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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.
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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]GIcCer and 181% increase at ['“C]GlcCer, respectively). It is
noteworthy that ['“C]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
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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 p.g/ml insulin, and 0.4 pg/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 j.Ci) (B) or [“C]galactose (5 pCi) (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
mADb against hCOL17 NC16A from BP patients. In COL17-humanized mice, this mAb effectively reproduced a BP phenotype that
included subepidermal blisters, deposition of IgG1, C1q and C3, neutrophil infiltration, and mast cell degranulation. Subsequently,
alanine substitutions at various C1q binding sites were separately introduced to the Fc region of the IgG1 mAb. Among these mutated
mADbs, 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 Inmunology, 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-
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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 Clq,
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). C1g-binding
amino acid residues underlie IgG—C1q 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 C1q and IgG Fc region is an
initial step in CDC reaction to pathogens (23). The constant 2
(Cx2) domain is the crucial region for Clq binding to the IgG Fc
region (24, 25). Mapping studies of Clqg-binding residues have
demonstrated that the three spatially close sites (K322, P329, and
P331) constitute the binding epicenter in the human IgG1 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 IgG4
autoantibodies in BP sera, with IgG2 and IgG3 being detected in
aminority 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 (th)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 COLI17-
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

PBMCs 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 pg/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
rthCOL17 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 I1gG1 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, . » 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 rhigGl 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 uM filters (Mil-
lipore, Bedford, MA). Purification was performed on HiTrap Protein G
column (GE Healthcare). The eluted IgG in 1 M glycine-HCI (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 IgGl mAbs

Alanine substitutions were incorporated into the human IgGl 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 I. 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 pg/
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 pwg/ml hygromycin B and 10% FBS. The pro-
cedures were handled according the manufacturers’ recommendations.

Epitope mapping of the IgG1l mAb

We synthesized the N terminus half (hWNC16A 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 pg/ml) was incubated with
the 0.5 pg/lane GST-fusion proteins that were transferred to a 0.2-pm
nitrocellulose membrane (Bio-Rad, Richmond, CA) for storage at 4°C
overnight. Inmunoblots 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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Table 1. General RT-PCR primers for cloning variable genes (V) and the mutagenic primers for substituting alanines at Clq

binding sites

Primers for k-chain

HKS5 GAMATYGAGCTCACSCAGTCTCCA

HK3 GCGCCGTCTAGAACTAACACTCTCCCCTGTTGAAGCTCTTTGTGACGGGCAAG
Primers for A-chain

HLS CASTYTGAGCTCACKCARCCGCCCTC

HL3 GAGGGATCTAGAATTATGAACATTCTGTAGG
Primers for Fd

H, 3 CAGGTGCAGCTGGTGSAGTCTGG

H, CAGGTCAACTTGAAGGAGTCTGG

H, CAGGTGCAGCTGCAGGAGTCGGG

Vus CAGGTGCAGCTCGAGSAGTCTGG

HG3 GCATGTACTAGTTTTGTCACAAGA

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

Multisite mutagenic primers
E318A K320A K322A
P329A P331A

TGGCTGAATGGCAAGGCGTACAAGTGCAAGGTC
GCTGAATGGCAAGGAGTACGCGTGCAAGGTCTCCAACAAA
GCAAGGAGTACAAGTGCGCGGTCTCCAACARAGCCC
CAACAAAGCCCTCGCAGCCCCCATCGA
AGCCCTCCCAGCCGCCATCGAGAAAACC

GACTGGCTGAATGGCAAGGCGTACGCGTGCGCGGTCTCCAACAAAGCCCTC
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 C1q 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, ; 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-\-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 rhIgG1 mAbs in the culture supernatant. ELISA
analysis showed that the rIgG1 mAb from the clone 3.B6 recog-
nized hCOL17 NC16A (index value [mean * SD]: 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
rIlgGl mAb 3.B6 reacted with the BMZ of normal human (Fig.
24) and COLI17-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 wg/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 A%N VLI1-JL3b VH, 3 VHI1-D4-JH6
1L.FS Vi VK1-JK3 VH , VH2-D6-JH4
7.H8 V. VK1-JK2 VH, 3 VH3-D5-JH6

B6 had high affinity for Kp=5.3 X 107" M (K4=1.9 X 107* 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, hNC16A 2, and hNC16A
2.5 (Fig. 3A, 3B). Binding inhibition assays demonstrated that two
peptides (h(NC16A 2 and hNC16A 2.5) sharing seven amino acids
inhibited the binding of mAb 3.B6 to the hNC16A 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
Cy2 domain of the thIgG1 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 C1q-binding capacity of
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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
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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 1gG1 mAbs using a COL17-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 IgGl mAb (200 ng/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 pg/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 pg/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).

