revealed loss of full-length plectin with the maintenance of a rodless
plectin isoform in EBS-MD. EBS-PA skin specimens harbored
greatly reduced amounts of both full-length and rodless plectin.

Protein and mRNA expression patterns of plectin
in cultured cells from EBS-MD and EBS-PA patients

Plectin expression patterns of EBS-MD and EBS-PA cultured
cells were assessed at both the protein and mRNA levels to confirm
the comparative immunofluorescence analysis using skin biopsy
specimens showing that the majority of EBS-MD patients
expressed a rodless plectin variant, but not full-length plectin
and that expression of both full-length and rodless-plectin variant
peptides was remarkably reduced or completely abolished in EBS-
PA patients. Immunoblot analysis of lysates from fibroblasts of
patient EBS-MD5 failed to show any HD1-121 bands, although a
band corresponding to rodless plectin was observed by using
PN643 and C20 (Fig. 2). Lysates from cultured amniocytes from
an aborted sibling of EBS-PA3 (EBS-PA3F) showed that a
diminished amount of full-length plectin reacted with PN643,
HD1-121, and C20 (Fig. 2).

Using RT-PCR, the presence of an RNA message that does not
encode the rod domain was demonstrated in the normal human
control as well as the EBS-MD5 and EBS-PA3F cells (Figs. 1C and 5A)
(30F/32R). Direct sequencing confirmed the skipping of exon31 in the
PCR products (30F/32R) (Fig. 5B). mRNA encoding full-length
plectin containing the rod domain was also detected in normal
human control, EBS-MD5, and EBS-PA3F cells (Figs. 1C and 5A)

(30F/31R and 31F/32R). Judging from the PCR analysis results, the
quantity of full-length plectin transcript was greatly reduced in EBS-
MDS5 and EBS-PA3F compared with those in the normal human
controls. In addition, the rodless plectin transcripts were markedly
diminished in quantity in EBS-PA3F compared with those of the
normal human controls, although expression of the rodless plectin
transcripts was maintained in EBS-MD5.

These data suggest that EBS-MD5 fibroblasts express only
rodless truncated forms of plectin without the full-length isoform,
presumably because of nonsense-mediated mRNA decay (NMD)
of the full-length plectin transcript induced by the mutations
within PLECI exon 31 (Table 1 and Fig. 1A). Conversely, EBS-
PA3F amniocytes expressed a much lower level of plectin than
normal human fibroblasts due to NMD of both full-length and
rodless plectin transcripts induced by mutations within exons
encoding the N-terminal globular domain.

The expression of a small amount of plectin in EBS-PA3 and
EBS-PA3F is explained by the splice donor site mutation,
€.1344G > A (Table 1 and Fig. 1A). The PLECI cDNA correspond-
ing to exons 9-14 was amplified by PCR using synthesized first-
strand cDNA from EBS-PA3F and was cloned into a TA vector.
Sequence analysis of the cloned PCR products revealed three
different splicing patterns, one of which was a normal transcript
from the wild-type allele without ¢.1344G>A (Fig. 6A and B).
In addition to the normal transcript, most of the transcripts
derived from the c.1344G>A mutant allele exhibited a 4-bp
deletion at nucleotide position 1341-1344 in cDNA (Fig. 6C).
This led to a frameshift followed by a PTC at amino acid position
475 (Fig. 6D), whereas small amounts of mRNA exhibiting a

ful-length full-ength rodiess GAPDH
30F/31R (469bp)  31F/32R.(601bp)  30F/32R (335bp)
B <[> <«j> <«]>
exon 30 | exon32 exon 30 | exon 32 exon 30 | exon 32

GA GGA GGAGATGCA G

Normal

GRGGAGGAGATGCAG

EBS-MDS

GE GGAGGA GAT GCAG.

EBS-PA3F

Rodless transcripts (30F/32R)

Figure 5. Semiquantitative RT-PCR on full-length and rodless plectin transcripts. A: Compared with the normal human control, the EBS-MD5
and EBS-PA3F cells revealed a reduced mRNA level of full-length plectin (30F/31R and 31F/32R). mRNA levels of rodless plectin in EBS-PA3F
cells are reduced compared with EBS-MD5 and the normal human control (30F/32R). GAPDH mRNA expression was used as a loading control in
these experiments. The negative control reaction (DNA-free water instead of cDNA} shows no PCR products. The molecular weight standard
{lane M) is a 100-bp ladder. B: Direct sequencing demonstrates skipping of exon 31 in PCR products (30F/32R) from normal human, EBS-MD5,

and EBS-PA3F.

313

HUMAN MUTATION, Vol. 31, No. 3, 308-316, 2010

—437—



A B

normalexon 12 intron

> GA.GC
exon 12 1 exon 13 — p.‘.?;.
CTGCAGTCGGATGTCC  normalalicle
CIGCAGTCG G ATS T l )
normal splicing

Lou Gin Ser Asp val
A AT sE 3B anE

D
exon 12 | exon 13

CTGCQ@;Q&;SATGTCC normal allele

CTGCAGATGTCCGGCT
CIGOAG AIGTCCEGOY

i,

mutant aliele

Leu GinMet Ser Ala PTC

I KLY A AR 471 0%

E
4 : 3
exon 12 3 exon 13
CTGCAGTCGGATGTCC  hormalallele
CTGCAGTCAGATGTCC  mutantaliele l sitentmutation
CFGOAGT CAGRT G2 L2 and

nommalsplicing

bl

Figure 6. Abnormal splicing due to ¢.1344G > A mutation in EBS-
PA3F, and its consequences A: Normal transcripts of the exon
12—exon 13 junction derived from EBS-PAS3F cells. B: Normal splicing
at the exon 12-exon 13 junction. Boxes represent exons, blue
underlines are splice sites (SD: splice donor site; SA: splice acceptor
site) and black underlined regions are amino acids. C: Mutant
transcripts with deletion of four nucleotides from exon 12. Deleted
nucleotides are underlined. D: c.1344G >A mutation altered the G
nucleotide of the original splice donor site at the end of exon 12 and
activated a cryptic splice donor site (red underline) four nucleotides
upstream, leading to aberrant splicing with 4-bp deletion and
subsequent frameshift, resulting in a premature termination codon
at the amino acid position 475 in the N-terminal globular domain.
E: Mutant transcripts with ¢.1344G > A. F: A small amount of mRNA
carrying a silent nucleotide alteration ¢.1344G>A at amino acid
position 448 Ser was also expressed by the original wild-type splicing.
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T T

normal splicing pattern with a silent mutation ¢.1344G>A at
amino acid position 448 Ser were expressed (Fig. 6E and F).

Discussion

This study has demonstrated that two distinct plectin isoforms
function in the skin, and that their truncation by PLECI mutations
causes the distinct EBS subtypes of EBS-MD and EBS-PA,
depending on the pattern of remaining plectin peptide expression.

Plectin has a large rod domain encoded by PLECIexon 31.
Alternative splicing of transcripts lacking exon 31 results in a rodless
plectin isoform, and it has been demonstrated that the rodless
variant is expressed in various rat tissues, including skin, heart,
brain, muscle, testis, and liver [Elliott et al., 1997; Fuchs et al., 2005;
Steinboeck and Kristufek, 2005]. In addition, the rodless plectin
isoform has been found in human muscle cells and keratinocytes
[Koster et al., 2004; Schroder et al., 2000]. The significance of this
rodless plectin splice variant in the skin remains unclear, but
accumulation of PLECI] mutational data has revealed that most EBS-
MD patients have mutations in exon 31 encoding the large rod

314

HUMAN MUTATION, Vol. 31, No. 3, 308-316, 2010

domain of plectin, suggesting that conserved expression of the
rodless variant plectin could be related to the pathogenesis of EBS-
MD in patients with mutations in exon 31 [Pfendner et al., 2005;
Sawamura et al, 2007]. However, little data that clarify this
hypothesis has been reported, and only one report noted that
cultured keratinocytes from one EBS-MD patient were able to
express both N- and C-termini plectin epitopes without the
expression of rod domain [Koster et al., 2004]. Our data including
plectin isoform expression patterns in six EBS-MD patients clearly
demonstrate that loss of full-length plectin with conserved rodless
plectin isoform expression leads to an EBS-MD phenotype, which is
consistent with accumulated clinical and genetic data. We also
analyzed the relative amounts of two isoforms of plectin in normal
human fibroblasts, keratinocytes, and skeletal muscle (Fig. 3). Our
data revealed that the amount of full-length plectin is much greater
than that of rodless plectin in fibroblasts and keratinocytes. In
contrast, the full-length/rodless ratio in skeletal muscle is a little
more than 1. These data are compatible with the fact that EBS-MD
patients have skin fragility at birth and develop muscular dystrophy
later in life. These data suggests that substantial amounts of rodless
plectin in skeletal muscle might delay muscular symptoms while
EBS-MD patients are in infancy.

In contrast to the EBS-MD patients, EBS-PA patients are
significantly more likely to have mutations in domains outside
exon 31 [Pfendner et al., 2005; Sawamura et al, 2007]. The
majority of EBS-PA patients included in this study also exhibited
PLECI mutations in the gene outside exon 31(Table 1 and Fig. 1A).
In the EBS-PA patients in this study, at least one allele is expected
to have a stable product (the normal splicing variant from
c.1344G>A in EBS-PAl; p.GIn2538X in EBS-PA2, and
p.GIn2545X in EBS-PA3). There are three examples in which there
are nulls in both alleles that have the PTC outside exon 31 but not
in the terminal exon: (1) ¢.[2727_2740del]+c.[2727_2740del]
(exon 22) [Charlesworth et al, 2003], (2) c.[1567_1570del]+
¢.[1567_1570del] (exon 14) [Pfendner and Uitto, 2005], and (3)
p.[GIn305Term] +p.[GIn305Term] (exon 9) [Pfendner and Uitto,
2005]. All three patients had early deaths. Patients (2) and (3) had
the EBS-PA phenotype [Pfendner and Uitto, 2005]. Patient (1) had
the EBS phenotype, but the occurrence of PA was not substantiated
[Charlesworth et al., 2003]. Due to the limited number of EBS-PA
patients available, detailed expression patterns of plectin in the skin
of EBS-PA patients has not been performed. In addition,
comparative analysis of EBS-MD and EBS-PA skin specimens has
not been performed. To our knowledge, the present report is the
first to compare cutaneous plectin expression in EBS-MD and
EBS-PA subtypes using multiple tissues and cells with antibodies
that span a range of plectin domains including the N-terminus, rod
domain, and C-terminus of plectin. This comparison between
EBS-MD and EBS-PA enabled us to identify the differences in these
EBS subtypes and to gain a better understanding of the
consequences that complete loss or markedly attenuated expression
of plectin has. These data are also consistent with the fact that EBS-
PA patients generally show more severe skin symptoms than EBS-
MD cases, in which expression of a rodless plectin isoform is
maintained at least in the skin, although one EBS-PA patient (EBS-
PA1) showed a relatively mild skin phenotype [Sawamura et al.,
2007]. Also, in some cases of JEB-PA, another subtype of EB with
pyloric atresia, the skin manifestations have been reported to be
relatively mild and to improve with age, and surgical correction of
the PA allowed growth of the patients [Pulkkinen et al., 1998]. It is
possible that EBS-PA patients could develop muscular dystrophy if
they survived longer. However, to our knowledge, such EBS-PA
patients have not been reported in the literature. Figure 7A-C
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Figure 7. Schematic diagram of cutaneous plectin expression
patterns in normal human skin and in skin from EBS-MD and EBS-PA
patients. A: Two distinct isoforms of plectin—full-length and-rodless—
are expressed in the normal human control. B: Only rodless plectin is
expressed in EBS-MD. C: Both the full-length and rodless plectin
isoforms are greatly diminished or completely lost in EBS-PA. The
peptides in light gray are not expressed or are markedly diminished in
the patients.

depicts a schematic diagram of the predicted plectin expression
pattern among the normal human control, EBS-MD, and EBS-PA.

As described above, almost all EBS-MD patients have one or two
truncated mutations in exon 31 encoding the large rod domain of
plectin, whereas most PLECI mutations detected in EBS-PA are
outside exon 31. To our knowledge, we have three cases of EBS-MD
and one case of EBS-PA in the literature whose mutations are not
explained by our data: (1) c.[2719_2727del] (exon 21)+
¢.[2719_2727del] (exon 21) (EBS-MD) [Pulkkinen et al., 1996], (2)
c.[1541_1576del] (exon 14)+c.[2677_2685del] (exon 21) (EBS-MD)
[Uitto and Pfendner, 2004), (3) c.[2769_2789del] (exon 21)+
c.[2769_2789del] (exon 21) (EBS-PA) [Uitto and Pfender, 2005],
and (4) ¢.[13803_13804ins16] (exon 32)+c.[13803_13804ins16]
(exon 32) (EBS-MD) [Schroder et al., 2002]. The former three EBS
patients had in-frame PLECI deletion mutations outside exon 31 but
not in the terminal exon. The last EBS-MD patient was homozygous
for out-of-frame mutation in the terminal exon predicting a
premature stop-codon within the exon. ¢.[2719_2727del] was in the
nucleotide sequence where CAGGAGGCC was tandemly repeated.
Therefore, this in-frame deletion was predicted to result in slipped
misparing of DNA [Krawczack and Cooper, 1991; Pfendner and
Uitto, 2005]. It is hard to figure out how altered plectin is synthesized
from c¢.[1541_1576del]+c.[2677_2685del] and c.[2769_2789del] +
c.[2769_2789del]. It is noteworthy that the phenotype of the EBS-
MD patient with c.[1541_1576del}+c.[2677_2685del] was relatively
mild, and that muscular dystrophy did not develop until the age of 42
[Uitto and Pfendner, 2004].

In previous studies, the expression of plectin was mainly
evaluated by monoclonal antibodies raised against the rod
domain. However, several splicing variants had previously
prevented us from identifying whether plectin is completely lost
or expressed in a truncated protein form in EBS patients with
PLECI mutations. Antibodies including those raised against both
the plectin N- and C-termini are required to distinguish the

expression of rodless splicing variants from a complete protein
loss. Nevertheless, we have now elucidated how differences in
plectin expression can lead to the two distinct skin blistering-
associated phenotypes of muscular dystrophy and pyloric atresia.

Our former study on an EBS-PA3 patient [Nakamura et al.,
2005] described different predicted transcripts of the c.1344G > A
splice-site mutation from those of the present study. Our previous
report employed an exon-trapping system, which is a tool to
predict the transcripts that arise from a splice-site mutation when
mRNA samples from patient tissues or cells are not available
[Buckler et al, 1991]. In that system, the gDNA that is to be
screened is subcloned into the exon trapping vector. The
subcloned vector is transfected into cells, and mRNA is extracted
from the cells to elucidate the splicing consequences. The system is
useful, but it is such an artificial way of predicting the splicing
products that the induced splicing patterns in the cell culture
system are not necessarily correct nor are they the same as those in
patient tissues or cultured cells [Schneider et al., 2007]. Because
we used cultured amniocytes from EBS-PA3F in the present study,
the results shown in Figure 6 supersede the results that were
obtained by using an exon-trapping system in the previous report.

To summarize, EBS-MD patients typically express a rodless plectin
isoform, although the full-length plectin is lost. In contrast, both full-
length and rodless plectin isoforms are deficient in the EBS-PA
patients, leading to a more severe disease phenotype. These findings
demonstrate that deficiency of both plectin isoforms—full-length and
rodless—leads to the severe phenotype of EBS-PA, and in contrast,
conserved expression of the rodless isoform results in muscular
dystrophy without pyloric atresia. The present results provide
important insights toward further understanding the pathomechan-
isms of muscular dystrophy and pyloric atresia in plectin-deficient
patients.
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Letter to the Editor

ABCA12 dysfunction causes a disorder in glucosylceramide
accumulation during keratinocyte differentiation

Harlequin ichthyosis (HI) is an autosomal recessive congenital
ichthyoses, and patients of this disease frequently present with
severe hyperkeratosis and scales over all of their epidermal surfaces.
Recently, the gene encoding ABCA12 was identified as a causative
gene for HI [1]. Since dysfunction in ABCA12 causes a decrease in
epidermal ceramide (Cer) content concomitantly with loss of the
skin lipid barrier, ABCA12 is thought to regulate epidermal
generation of Cer. However, so far no direct target of ABCA12 has
been identified. Thus, we attempted to study the substrate of
ABCA12 by generating an ABCA12-deficient keratinocyte cell line
and then comparing its sphingolipid metabolism to that of a normal
keratinocyte cell line. Keratinocytes were isolated from a HI patient
and a healthy donor [1], then were immortalized by expressing the
T-antigen of SV40. After 15 passages, the morphology of the cells
became uniform and we confirmed the expression of the SV40 T-
antigen by Western blotting (Fig. 1A and B). The cell lines thus
generated from the cells isolated from the HI patient and healthy
donors were named HIKT and KT1, respectively. Genomic analysis
revealed one mutation in the HIKT cells, from A to G adjacent a splice
acceptor site of exon 24 (Fig. 1C). This mutation produced two splice
variants of 674-bp and 513-pb (Fig. 1D). The 674-bp results from 9-
bp lost from exon 24, and the 513-bp results from 170-bp lost from
exon 24. This mutation has been reported to seriously affect the
function of the ABCA12-protein [1]. We have successfully estab-
lished an ABCA12-impaired keratinocyte cell line.

(A
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Several groups have demonstrated that the expression level of
ABCA12 increases during the differentiation of keratinocytes, so that
anaplastic keratinocytes express only low levels of ABCA12 [2,3]. As
shown in Fig. 2A, anaplastic KT1 scarcely expresses any ABCA12. So,
we attempted to induce differentiation of KT1 and HIKT cells, and
thereby express high levels of ABCA12 in the cells. We induced
differentiation in KT1 and HIKT cells and confirmed the differentia-
tion by measuring the differentiation marker involcurin, which
increased significantly in both cell lines during differentiation (3.1-
fold increase in KT1 and 2.4-fold increase in HIKT) (Fig. 2A). We
further found that ABCA12 also increased during differentiation,
with especially high levels of expression at 7 days after induction in
the HIKT cells. Following the induction of differentiation in KT1 and
HIKT cells, their sphingolipid metabolism was examined at 7 days by
labeling the cells with [*H]dihydosphingosine or [**C]galactose
(Fig. 2B and C, respectively). Interestingly, apparent accumulations
of [*H]GlcCer (Fig. 2B)and [ *C]GlcCer (Fig. 2C) were observed in KT1
cells at 7 days post-induction compared to HIKT cells (203% increase
at [*H]GlcCer and 181% increase at ['“C]GlcCer, respectively). It is
noteworthy that ['4C]gangliosides levels in KT1 cells were lower
rather than equal to levels in HIKT cells (31% reduction), despite the
accumulation of GlcCer. Since the ABCA12 is known to localize at
lamellar bodies (LBs) in keratinocyte [4], this result indicates that
differentiated KT1 cells aggressively accumulate GlcCer in LBs and
not in the Golgi apparatus. Our results clearly demonstrate that
ABCA12 deficiency impairs the GlcCer accumulation in LBs, thereby
strongly indicating that ABCA12 transports GlcCer to the inner
leaflet of LBs (Fig. 2D). Mass spectrometer analysis of accumulated