—— Non-mutated —#—E318A - K320A
—h—K322A —A—P329A -~ P331A
—i- E318A K320A K322A e P329A P331A
= 1A iB
65} 4
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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 (A), 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
IgG1 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, IgG1 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
IgG1 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 IgGl
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

)
<
E
<
=
&

P329A P331A mAb

ng/g body weight) and demonstrated pathogenic activities in
a dose-dependent manner as was true for the non-mutated IgG1
mADb (Figs. 7E-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 NC16A-ELISA index
values (mean values) of the circulating human IgG Abs in the
recipient sera among the mutated or nonmutated IgG1 mAb
models at the dose of 200 pg/g body weight (p > 0.01).

Discussion

This study provides, to our knowledge, the first direct evidence that
human IgG1 Abs against hCOL17 NC16A 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-

4

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 pg/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 (4, 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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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 IgGl 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
mAD (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™/~ "*)
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
IgGl 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 Clq 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 IgG1-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/j.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 Koppen—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)
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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.
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The Fas/Fas ligand system, rather than granzyme B,
may represent the main mediator of epidermal
apoptosis in dermatomyositis

doi: 10.1111/.1365-2230.2010.03808.x

We read with interest the paper by Grassi et al.' reporting
an immunohistochemical study on cutaneous lesions of

Correspondence

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 ++ ++ +++ ++ +++ + +
Bcl-2 + + + + ++ + +
Fas +++ + ++ + +++ + -
FasL ++ + e + ++ + -
Caspase 3 +++ ++ +4+ ++ +++ 4 +

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 lupus 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).

© 2010 The Author(s)
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Fig 2. Immunohistochemistry of skin for angiopoietin-2.
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

Letters 539

Fig 1. A slightly violaceous nodule on the middle aspect
of the left thigh.

i€

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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Fig 3. A positron emission tomography scan reveals
extensive high-density areas in the bone and in the
subcutaneous tissue of the trunk and the extremities,
suggesting multiple metastases.

measuring 20 mm in diameter on the middle aspect
of his left thigh (Fig 1). A complete blood cell count
and chemical analysis - showed no pathologic
changes. Histopathologic examination of a skin
biopsy specimen revealed a dense, nodular, diffuse
infiltrate of monotonous uniform cells with round
nuclei, prominent single or multiple nucleoli, and
abundant pale, slightly eosinophilic cytoplasmic
cells throughout the dermis and subcutaneous fat
(Fig 2, A). A number of atypical mitotic figures were
seen (Fig 2, B). The tumor cells were positive for
leukocyte common antigen, CD68, and myeloper-
oxidase. A histologic diagnosis of myeloid leukemia
cutis with possible monocytic lineage was made.
However, bone marrow aspiration showed neither
an increase in blasts nor abnormal cell infiltration,
and repeated peripheral blood cell counts were
normal, with no atypical cells. A diagnosis of ALC
was established. Positron emission tomography
(PET) revealed extensive high-density areas in the

] AM AcaDp DERMATOL
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bone and subcutaneous tissue, suggesting multiple
metastases (Fig 3). Seven weeks after his first visit, a
peripheral blood cell examination disclosed 8%
atypical monocytic cells, suggesting a diagnosis of
acute myeloid leukemia. The patient refused other
studies and died 1 week later.

ALC is a rare form of leukemia with a poor
prognosis. The term “aleukemic” has been used to
designate a form of leukemia in which there are no
leukemic cells in the blood.? ALC precedes periph-
eral blood or bone marrow abnormalities at least
1 month before the systemic findings. Once leuke-
mic cells appear in the peripheral blood or bone
marrow, the mean survival time ranges from 3 to
30 months.>* The clinical features of ALC include
multiple papules, nodules, or infiltrated plaques with
a red-brown or plum-colored surface. Histologic
findings show the infiltration of leukemic cells in
the dermal or subcutaneous tissues. The cytologic
features of the tumor cells include large, vesicular
nuclei and multiple prominent nucleoli.® Because of
the rarity of the disease, there is no consensus on the
treatment of choice for ALC; radiotherapy, chemo-
therapy, and total body electron therapy have
achieved variable results."*® A study by Chang
et al* of a large group of ALC patients showed that
the most common extramedullary site of involve-
ment after the skin (31 of 31 patients) was the lymph
nodes (8 of 31 patients) followed by the spleen (2 of
31 patients). Although no reports of a clinical pre-
sentation of ALC with multiple sites of bone infiltra-
tion were found in a thorough search of the English-
language literature, extramedullary leukemia is
known to occur in bone.’ We emphasize that
the routine assessment of a patient with ALC
should include systemic investigations such as PET,
taking into consideration the possibility of bone
involvement.
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Onychopapilloma presenting as longitudinal
leukonychia