exonz24
© J————*
KT : TTCTTACAGTACATG
HIKT : TTCTTACGGTACATG
®)
683-bp — —674-bp
~513-bp
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Fig. 1. KT1 and HIKT keratinocyte cell lines. KT1 and HIKT keratinocyte cell lines were generated by introducing the SV40 T-antigen into the cells using the culture supernatant
of WCRIP-pMFGtsT (distributed from RIKEN cell bank, Tsukuba, Japan). After 15 passages, KT1 and HIKT cells exhibited similar morphology (A), and expected expression
levels of T-antigen as examined by Western blotting using anti-SV40 LT (BD biosciences, NJ) (B). Genomic structures of KT1 and HIKT cells neighboring exon 24 (C). *A
mutation from A to G in HIKT cells. RT-PCR analysis of mRNA fragments around the exon 23-24 boundary was performed as described previously [1] (D).
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Fig. 2. Sphingolipids in KT1 and HIKT 4 days after induction of differentiation. (A) To induce differentiation, HIKT and KT1 cells were cultured in a DMEM/F-12 (2:1) mixture
containing 10% fetal bovine serum, 1.2 mM Ca?*, 10 pg/ml insulin, and 0.4 p.g/ml ascorbic acid (differentiation medium) at 39 °C. Before (0 day) and 4 days and 7 days after
induction, total RNA was isolated from each cell line, and semi-quantitative RT-PCR was performed using primers for ABCA12, 5-GAATTGCAAACTGGAAGGAACTCCC-3 and
5’-GAGTCAGCTAGGATTAGACAGC-3; for involcurin, 5'-CTCCTCAAGACTGTTCCTCC-3’ and 5/-GCAGTCATGTGCTTTTCCTCTTGC-3; for GAPDH, 5'-ATCACTGCCACCCAGAAGAC
TGTGGA-3' and 5'-GAGCTTGACAAAGTTGTCATTGAGAGC-3'. Seven days after induction of differentiation, HIKT and KT1 cells (10%) were metabolically labeled with
[H]dihydrosphingosine (2 p.Ci) (B) or [ **C]galactose (5 .Ci) (C), then lipids were extracted and applied to HPTLC plates as described previously {5]. The HPTLC plates were
developed with chloroform/methanol/0.05% CaCl; (60:35:8). The data are representative of tree independent experiments. (D) A possible mechanism of how to generate

epidermal ceramides.

GlcCer will provide advanced information about substance prefer-
ence of ABCA12. This remains for future study.
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Human IgG1 Monoclonal Antibody against Human Collagen
17 Noncollagenous 16A Domain Induces Blisters via
Complement Activation in Experimental Bullous
Pemphigoid Model

Qiang Li,*' Hideyuki Ujiie,*"' Akihiko Shibaki,* Gang Wang,* Reine Moriuchi,*
Hong-jiang Qiao,* Hiroshi Morioka,” Satoru Shinkuma,* Ken Natsuga,* Heather A. Long,*
Wataru Nishie,* and Hiroshi Shimizu*

Bullous pemphigoid (BP) is an autoimmune blistering disease caused by IgG autoantibodies targeting the noncollagenous 16A
(NC16A) domain of human collagen 17 (hCOL17), which triggers blister formation via complement activation. Previous in vitro
analysis demonstrated that IgG1 autoantibodies showed much stronger pathogenic activity than IgG4 autoantibodies; however,
the exact pathogenic role of IgG1 autoantibodies has not been fully demonstrated in vivo. We constructed a recombinant IgG1
mAb against h(COL17 NC16A from BP patients. In COL17-humanized mice, this mAb effectively reproduced a BP phenotype that
included subepidermal blisters, deposition of IgG1, Clq and C3, neutrophil infiltration, and mast cell degranulation. Subsequently,
alanine substitutions at various Clq binding sites were separately introduced to the Fc region of the IgG1 mAb. Among these mutated
mAbs, the one that was mutated at the P331 residue completely failed to activate the complement in vitro and drastically lost path-
ogenic activity in COL17-humanized mice. These findings indicate that P331 is a key residue required for complement activation and
that IgG1-dependent complement activation is essential for blister formation in BP. This study is, to our knowledge, the first direct
evidence that IgG1 Abs to hCOL17 NC16A can induce blister formation in vivo, and it raises the possibility that IgG1 mAbs with Fc

modification may be used to block pathogenic epitopes in autoimmune diseases. The Journal of Immunology, 2010, 185: 7746-7755.

subepidermal blistering disease (1, 2). Circulating auto-

antibodies target human type XVII collagen (human col-
lagen 17 [hCOL17]), also known as BP Ag 2 (BPAG2) or BP180,
which is a major component in hemidesmosome-anchoring fila-
ment complexes at the epidermal basement membrane zone
(BMZ) (3-9). The major pathogenic epitope of BP autoantibodies
is present at the extracellular noncollagenous 16A (NC16A) do-

B ullous pemphigoid (BP) is the most common autoimmune
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main, which has distinctive diversity among different species (10—
12). Deposition of anti-hCOL17 autoantibodies at the BMZ triggers
sequential inflammatory cascades, including complement activa-
tion, degranulation of dermal mast cells, infiltration of eosinophils
and neutrophils, and subepidermal blister formation elicited by
proteinases derived from the inflammatory cells (13-17).

In the inflammatory mechanism of BP, the IgG-dependent
classical complement pathway plays an important role in autoim-
mune blister formation. Complement components including Clgq,
C3 and C4 are detected at the dermal-epidermal junction (DEJ)
in the skins of patients and experimental BP model mice (17-21).
BP phenotypes have been abolished by the inhibition of Clq
using neutralizing Abs in experimental models (18). Clg-binding
amino acid residues underlie IgG-Clgq interaction, which forms an
initiation complex in the classical complement pathway (22), such
as in humoral immunity to pathogens. The pathogens recognized
by Abs are cleared by phagocytosis, Ab-dependent cell-mediated
cytotoxicity (ADCC), and complement-dependent cytotoxicity
(CDC) mechanisms. Interaction of the Clq and IgG Fc region is an
initial step in CDC reaction to pathogens (23). The constant 2
(Cy2) domain is the crucial region for Clq binding to the IgG Fc
region (24, 25). Mapping studies of Clg-binding residues have
demonstrated that the three spatially close sites (K322, P329, and
P331) constitute the binding epicenter in the human IgGl Cy2
domain. E318 and K320 have been shown to play a minor role in
complement activation by site-directed mutagenesis studies in
vitro. Among different species, these residues are relatively well
conserved (22, 25-27). However, the precise role of these binding
residues has not been determined in the activation of complement
cascades in vivo.
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IgGl1 is thought to be the predominant subclass of anti-hCOL17
IgG autoantibodies in sera from BP patients. Clinical studies have
shown a preferential detection of hCOL17-specific IgG1 and 1gG4
autoantibodies in BP sera, with IgG2 and IgG3 being detected in
a minority of patients (5, 7, 28). Eighty-five percent and 46% of BP
sera contained IgG1 and IgG4 Abs against hCOL17, respectively
(6). The presence of IgG1 autoantibodies has been associated with
active BP phenotypes (5, 6), and the autoantibody level has been
correlated with the area of skin blistering (29). These clinical
findings indicate that IgG1 might be the main pathogenic subclass
in BP. However, to our knowledge, there has been no direct in vivo
evidence to demonstrate the pathogenic role of the anti-hCOL17
IgG1 autoantibody until now.

To confirm whether BP IgG1 autoantibodies can induce the BP
phenotype in vivo and to analyze the importance of various Clg-
binding residues in the IgG1 Fc Cy2 domain in BP, we cloned and
constructed a recombinant human (rh)IgG1 mAb against hCOL17
NCI16A. By site-directed mutagenesis in the Cy2 domain of the
IgGl mAb Fc region, alanine substitutions were introduced at
various residue sites that were previously verified as Clq bind-
ing sites in vitro. The blister formation triggered by the non-
mutated IgG1 mAb was assessed in vivo using our COL17-
humanized (COLI7™™~ ") mouse model, which expresses
hCOL17 but not mouse COL17 at the BMZ (17). In contrast, the
IgG1 mAbs that were mutated at the P331 and/or P329 residue(s)
failed to elicit blister formation. Our findings indicate that IgG1
Abs, as the predominant IgG subclass, can induce subepidermal
blister formation via IgG Fc—Clq interaction in BP.

Materials and Methods
Establishment of the EBV-transformed B cell clones

PBMC:s were prepared from seven active nontreated BP patients by density
gradient using Ficoll-Paque PLUS (GE Healthcare, Uppsala, Sweden). The
diagnosis of BP was made by the typical clinical and histological mani-
festations as well as by laboratory data including anti-hCOL17 ELISA and
indirect immunofluorescence (IIF). The clinical and immunological char-
acteristics of the BP patients are summarized in Supplemental Table I.
B cells were isolated by using microbeads conjugated to anti-human CD19
mAb (Miltenyi Biotec, Bergisch Gladbach, Germany), followed by seeding
at 15 cells/well in 96 U-bottom microplates (BD Biosciences, San Jose, CA)
in complete RPMI 1640 medium containing 2.5 wg/ml ODN2006 (In-
vivoGen, San Diego, CA) and incubation for 2 wk with irradiated cord
mononuclear cells as the feeder layer cells (50,000/well) in the presence of
EBV (30% supernatant of B95.8 cells). The culture supernatants were
tested for the presence of anti-hCOL17 NC16A Abs by ELISA coated with
rhCOL17 NC16A peptide as reported previously (17). The index values of
ELISA were defined by the following formula: index = (OD of tested
supernatant — OD of negative control)/(OD of positive control — OD of
negative control) X 100 (30-32). As a positive control, we used a standard
BP serum supplied with the hCOL17 NC16A-ELISA kit (MESACUP
BP180 test; Medical and Biological Laboratories, Nagoya, Japan) as re-
ported previously (17, 33). Adjustment of the values relative to the positive
control allows comparison of results from different plates, even if per-
formed under different conditions. Positive wells were cloned by limiting
dilution in the presence of ODN2006 and irradiated cord mononuclear
cells.

Construction of IgG1 expression vector

L chain (x and \) and Fd (V region + constant domain 1) fragments were
amplified by RT-PCR from monoclonal B cell clones using general primers
for the Ab library (Table I), cloned into pCR2.1 vectors (Invitrogen,
Carlsbad, CA), and sequenced by ABI 3100 genetic analyzer (Applied
Biosystems, Foster, CA). After introducing one cutting site by the restriction
endonucleases EcoRV at the 3’ end, the L chain was inserted into the human
IgG1 expression vector pAc-k-Fc or pAc-A-Fc (Progen, Heidelberg, Ger-
many) at the Sacl and EcoRV cutting sites (Supplemental Fig. 1). Then the
Fd sequence was inserted into the vector at the Xhol and Spel cutting sites.
The constructed baculovirus vector containing Fd and V, o \ genes was
transfected to Spodoptera frugiperda-9 (Sf-9) insect cells using the Bacu-
loGold Transfection Kit (BD Biosciences). Recombinant baculovirus was
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harvested from the supernatant of Sf-9 cell culture medium TNM-FH
(Grace’s insect medium, 10% FBS, and penicillin-streptomycin) (Invi-
trogen) at 4-5 d after the transfection. Secreted rhigG1 Abs were detected in
the supernatant using an hCOL17 NC16A-ELISA kit (MBL, Nagoya, Ja-
pan). The whole procedure followed the manufacturers’ recommendations.

Production and purification of the rhlgGl mAb

The recombinant virus inocula, via three rounds of plaque purification,
infected Sf-9 cells at a multiplicity of infection of 0.5-10. The cells were
grown in SF-900 II SFM (Life Technologies, Carlsbad, CA) serum-free
suspension culture using a spinner 1-L flask with a vertical impeller
(Corning, Lowell, MA) at 27°C. One week later, supernatant was harvested
and clarified by centrifugation and filtered through 0.45 pM filters (Mil-
lipore, Bedford, MA). Purification was performed on HiTrap Protein G
column (GE Healthcare). The eluted IgG in 1 M glycine-HCl (pH 2.7) was
dialyzed in PBS for at least 48 h and then quantified by spectrophotometer
(Pharmacia Biotech, Uppsala, Sweden) at 280 nm.

Generation of the mutated IgGI mAbs

Alanine substitutions were incorporated into the human IgG1 pAc-\-Fc
vector by site-directed mutagenesis using a Quick Change Mutagenesis Kit
(Stratagene, La Jolla, CA), according to the manufacturer’s instructions.
We constructed seven mutants: five single-site ones and two multisite ones.
The mutagenic oligonucleotide primers containing target sites are listed in
Table 1. Primers were purified by PAGE to prevent the primers from ex-
periencing a significant decrease in mutation efficiency. Sequences were
verified by ABI 3100 genetic analyzer (Applied Biosystems). The different
constructs were expressed in the Sf-9 cells described above. The IgG was
directly purified from the filtered serum-free supernatant using 5 ml
HiTrap Protein G column (GE Healthcare).

Establishment of hCOL17-293 cells

To establish the hCOL17-293 cell line, FlpIn 293 cells (Invitrogen) were
first cotransfected with the constructed plasmid pcDNAS/FRT (Invitrogen)
that had been inserted with the hCOL17 gene (a gift from Dr. K. B. Yancey,
University of Texas Southwestern Medical Center, Dallas, TX) and pOG44
(Invitrogen) and were then cultured in selective medium (DMEM, 100 ng/
ml hygromycin B [Invitrogen], and 10% FBS). Second, the expression
levels of hCOL17 were detected by Western blot analysis using BP serum
Abs (1:20) as the first Ab. Eventually, the positive clones were maintained
in DMEM containing 50 pg/ml hygromycin B and 10% FBS. The pro-
cedures were handled according the manufacturers’ recommendations.

Epitope mapping of the IgGI mAb

We synthesized the N terminus half (hANC16A 1-3, aa 490-534) of the
hCOL17 NC16A domain as a GST-fusion protein using the expression
vector pGEX2-T (Amersham Biosciences, Uppsala, Sweden) and bacteria
B12 (Amersham Biosciences), as reported previously (17, 34). Other
peptides including hNC16A 1 (aa 490-506), hNC16A 2 (aa 506-520),
hNC16A 2.5 (aa 514-532), and hNC16A 3 (aa 520-534) were expressed in
the same way and then purified with a GSTrap FF affinity column (GE
Healthcare). The purified IgG1 mAb 3.B6 (0.25 wg/ml) was incubated with
the 0.5 pg/lane GST-fusion proteins that were transferred to a 0.2-wm
nitrocellulose membrane (Bio-Rad, Richmond, CA) for storage at 4°C
overnight. Immunoblots were probed with anti-human IgG polyclonal Abs
conjugated with HRP (1:1000; DakoCytomation, Glostrup, Denmark). BP
serum from patient 3 (1:30) was acted as the positive control.

Competitive-inhibition assay

Competitive-inhibition ELISA was performed in triplicate as described
previously (35). Inhibitor solutions (five subpeptides of the hNC16A, full-
length hNC16A, and GST protein) were double serially diluted in 0.5%
BSA and mixed with equal volumes of the IgG1 mAb 3.B6 (2.5 pg/ml),
then incubated at 37°C for 1 h. One hundred microliters of the mixtures
was added to the wells coated with hCOL17 NC16A. The remainder of the
assay was performed according to standard procedures. OD was measured
at 450 nm.

Clg-binding assay

The Clg-binding activity of the mutated IgG1 mAbs was determined by
Clq ELISA-binding assay. The mAbs with double serial dilution (starting
concentration: 20 pg/ml) in 0.05 M sodium carbonate buffer (pH 9) were
coated in a 96-well plate (Nalge Nunc International, Rochester, NY) and
left overnight at 4°C. The plates were washed three times with PBS con-
taining 0.05% Tween 20 and blocked for 1 h at room temperature with
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ELISA diluent buffer (BD Biosciences), then incubated for 2 h with 100 pl
4 pg/ml human complement component Clq (Sigma-Aldrich, St. Louis,
MO) in ELISA diluent buffer. Then, 100 pl of a 1:400 dilution of sheep
polyclonal to Clq (HRP) (Abcam, Tokyo, Japan) was added after washing,
and incubation was done for 1 h. Plates were washed five times and dis-
played in tetramethylbenzidine-soluble reagent (ScyTek, Logan, UT) and
then stopped by the addition of 50 pl 20% H,SO4 (Wako, Osaka, Japan).
The OD was determined at 450 nm. To correct for background, the OD at
450 nm was subtracted from the OD at 620 nm. Binding activity was
calculated by the following formula: index value = (ODy sy — ODprani)/
(ODg;. — ODpyank), where St. is standard human IgG1 (BD Biosciences)
and blank is the diluent buffer.

CDC assay

Serum complements from human (Quidel, San Diego, CA) and mouse
(Innovative, Novi, MI) were used for cytotoxicity assay. The mAbs (20-0.04
wrg/ml) were diluted with dilution buffer (DB) (DMEM [Life Technolo-
gies] [pH 7.2], 2 mM glutamine, 0.1% BSA, and 50 pg/ml hygromycin).
The hCOL17-293 cells were washed in DB and resuspended at a density
of 10° cells/ml. In a typical assay, 50 pl of the mAbs, 50 wl diluted
complement, and 50 pl cell suspension were added to flat-bottom tissue
culture 96-well plates. The mixture was incubated for 2 h at 37°C in 5%
CO, incubator to facilitate cell lysis. Then, 50 wl Alamar Blue (Invitrogen)
diluted in the DB was added to each well and incubated overnight at 37°C
in 5% CO, incubator. Fluorescence (Flu) value was monitored at 530-nm
excitation wavelength and 630-nm emission wavelength using a 96-well
Fluorometer (Berthold, Tokyo, Japan). Reduced Flu units exhibit propor-
tionally to the number of viable cells. The activity of the various mutants
was examined by plotting the percent CDC activity against the log of
working concentration of the mAb. The Flu value of triplicates was used to
calculate the percent cytotoxicity: percent CDC activity = 100 X (1 —
[Fluno complement Flulest]/[ﬂuno complement Flutom] lysist where Flutoml lysis
reading from positive control well was incubated for an additional 15 min
with lysis solution (Roche, Mannheim, Germany).

ADCC assay

The normal PBMCs were fractionated by Ficoll-Paque PLUS gradient and
resuspended in assay reaction buffer (RPMI 1640, 10 mM HEPES, 1% FBS,
and 100 pg/ml gentamycin). The hCOL17-293 cells were washed and re-
suspended in the assay reaction buffer. Double-serial-diluted mAb in a 50-
wl assay reaction buffer was incubated with 50 pl target cells (hCOL17-
293 cells) (10,000 cells/well) for 30 min at 37°C. Then 50 pl effector cells
(normal PBMCs) in a cell suspension (100,000 cells/well) was dispensed
into the wells, and incubation was continued for 4 h at 37°C. The activity of
lactate dehydrogenase was determined by using the Cytotoxicity Detection
PLUS (lactate dehydrogenase) Kit (Roche), according to the manufacturer’s
instructions. The absorbance (450 nm) of triplicates was used to. calculate
the percent cytotoxicity: percent cytotoxicity = 100 — 100 X (ODyeq —
ODbackgmund)/ (ODlotul lysis ODbackgmund)s where ODlotaJ lysis reading from
the positive-control well was incubated for an additional 15 min by lysis so-
lution (Roche).

Passive-transfer models

The Absincluding the nonmutated, mutated, BP and healthy serum IgGs were
individually injected into 1-d neonatal COL17-humanized (COLI7™ /™ *)
mice at a dose of 25-200 wg/g body weight as described previously (17).
At 48 h afteri.p. injection of the IgG Abs, skin blister formation was assessed
by gentle skin friction. Back skin was used for histological examination
(Genetic-Lab, Sapporo, Japan) and direct immunofluorescence (DIF) test

Normal human skin

using FITC-conjugated polyclonal Ab to human IgG (1:100) (DakoCyto-
mation), murine Clq (1:40) (MBL), and murine C3 (1:200) (Abcam).