To the Editor: Onychopapilloma is an uncommon
benign nail neoplasm characterized histologically by
distal subungal hyperkeratosis and nail matrix met-
aplasia of the nail bed with marked papillomatosis.
The majority of cases present clinically as localized
longitudinal erythronychia. We report a case of
onychopapilloma presenting as localized longitudi-
nal leukonychia.

A 50-year-old woman was referred for the evalu-
ation of dystrophy of the right third fingernail. The
nail plate had split distally for several years. Her
medical history was noncontributory. The physical
examination revealed a 1-mm wide band of longitu-
dinal leukonychia with a slight longitudinal ridge on
the right third fingernail. No erythronychia was
present. Distally, there was a V-shaped notch and
split, with a keratotic 1-mm papule at the hyponych-
ium (Fig 1). The other nails were normal. Lateral nail
plate curl avulsion exposed a longitudinal ridge
extending from the midmatrix onto the nail bed. A
longitudinal biopsy from matrix to hyponychium was
performed. On histologic examination, the nail bed
exhibited slender, elongated, and hyperplastic rete

Letters 541

Fig 1. Fingernail with a 1-mm wide band of longitudinal
leukonychia and distal V-shaped splitting, onycholysis,
and a keratotic papule at the free edge of the nail.
Dermatoscopy highlights these findings (inset).

ridges with underlying fibrosis and thickening of the
fibrovascular dermal stroma. Upper nail bed kerati-
nocytes were large and exhibited ample pink cyto-
plasm similar to the nail matrix keratogenous zone.
Hyperkeratosis was seen at the hyponychium (Fig 2).
A periodic acid—Schiff test did not reveal fungal
elements. These findings were consistent with the
diagnosis of onychopapilloma.

Onychopapilloma was first reported in 1995 by
Baran and Perrin,! who described four cases of “distal
subungual keratosis with multinucleate cells.” The
term “onychopapilloma” was later coined in 2000
when the authors reported a second series of 14 cases
with similar clinical and histopathologic features.
Key among these features were the upper cell layers
in the nail bed epithelium exhibiting abundant eo-
sinophilic cytoplasm resembling the nail matrix ker-
atogenous zone, and was thought to indicate matrix
metaplasia of the nail bed epithelium. Additional
findings included acanthosis and papillomatosis of
the distal nail bed epithelium. Multinucleated cells
were found variably. In both series, all lesions
presented as either longitudinal erythronychia or
longitudinal bands of splinter hemorrhages, several
of which were associated with distal onycholysis.
Other occurrences of suspected onychopapilloma
have been reported, including one case representing
solitary nail bed lichen planus, and also in the
spectrum of localized longitudinal erythronychia.?
In addition to onychopapilloma, the differential
diagnosis for localized longitudinal erythronychia
includes Bowen disease,*? and histologic investiga-
tion is often warranted.
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Squamous Cell Carcinoma in a Chronic Genital Ulcer in Behget’s Disease
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Behget’s disease (BD) is a chronic inflammatory disease
characterized by oral aphthae, genital ulcers, non-bac-
terial folliculitis, erythema nodosum and uveitis. The
genital ulcers are characterized by clear demarcation,
great depth and pain. They heal and recur, leaving scar-
ring. In a chronic BD ulcer, squamous cell carcinoma
(SCC) may develop at the scar site, as is the case with
other chronic ulcers that are predisposed to malignancy.
However, no cases have been reported in which SCC in
situ has developed on a chronic genital ulcer in a patient
with BD. We describe such a case here.

CASE REPORT

A 74-year-old woman presented with a 2-year history of erosive
plaques in the genital region. The lesions had gradually enlarged
during the previous 6 months. She had a 20-year history of re-
peated oral aphthae, genital ulcers and erythema nodosum. BD
had been diagnosed 20 years previously. Oral corticosteroids
(10 mg/day) had been administered since the initial diagnosis.
Furthermore, 6 years prior to presentation, SCC had been obser-
ved on her buccal mucosa, for which she had received radiation
therapy. No local recurrence had been observed.