Immunofluorescence

Immunofiuorescence analysis using the nonmutated or mutated IgG1 mAbs
was performed on adult COLI 7™~ "* mouse tail, neonatal COL17" ™/~ "+
mouse skin, and normal human skin as described previously (17). Flu la-
beling was performed with FITC-conjugated secondary Abs (1:100)
(DakoCytomation), followed by 10 w.g/ml propidium iodide (PI) (Sigma-
Aldrich) to counterstain the nuclei. The stained samples were observed and
photographed under a confocal laser scanning microscope (Olympus
Fluoview FV1000; Olympus, Tokyo, Japan).

Ethical considerations

This study was approved by the Institutional Review Board of Hokkaido
University (Sapporo, Japan) and fully informed consent from all patients
was obtained for use of human material. All animal operations were ap-
proved by and performed in accordance with the Institutional Lab Animal
Care and Use Committee of Hokkaido University.

Statistics

Data values were shown as means and/or percentages. We determined
statistical significance using Student 7 test or Pearson x” test. One-way or
two-way ANOVA test was used for comparing the Clq-binding, CDC, and
ADCC activities of the nonmutated and mutated mAbs. A p value <0.05
or 0.01 was considered statistically significant. Analysis was carried out
using the statistical software SPSS 10.0 (SPSS, Chicago, IL).

Results
Establishment of immortalized B cell clones derived from BP
patients

By means of EBV transformation and limiting dilution (36), three
immortalized B cell clones (3.B6, 1.F5, and 7.H8) were estab-
lished from PBMCs of the seven active BP patients (3.B6 from
patient 3, 1.F5 from patient 1, and 7.H8 from patient 7). These
three clones stably grew and secreted the IgG mAbs against
hCOL17 NC16A. ELISA analysis showed that all the supernatants
from the three clones (3.B6, 1.F5, and 7.HR) recognized the
thCOL17 NC16A protein (respective index values [mean = SD]:
82.99 = 4.32,40.18 = 2.53, and 30.79 * 1.61). The IgG subclasses
of the three clones are IgG1, IgG1, and IgG4, respectively, as de-
termined by gene sequencing. IIF analysis using normal human
skin revealed that the supernatants of both 3.B6 and 1.F5 showed
linear IgG deposition at the BMZ (Fig. 1A, 1B). In contrast, the
supernatant of clone 7.H8 failed to recognize the BMZ (Fig. 1C).
We then generated rhIgGl mAbs containing the Fab regions of
these three immortalized B cell clones.

Generation of rhigGl mAbs against hCOLI17 NC16A

To construct thigG1 mAbs, we amplified and cloned the cDNA that
encodes IgG L and H chain variable domains (V, o, » and Fd) from
the immortalized B cell clones by RT-PCR using Ab library
general primers (Table I). The 700-bp L/H chain variable genes
(VL/VH) of clones 3.B6, 1.F5, and 7.H8 were cloned and ampli-

7.H8

FIGURE 1. Characterization of immortalized B cell clones. IIF analysis was used for detecting the immunoreactivity of the IgG supernatant collected in
the first week with normal human skin. Rabbit polyclonal Abs against the H and L chains of human IgG (DakoCytomation) conjugated with FITC were
used as secondary Abs (1:100). IgG in the diluted supernatant (1:1) from 2 clones 3.B6 (A) and 1.F5 (B) deposits linearly (green, FITC) at the DEJ (white
arrowheads) (skin surface, white dotted line). Negative staining is observed from clone 7.H8 (C). Cell nuclei (red) were counterstained with PI. Original

magnification X200 (A-C).
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Table 1. General RT-PCR primers for cloning variable genes (V) and the mutagenic primers for substituting alanines at Clg

binding sites

Primers for k-chain

HKS5 GAMATYGAGCTCACSCAGTCTCCA

HK3 GCGCCGTCTAGAACTAACACTCTCCCCTGTTGAAGCTCTTTCTGACGGGCAAG
Primers for \-chain

HLS CASTYTGAGCTCACKCARCCGCCCTC

HL3 GAGGGATCTAGAATTATGAACATTCTGTAGG
Primers for Fd

Hs CAGGTGCAGCTGGTGSAGTCTGG

H, CAGGTCAACTTGAAGGAGTCTGG

H, CAGGTGCAGCTGCAGGAGTCGGG

Vs CAGGTGCAGCTCGAGSAGTCTGG

HG3 GCATGTACTAGTTTTGTCACAAGA

Single-site mutagenic primers
E318—A
K320-A
K322—-A
P329—A
P331—A

Mulitisite mutagenic primers
E318A K320A K322A
P320A P331A

TGGCTGAATGGCAAGGCGTACAAGTGCAAGGTC
GCTGAATGGCAAGGAGTACGCGTGCAAGGTCTCCAACAAA
GCAAGGAGTACAAGTGCGCGGTCTCCAACARAGCCC
CAACAAAGCCCTCGCAGCCCCCATCGA
AGCCCTCCCAGCCGCCATCGAGAAAACC

GACTGGCTGAATGGCAAGGCGTACGCGTGCGCGGTCTCCAACARAGCCCTC
CAACAAAGCCCTCGCAGCCGCCATCGAGAAAAC

General primers for Vi and Fd chains (M= A, C;Y=C, T; S =G, C; K =G, T; R = A, G). Mutagenic primers at Clq binding sites (only showing the

sense primer; the underlined codons are substituted into alanines).

fied by the V,\/VH, 3 V./VH,, and V,/VH, 3 subfamily primers,
respectively (Table II). Details of the variable gene sequence from
the clones are summarized in Supplemental Table II.

Both the VL and VH genes were successively cloned into Xhol/
Spel and Sacl/EcoRV sites of the pAc-k-Fc or pAc-A-Fc bacu-
lovirus IgG1 expression vectors (Supplemental Fig. 1) (37). Re-
combinant baculovirus was produced by transfecting the recom-
binant vectors that contained VL/VH genes into Sf-9 insect cells.
Postinfection with the purified recombinant baculovirus, the Sf-
9 cells secreted rhIgGl mAbs in the culture supernatant. ELISA
analysis showed that the rIgG1 mADb from the clone 3.B6 recog-
nized hCOL17 NC16A (index value [mean = SDJ: 161 = 5.37)
but not the unrelated control protein, human type VII collagen
(index value: 2.2 = 0.04). The human COL17 NC16A ELISA
index values of mAbs derived from clones 1.F5 and 7.H8 were
4.23 £ 0.02 and 1.74 * 0.01, respectively, which are significantly
lower than that of clone 3.B6 (p < 0.01). This result indicates that
the reactivity and/or affinity of IgG Abs secreted from insect cells
was altered from those produced by human B cells, possibly as
a result of differences in three-dimensional structure, to glyco-
sylation or to other factors, even if the Abs had the same gene
sequences as the variable regions (38, 39). For example, N-
deglycosylation was even observed to affect the m.w. of the Hor L
chains of Ch-K20-sf9 (37). IIF analysis demonstrated that the
rlgGl mAb 3.B6 reacted with the BMZ of normal human (Fig.
2A) and COL17-humanized (COLI7™ '~ ™) mouse skin (Fig.
2B) but not with the wild-type mouse skin (Fig. 2C).

The amount of the mAb 3.B6 in the supernatant of the infected
S£-9 cells ranged from 5 to16 pg/ml, values that were determined
by sandwich ELISA using sheep anti-human Fab Abs. Kinetic
analysis using the Biacore system demonstrated that the mAb 3.

Table II.  Usage of Ab general primers for cloning variable genes from
the B-cell clones

B Cell Clone L Chain VL Subfamily H Chain  VH Subfamily
3.B6 Vy VLI1-JL3b VH, 3 VHI1-D4-JH6
1.F5 Vi VKI1-JK3 VH , VH2-D6-JH4
7.H8 Vi VKI1-JK2 VH; ;3 VH3-D5-JH6

B6 had high affinity for Kp =53 X 1077 M (K4 = 1.9 X 10™% 1/s;
K, =3.6 X 10* 1/Ms; Kp = K4/K,). The purified mAb 3.B6 stained
the cell surface of the normal human epidermal keratinocytes (Fig.
2D) and 293 cells that had been transfected with the hCOL17 gene
(Fig. 2E), suggesting that this mAb recognizes the extracellular
domain of hCOL17.

Epitope mapping by Western blot analysis using the rNC16A
subpeptides revealed that the mAb 3.B6 specifically reacted with
the full-length hNC16A, hNC16A 1-3, hNCI6A 2, and hNC16A
2.5 (Fig. 34, 3B). Binding inhibition assays demonstrated that two
peptides ((NC16A 2 and hNC16A 2.5) sharing seven amino acids
inhibited the binding of mAb 3.B6 to the hNCI16A in a dose-
dependent manner (Fig. 3C). Thus, the mAb 3.B6 specifically
recognized an epitope present at subregion 2 of the hNC16A do-
main, which was also recognized by the serum derived from the
same donor (patient 3) (Fig. 3B).

Generation of rhigGl mAbs with mutations at Clq binding
sites and characterization of Clg-binding activity

After the binding activity of the IgG1 mAb 3.B6 was verified, site-
directed mutagenesis was introduced at the C1q binding sites in the
Cu2 domain of the rhIgG1 Fc region. Five independent residues
(E318, K320, K322, P329, and P331) were substituted with ala-
nine by single-site or multisite (E318 K320 K322 or P329 P331)
mutation in the Cy2 domain. Both IIF and Western blot analysis
demonstrated that all the mutated mAbs reacted to the hCOL17
NCI16A as specifically as the nonmutated mAb did (data not
shown). Kinetic analysis also demonstrated that the mutated mAbs
had similar affinity with the nonmutated IgG1 mAb 3.B6 (data not
shown).

In contrast, all the mutated mAbs demonstrated significantly
reduced binding ability to Clq compared with that of the non-
mutated mAb (p < 0.01) (Fig. 4). The binding abilities of E318A
and K320A were slightly lower than that of the nonmutated mAb.
No significant difference was observed between the two mutated
mAbs (p > 0.05). The K322A, E318A K320A K322A, and
P329A mAbs showed half the binding ability of the nonmutated
mAb. There were no significant differences among these three
mAbs (p > 0.05). Alanine substitution at position P331 or P329
P331 seemed to demonstrate the lowest C1g-binding capacity of
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FIGURE 2. Characterization of rhIgGl mAb
3.B6. Analysis on the specificity of mAb by IIF
assay shows that the mAb (green, FITC) deposits
linearly at the DEJ (white arrowheads) (skin
surface, white dotted line) of normal human (4)
and COL17-humanized (COLI7"™~"**) mouse
skin (B), but does not deposit in the wild-type
mouse skin (C). At the cellular level, the mAb
binds to the plasma membrane (green) of second-
passage normal human epidermal keratinocytes
(NHEXKS, P2) (D) and hCOL.17-293 cells (E), but
does not bind to 293 cells (negative control) (F).
Red shows nuclear staining by PI. Original
magnification X100 (A-C); X400 (E, F).

Normal human skin
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any of the mutated mAbs. These data indicate that P331 is the
most important residue for IgG1 Fe—Clq interaction, followed by
the P329, K322, K320, and E318 binding sites in the Clg-binding
motif of the Fc Cy2 domain:

In vitro characterization of the CDC and ADCC activities of
the mutated 1gG1 mAbs

To test the ability of the mutated IgGl mAbs to activate com-
plement cascade in vitro, CDC assay was carried out using the
hCOL17-293 cells as target cells. At 1:20 dilution of human serum
complement (HSC), the nonmutated mAb showed the highest CDC
activity (Fig. 54). The CDC activity of the two mutated mAbs
(E318A and K320A) was nearly half that of the nonmutated mAb,
followed in decreasing order by K322A, E318A K320A K322A,
and P329A. Their CDC activity was about one-third that of the
nonmutated mAb. The mutants P331A and P329A P331A showed
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very low CDC activity. When the HSC concentration was in-
creased, the percentage of CDC activity increased in the mutants
E318A, K320A, K322A, P329A, and E318A K320A K322A (Fig.
5B, 5C). In contrast, no obvious change was observed in the CDC
activity for P331A or P329A P331A, even at the highest HSC
concentration (Fig. 5C). Similar results were shown when mouse
serum complement was used instead of HSC (Fig. 5D-F). Taken
together, these results indicate that all five residues of the IgGl
Cy2 domain play at least moderate roles and that P331 is the most
important residue for activating complements in vitro.

To further investigate whether these mutations affect the Fc-
FcyR-mediated ADCC activity of the IgG1 mAbs, we analyzed
the mutated mAbs for ADCC activity using the hCOL17-293 cells
as target cells and normal PBMCs as effector cells. The mutated
mAbs (E318A, K320A, K322A, and E318A K320A K322A)
exhibited ADCC activity similar to that of the nonmutated mAb

B A T ST
e

<=~ NCI6A
- BNCI6A1-3
- 4r- BNCI6AT

<o KINCI6A2

(wu 0S+) A0 VSITA

-~ hNCI6A 2S5
~{3- BNC16A 3

- GST

0.001 0.01 i1 1 16
Concentration of inhibitor (ug/ml)

FIGURE 3. Epitope mapping of the IgG1 mAb 3.B6. A schematic map of hCOL17 (hBP180) showing the location of the hNC16A domain and the
subpeptides synthesized for epitope mapping studies (A). Western blot analysis reveals that the IgG1 mAb recognizes the following subpeptides: hNC16A
full-length (aa 490-562), hNC16A 1-3 (aa 490-534), hNC16A 2 (aa 506-520), and hNC16A 2.5 (aa 514-532) (B). Two subpeptides (hNC16A 1 and 3)
other than the abovementioned four are also recognized by the BP serum from the same donor (patient 3). In ELISA inhibition assay (C), the IgG1 mAb 3.
B6 (2.5 pg/ml) was incubated with the five subpeptides as inhibitor (10-0.005 pg/ml), with GST protein acting as negative control and hNC16A acting as
positive control. The index value of the binding of mAb 3.B6 to the full-length hNC16A was detected by ELISA at OD 450 nm. The three subpeptides
(hNC16A 1-3, hNC16A 2, and hNCI16A 2.5) almost completely inhibited the binding activity of the IgG1 mAb 3.B6 in a dose-dependent manner. No
significant difference in mean inhibitory activity was observed among the three subpeptides (p > 0.05 by two-way ANOVA test).
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FIGURE 4. Clg-binding activity of the mutated IgGl mAbs. The
ELISA Index value of Clq binding increases gradually with increases in
the IgG1 Ab. Maximal binding activity in descending order is nonmutated,
then E318A, K320A, K322A, E318A K320A K322A, P329A, P331A and
P329A P331A mutated mAbs. Mean index value is higher for the non-
mutated mAb than for any other mutated mAbs (p < 0.01 by two-way
ANOVA test). There is no significant difference in mean index value for
E318A versus K320A or for K322 versus E318A K320A K322A or P329A
(p > 0.05 by one-way ANOVA test). Significant difference is seen between
P331A and P329A P331A (p < 0.05 by one-way ANOVA test).

(Fig. 6). In contrast, the substitutions at P329 or P329 P331 almost
completely eliminated the ADCC activity of the mAbs (p < 0.01).
Alanine substitution at the P331 site partially decreased the ADCC

—H—Non-mutated —@i—E318A v~ K320A
—h—K322A —#—P329A —-P331A
——- E318A K320A K3224 —&— P329A P331A

1A

95

1B

65

7751

activity (p < 0.05). Altogether, these results suggest that P329 is
a critical residue for IgG1-FcyR interaction in vitro.

In vivo functional characterization of the nonmutated
and mutated IgGIl mAbs using a COLI7-humanized
(COL17™~'~* ) BP mouse model

To investigate the pathogenic activity of the nonmutated and
mutated IgG1 mAbs in vivo, we performed a passive-transfer
experiment using neonatal COL17-humanized (COLI7™ ™/~ #*)
mice that we had established recently (17). Forty-eight hours after
i.p. injection of the nonmutated IgG1 mAb (200 pg/g body
weight), eight of nine neonatal mice became erythematous and
showed BP-like skin blistering by gentle skin friction (Fig. 74,
Table III). Histopathologic examination of the recipient mouse
skin confirmed the formation of subepidermal blistering (Fig. 7B),
infiltration of lymphocytes and neutrophils (Fig. 7C), and de-
granulation of mast cells (Fig. 7D). DIF examination revealed the
linear deposition of human IgG (Fig. 84) at the BMZ, as well as of
mouse Clq (Fig. 8B) and C3 (Fig. 8C). Administration of the
lower dose of the nonmutated IgG1 mAb (100, 50, or 25 ng/g
body weight) resulted in a lower frequency of phenotypic changes
(five of seven, four of seven, or zero of five mice, respectively)
(Table III). ELISA analysis of the sera of recipient mice revealed
that the mean index value of the circulating anti-hCOL17 NC16A
IgG1 mAbs declined from 55.39 (200 pg/g body weight) to 43.74,
36.91, and 26.53 (100, 50, and 25 wg/g body weight, respectively).
Similar results were observed in positive control models with BP
patients’ IgG autoantibodies (data not shown) in which the BP
phenotype was induced as described previously (17).

Percent CDC activity (%)

651 4

351

0.04 01 1 10 0.64 0.1

1 10 0.04 0.1 1 10

Antibody concentration (pg/ml)

FIGURE 5.  Characterization of in vitro CDC activity for the mutated IgG1 mAbs. The nonmutated mAb has the highest percent CDC activity (p < 0.01
by one-way ANOVA test) at HSC dilution of 1:20 (4), 1:10 (B), and 1:5 (C), as well as at murine serum complement dilutions of 1:20 (D), 1:10 (E), and 1:5
(F). E318A and K320A have significantly higher CDC activity than K322A, P329A, and E318A K320A K322A (p < 0.01 by two-way ANOVA test). No
significant difference in the mean percent activity is seen for E318A versus K320A or for K322A versus P329A or versus E318A K320A K322A (p > 0.05
by one-way ANOVA test). P331A and P329A P331A show no CDC activity. Significant differences are seen for the two mAbs versus the other mAbs p<

0.01 by two-way ANOVA test).
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FIGURE 6. Characterization of in vitro ADCC activity for the mutated
1gG1 mAbs. In IgG1 mAb-dependent cell-mediated cytotoxicity (ADCC)
assay, normal human PBMCs were applied as the effector cells, and
hCOL17-293 cells were the target cells. No significant differences in
ADCC percent activity are shown for the E318A, K320A, K322A, and
E318A K320A K322A versus the nonmutated mAbs (p > 0.01 by one-way
ANOVA test). ADCC activity is higher for these four mAbs than for
P331A (p < 0.05 by two-way ANOVA test). The mAbs P329A and P329A
P331A show almost no ADCC activity, and significance differences are
observed versus the others and nonmutated mAb (p < 0.01 by two-way
ANOVA test).

In contrast, IlgG1 mAbs with the double-site mutation (P329A
P331A) completely failed to induce the BP phenotype (zero of
eight mice) at the highest dose (200 pg/g body weight), whereas
1gG1 mAbs with single-site mutation (P329A or P331A) showed
significantly reduced pathogenic capability (one of seven or one of
eight mice, respectively) compared with nonmutated IgG1 mAb
(p < 0.01) (Figs. 7I-L, 8G-I, Table III). The other three IgG1
mAbs with a single-site mutation (E318A, K320A, or K322A) that
showed high or moderate complement activity in vitro elicited
skin detachment in the majority of mice at the highest dose (200

Non-mutated mAb
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pg/g body weight) and demonstrated pathogenic activities in
a dose-dependent manner as was true for the non-mutated IgG1
mAb (Figs. 7TE-H, 8D-F). There were no significant differences in
positive ratio of skin detachment between these three mAbs and
the nonmutated mAb (p > 0.05) (Table III). No significant dif-
ferences were observed in the hCOL17 NCI16A-ELISA index
values (mean values) of the circulating human IgG Abs in the
recipient sera among the mutated or nonmutated IgGl mAb
models at the dose of 200 png/g body weight (p > 0.01).

Discussion

This study provides, to our knowledge, the first direct evidence that
human IgGl Abs against hCOL17 NCI16A can induce sub-
epidermal blisters in vivo. BP phenotypic features, including
dermal-epidermal separation, deposition of IgG1 Abs Clq and C3,
recruitment of neutrophils, and degranulation of mast cells, were
successfully reproduced in COL17-humanized (COLI7™™™ *)
mice by the administration of human IgG1 mAbs against human
COL17 NC16A, although the components of the immune system,
such as complements and inflammatory cells, are still of murine
origin in this experimental model.

It is well known that various IgG subclasses have distinct func-
tional properties. IgG1 and IgG3 are the most effective complement
activators, whereas IgG4 is not capable of fixing complements (40).
Previous clinical studies demonstrated that IgG1 and IgG4 auto-
antibodies are major IgG subclasses of BP patient autoantibodies
and that IgG2 and IgG3 are minor subclasses of BP patient auto-
antibodies (5, 7, 28). In vitro analysis using cryosections of human
skin and leukocytes from healthy volunteers demonstrated that
IgG1 autoantibodies purified from BP sera showed much stronger
pathogenic activity than that of IgG4 autoantibodies (41). How-
ever, there has been no direct evidence of pathogenic activity of
IgG1 autoantibodies in a BP model in vivo. Our group and others
have successively reproduced BP phenotypes in COL17-human-
ized mice by administering IgG autoantibodies prepared from
BP patients (15, 17). However, these autoantibodies were poly-

FIGURE 7. Pathogenic activity in vivo of the nonmutated and mutated IgG1 mAbs. The neonatal COL17-humanized (COLI7" ™/~ #*) mice were i.p.
injected with the nonmutated IgG1 mAb (200 pg/g body weight) or the mutated IgG1 mAbs E318A and P329A P331A (200 ng/g body weight). Forty-
eight h later, pathogenic activity was determined by skin blistering test and histology biopsy of back skin including H&E and toluidine blue staining. Skin
blistering is positive for the nonmutated and E318A mAbs models (A, E) and negative for the P329A P331A model (/). H&E staining shows epidermal
detachment (black arrowheads) at the DEJ in the nonmutated (B) and E318A (F) mAbs models but not in the P329A P331A model (J). The numbers of
neutrophils (black arrowheads) and degranulated mast cells (black arrowheads) infiltrating the dermis are more greatly reduced in the P329A P331A (K, L)
model than in the nonmutated (C, D) and E318A (G, H) models. Red arrowheads indicate normal undegranulated mast cells. Original magnification X100

(B, F, J); X200 (D, H, L); X400 (C, G, K).
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Table IIl.  Pathogenic activity of the non-mutated and mutated IgGI
mAbs against hCO17 NCI6A in the COLI7-humanized (COL17™~/~h%)
BP mouse model

Mice with Skin Detachment?, for Each
Injection Dosage (j.g/g Body Weight)

Abs 200 pg 100 pg 50 pg 25 pug
Nonmutated 8/9 517 4/7 0/5
Mutated
E318A 4/6 2/5 0/5 0/4
K322A 5/8 2/6 1/6 1/5
E318A K320A K322A 3/7 2/6 0/5 0/5
P329A 177 1/5 0/4 0/5
P331A 1/8 077 0/6 0/5
P329A P331A 0/8 0/5 0/4 0/6
Normal human® 0/6 — — —

“Skin blistering test performed at 48 h in neonatal mice.
*Human IgG purified from serum in single normal volunteer.

clonal IgG containing all four IgG subclasses. In this study, we
have directly demonstrated that anti-hCOL17 NC16A IgG1 mAb
has pathogenic activity in vivo by using COL17-humanized
(COLI7™™™ "y BP model mice. As previous clinical studies on
BP (5, 7, 28), our results further support the notion that IgGl
autoantibodies against hCO17 are potent and possibly the main
pathogenic IgG autoantibodies in BP.

Previous studies have demonstrated that activation of the com-
plement pathway is a pivotal step in the BP pathomechanism (17,
18, 42). By comparing nonmutated and/or mutated IgG1 mAbs in
terms of pathogenic activity, we have precisely analyzed the roles
of Clg-binding residues of the IgGl Fc region (E318, K320,
K322, P329, and P331) in initiating complement activation both
in vitro and in vivo. These results are consistent with previous
mutagenesis studies that showed that these binding residues are
required for complement activation in vitro (22, 25, 27). The al-
anine substitution at these five single-residue sites variously de-
creased the CDC activity of the IgGl mAb against hCOL17
NCI16A. The IgGl mAb that was mutated at P331 showed low
CDC activity in vitro, and it failed to produce a BP phenotype in
the COL17-humanized (COLI7"~'~* **) mice. In contrast, the
IgGl mAbs mutated at K322 or at E318 K320 K322 showed
moderate CDC activity in vitro and high (K322) to moderate
(E318 K320 K322) pathogenic activity in vivo. The other mutated

FIGURE 8. Capability of activating complement
in vivo for the non-mutated and mutated IgG1 mAbs.
In these three models (Fig. 7), 48 h after injection of
the IgG1 mAbs, the complement activation capability
was determined by DIF of human IgG and mouse
complement components C1q and C3. All three of the
mAbs (nonmutated IgG1, mutated E318A, and mu-
tated P329A P331A) deposit at the DEJ (white ar-
rowheads) (skin surface, white dotted line) of mouse
skin (A, D, G). Mouse complement components Clq
and C3 (green, FITC) are activated by the nonmutated
(B, C) and E318A mAbs (E, F) but not by P329A
P331A (H, D) at the DEJ (white arrowheads). Original
magnification X200 (A-I).

Non-mutated mAb

E318A mAb

P329AP331A mAb

Human IgG
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mAbs (E318A and K320A), which showed high CDC activity
in vitro, showed high pathogenic activity in vivo. The results of
in vivo pathogenic activity and in vitro CDC and ADCC activities
are summarized in Supplemental Table III. The findings suggest
that the moderate CDC activity of mutated mAbs is sufficient to
induce skin detachment in neonatal COL17-humanized mice and
that the P331 residue is the key residue for complement activation
and is required for the pathogenic activity of IgG1 mAb in vivo.
Thus, complement activation ability seems to correlate with the
pathogenic effects of the mutated IgGl1 mAbs in COL17-hu-
manized mice (Fig. 5, Table III). Taken together, these findings
further suggest that IgG1 Fc-dependent complement activation
plays a major pathogenic role in subepidermal blister formation in
BP.

In the classical complement pathway, Clq binding to IgGl
triggers proteolytic cascades, which result in the generation of
a large amount of C3b. This explains why the immunofluorescence
intensity of mouse C1q was weaker than that of mouse C3 in DIF
examinations of mouse models, as shown in Fig. 8. In addition to
C3b being capable of generating membrane attack complexes as
the opsonin, it induces various inflammatory reactions by binding
to the complement receptors expressed on the effector cells, such
as granulocytes, monocytes, neutrophils, or mast cells (43-45). In
our BP mouse model, inflammatory cells, such as mast cells,
neutrophils, and lymphocytes, are observed at the dermis. It has
been demonstrated that C3 binding to complement receptors stim-
ulates activation and chemotaxis of neutrophils and/or mast cells
(46). Mast cells can produce various mediators, such as leuko-
trienes, platelet-activating factor, and cytokines, that contribute
directly or indirectly to neutrophil recruitment (47, 48). The neu-
trophils recruited into skin then releases elastase and gelatinase B,
damaging the BMZ (49, 50). These data suggest that subepidermal
blistering is mediated by a complement-dependent cellular (mast-
cell and neutrophil) cytotoxicity pathway.

In addition to IgG1 Abs activating complement cascades, they
may directly recruit and activate effector cells via the interaction
between the Fc region and reciprocal FcyRs. In this study, we
analyzed the Fc-FcyR-mediated ADCC activity of IgG1 mAbs.
That activity was fully defective in the IgG1 mAb that was mu-
tated at P329, and the mutation at P331 moderately reduced the
activity of the IgG1 mADb (Fig. 6). In contrast, the other mutated
mAbs (E318A, K320A, K322A, and E318A K320A K322A)

Mouse Clg Mouse C3
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showed similar ADCC activity to that of the nonmutated IgG1
mAb. These results indicate that P329 is a key residue in IgG1-
dependent ADCC reaction and that P331 plays a minor role in that
process. A site-directed mutagenesis study also demonstrated that
alanine substitution at the P329 residue causes the dual deficien-
cies of ADCC and CDC activity in vitro (25). If we focus on the
pathogenic activity of IgG1 mAbs in BP, our mutagenesis studies
suggest that Fc-FcyR—mediated ADCC activity may have con-
tributed to the blister formation. In this study, in vitro CDC
analysis showed that P329A and K322A had similarly moderate
CDC activity (Fig. 5) but mutually distinct ADCC activity (Fig.
6). K322A showed normal ADCC activity, and P329A was in-
capable of triggering the ADCC reaction. Our in vivo results
showed almost no skin detachment for the P329A-mutated mAb
(one of seven mice) but some skin detachment for the K322A
mAb (five of eight mice) (Table III). These results suggest that the
ADCC (FcyR-dependent immune reaction) plays a minor but
augmenting role in IgG1-dependent blister formation. This con-
cept is further supported by a previous report by Mihai et al. (41)
in which the pathogenicity of BP IgG1 and IgG4 autoantibodies
was amplified by the additional recruitment of neutrophils and
mast cells via Fc—FcyR interaction.

Recently, our group has used a phage display technique to develop
a monoclonal Fab Ab against hCOL17 NC16A from BP patients
(51). The monoclonal Fab Ab lacked pathogenic activity when
administrated to neonatal COL17-humanized (COLI7" /™ 1)
mice. Furthermore, the monoclonal Fab Ab competitively pro-
tected the COL17-humanized (COLI7"~'~ **) mice from the
blister formation that would normally be induced by IgG auto-
antibodies prepared from BP patients. These results are consistent
with our current study, and they further suggest the crucial role of
the IgG1 Fc region in BP pathomechanism. In addition, complete
IgG1l Ab has a longer half-life than Fab Ab in vivo (52, 53).
Therefore, our current study raises the possibility that complete
IgG1 mAbs with mutation at the C1q binding sites of the Fc region
would protect the pathogenic epitopes from attack by the auto-
antibodies not only in BP but also in other autoimmune diseases in
which complement activation plays an essential role.

In conclusion, to our knowledge, this study is the first in vivo
evidence that IgG1 Abs targeting hCOL17 NC16A alone can trig-
ger blister formation, and it suggests that IgG1l-dependent com-
plement activation via IgG1 Fc~Clq interaction plays a crucial role
in BP.
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Two cases of cutaneous sporotrichosis in
continental/microthermal climate zone: global
warming alert?

doi: 10.1111/5.1365-2230.2010.03795.x

Sporotrichosis is commonly encountered in tropical and
subtropical areas, but rarely in continental/microthermal
climate zones as defined by the Képpen-Geiger Climate
Classification.” We report two cases of cutaneous sporotri-
chosis in Hokkaido, an island in the continental/micro-
thermal climate zone in Japan.

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

Patient 2 was a 55-year-old man, who presented in 2002
with a chronic erosive nodule measuring 20 X 10 mm on
the left mandible, which had been present for over 1 year
on 2002 (Fig. 1b). He was working as a carpenter in
Hokkaido, and had never lived in any other part of the
country. Histopathological analysis found prominent
epidermal hyperplasia and a chronic granulomatous
inflammatory cell infiltrate. PAS and GMS stained round
yeast-like cells scattered throughout the dermis. Cultures of
the biopsied tissue samples grown on Sabouraud dextrose
agar produced dark-brown velvety colonies. Slide cultures
from the colonies contained septate, branching hyphae.
Sporotrichin skin test gave a positive reaction.

Cutaneous sporotrichosis is a fungal infection commonly
encountered in tropical and subtropical areas.® In Japan,
> 3500 cases of cutaneous sporotrichosis were reported as

of 2001 on Honshu Island, which falls in the temper-
ate/mesothermal climate zone.? By contrast, no case reports
were reported from Hokkaido in English journals before
2004. Similarly, few cases have been reported in other
continental/microthermal climate zone around the world,>
suggesting that cutaneous sporotrichosis is extremely rare in
that zone. This geographical difference in reported cases may
be due to the fact that Sporothrix schenckii, the pathogenic
fungus that causes sporotrichosis, prefers moderate temper-
atures (around 22 °C).* The yearly temperature in Hokkaido

Figure 1 (a) Patient 1. Nodule and papule on the left upper eyelid.
(b) Patient 2. Nodule on the left mandible.

© 2010 The Author(s)

668 Journal compilation © 2010 British Association of Dermatologists e Clinical and Experimental Dermatology, 35, 668-676

—454—



averaged for the years 2000-2008 was 9.1 °C, so these
results further suggest that S. schenckii rarely occurs in
Hokkaido. Interestingly, three cases of cutaneous sporo-
trichosis, including our two, have been reported from
Hokkaido in the Japanese literature since 2000, whereas
only one case was recorded before 2000. We suggest that
the prevalence of cutaneous sporotrichosis in Hokkaido
may be increasing as a result of recent global warming.

Acknowledgement

We thank Dr H. I. Shibaki for technical assistance with the
cultures.

D. Inokuma, A. Shibaki and H. Shimizu

Department of Dermatology, Hokkaido University Graduate School of
Medicine, N15 W7, Sapporo 060-8638, Japan

E-mail: inokuma@med.hokudai.ac.jp

Conflict of interest: none declared.

Accepted for publication 7 December 2009

References

1 Bustamante B, Campos P. Endemic sporotrichosis. Curr Opin
Infect Dis 2001; 14: 145-9.

2 Kikuchi I, Morimoto K, Kawana S et al. Usefulness of
itraconazole for sporotrichosis in Japan: study of three
cases and literature comparison of therapeutic effects before
and after release on the market. Eur ] Dermatol 2006; 16:
42-7.

3 Bargman H. Successful treatment of cutaneous sporotri-
chosis with liquid nitrogen: report of three cases. Mycoses
1995; 38: 285-7.

The Fas/Fas ligand system, rather than granzyme B,
may represent the main mediator of epidermal
apoptosis in dermatomyositis

doi: 10.1111/1.1365-2230.2010.03808.x

We read with interest the paper by Grassi et al.* reporting
an immunohistochemical study on cutaneous lesions of
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lupus erythematosus (CLE) and dermatomyositis (DM).
A particularly interesting finding was that the expression
of granzyme B (GrB), a pro-apoptotic serine-protease, was
higher in CLE rthan in DM lesions. As GrB is mainly
expressed by CD8+ lymphocytes, we were puzzled to read
that ‘in DM, the CD8+ subpopulation represented > 50% of
the lymphocytic population’.! This finding is in striking
contrast to a study in which our research group found that
the CD4/CD8 ratio is approximately 2.5 in DM skin
lesions.? On the other hand, the number of infiltrating
CD8+ cells was reported to be similar to that of the CD4+
cells in CLE in both papers.!? As previous studies also
reported a similar level of apoptotic phenomena in lesional
epidermis in both CLE and DM,>* it is evident that GrB is
not likely to represent a major mechanism of cell death in
DM lesions.

We report the results from an ongoing study on skin
lesions of six patients with DM, five patients with subacute
CLE (SCLE) and five patients with discoid CLE (DLE). The
sun-protected, clinically healthy skin of the patients served
as internal controls, and five healthy donors comprised the
control group. Immunohistochemical examination, per-
formed as described previously,? included antibodies to Bax,
a pro-apoptotic molecule involved in the mitochondrial
pathway of apoptosis and activated by GrB; Bcl-2, its
antiapoptotic counterpart also belonging to the mitochon-
drial pathway; Fas and Fas ligand (Fas-L), two key
molecules triggering the death receptor pathway of apop-
tosis; and caspase 3, the final effector of both pathways. The
following monoclonal antibodies were used. Bax: 1 : 500
dilution, clone YTH-2D2 (R&D Systems, MN, USA); Bcl-2:
1:1000 dilution, clone 124 (Dako, Copenhagen, Den-
mark); Fas: 1:60 dilution, clone GM30 (Novocastra
Laboratories Ltd., Newcastle upon Tyne, UK); FasL):
1 : 50 dilution, clone 5D1 (Novocastra); caspase 3: 1 : 50
dilution, clone 5A1 (Cell Signaling, Danvers, MA, USA).

There was higher expression of Bax than of Bcl-2 in
patient epidermis (Table 1). Fas was strongly expressed in
epidermal sections from patients with DM (Fig. 1a) and CLE,
and there was focal positivity in the healthy skin of these
patients. Caspase 3 was expressed strongly in all lesional
specimens and moderately in the healthy skin of patients.

Table 1 Semiquantitative evaluation of apoptotic molecules in lesional sections and controls.

DM DM-HS SCLE SCLE-HS DLE DLE-HS HC
Bax +4 ++ 4+ ++ +pt + +
Bcl-2 + + + + ++ + +
Fas +H+ + +++ + + + -
FasL ++ + e+ + ++ + -
Caspase 3 b ++ +++ ++ +++ ++ +

DM, lesional epidermis of dermatomyositis; DM-HS, epidermis of sunprotected healthy skin from patients with DM; SCLE, lesional epidermis
of subacute cutaneous lupus erythematosus; SCLE-HS, epidermis of sunprotected healthy skin from patients with SCLE; DLE, lesional
epidermis of discoid cutaneous hupus erythematosus; DLE-HS, epidermis of sunprotected healthy skin from patients with DLE; HC, epidermis
of sunprotected healthy skin from healthy controls. Semiquantitative evaluation of epidermal positivity for Bax, Bcl-2, Fas and caspase 3: —,
negative; +, focal; ++, continuous basal; +++, basal and suprabasal. Semiquantitative evaluation of dermal positivity for FasL: —, negative;

+, 0=5 cells; ++, 6-10 cells and +++, > 10 cells).
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Note the abundant staining in the basal epidermis and
dermal inflammatory cells. (Original magnification: X100.)
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Aleukemic leukemia cutis with extensive bone
involvement

To the Editor: Aleukemic leukemia cutis (ALC) is a
rare condition that is characterized by the invasion of
leukemic cells into the skin before such cells are
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Fig 1. A slightly violaceous nodule on the middle aspect
of the left thigh.

Fig 2. Skin biopsy findings. A, Dense, nodular, diffuse
infiltrate of monotonous uniform cells involving the der-
mis and subcutaneous fat. B, A nodule of cells with round
nuclei; prominent single or multiple nucleoli; abundant
pale, slightly eosinophilic cytoplasm; and a number of
atypical mitotic figures.

observed in the peripheral blood." We present a case
of ALC with multiple bone metastases.

An 8l-year-old man had a 2-month history of
asymptomatic nodules on his trunk and legs. The
physical examination revealed five subcutaneous
nodules measuring up to 10 mm in size on his
back and legs and a firm, slightly violaceous nodule
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