Upon physical examination, pale-red, well-demarcated, flatly
elevated lesions were extensively found symmetrically on the
labia majora. The lesions were partially papillomatous and
erosive (Fig. 1). Clinically, the vaginal and urethral mucosa
showed no evidence of tumour spreading.

Fig. 1. Clinical features of the tumour. Well-demarcated, slightly reddish,
partly papillomatous tumour presents, mainly on the labia majora.

© 2010 The Authors. doi: 10.2340/00015555-0902
Journal Compilation © 2010 Acta Dermato-Venereologica. ISSN 0001-5555

A punch biopsy from the large plaque on the right labium
majus showed proliferation of atypical keratinocytes within
the acanthotic epidermis; however, the epidermal basement
membrane was unaffected.

Routine laboratory examinations including that of serum SCC
antigen were normal. Additionally, a computed tomography
scan showed no evident distant metastasis, including of the
regional lymph nodes. Therefore, the lesion was excised with at
least a 1-cm margin. The surgical specimen showed neoplastic
proliferation of squamous differentiated tumour cells with
dyskeratotic and atypical keratinocytes (Fig. 2a). There was
no evidence of dermal invasion by tumour cells (Fig. 2b). The
tumour cells tested negative for anti-human papillomatous virus
(HPV) antibody by immunostaining; furthermore, HPV DNA
was not detected by PCR. We diagnosed this case as SCC in
situ. The patient was disease-free 6 months after surgery with
no recurrence or metastasis.

DISCUSSION

It is extremely rare for a cutaneous neoplasm to develop
in cases of BD (1). To the best of our knowledge, only
one such case has been reported, in which a patient with
BD subsequently developed a Merkel cell carcinoma
on the left forearm (2). The authors of that report sug-
gested that immunosuppression due to the treatment for
BD might have triggered the Merkel cell carcinoma,
although the occurrence of BD with solid tumours tends
to be regarded as coincidental.

Fig. 2. (a) Neoplastic proliferation of squamous differentiated tumour cells
with dyskeratotic and atypical keratinocytes only in the epidermis. These
typical keratinocytes and mitoses are scattered throughout the all layers
(haematoxylin and eosin; H&E). (b) There is no evidence of dermal invasion
by tumour cells (H&E).

Acta Derm Venereol 90
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Conditions known to be associated with increased
risk of SCC in situ include therapeutic immunosup-
pression, arsenic exposure, irradiation, burn scarring,
and HPV infection. In addition, HPV infection has been
identified in erythroplasia of Queyrat, an intraepidermal
carcinoma of the penis (3).

In our case, the refractory genital ulcer and long-term
administration of oral corticosteroids may have contri-
buted to the development of the SCC. Interestingly, our
case also had a history of SCC on the buccal mucosa.
The incidence of SCC in situ in patients with BD may
be rarer than that in lichen planus or lichen sclerosis et

Acta Derm Venereol 90

atrophicus patients, given that similar cases have not
been reported in patients with BD.
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Topical application of dehydroxymethylepoxy-
quinomicin improves allergic inflammation via
NF-xB inhibition

To the Editor:

Atopic dermatitis (AD) is a chronic, relapsing inflammatory
skin disease with significant morbidity and an adverse impact on
patient well-being. AD has become increasingly prevalent in
industrialized countries, where it now occurs in 10% to 20% of
children and 1% to 3% adults.' Corticosteroids are generally
prescribed to control the symptoms, yet repeated use can cause
severe skin atrophy and susceptibility to infection.? Tacrolimus,
a calcineurin inhibitor, has recently gained widespread use as
an AD treatment that avoids the typical side effects associated
with topical corticosteroids.> However, refractory AD can remain
even in patients treated with both corticosteroid and tacrolimus.

Dehydroxymethylepoxyquinomicin (DHMEQ), a newly devel-
oped low-molecular-weight nuclear factor- kB (NF-«B) inhibitor,
is a 5-dehydroxymethyl derivative of the antibiotic epoxyquino-
micin C.* DHMEQ has been found to inhibit TNF-a—induced
NF-kB activation by suppressing nuclear translocation but not
IkB phosphorylation or degradation.5 Recently the antitumor
effects of DHMEQ on breast,® thyroid,” and prostate® cancers as
well as its anti-inflammatory and immunosuppressive effects
have been reported in mice models.”'* In this study, we used atopic
dermatitis model mice to examine the antiallergic inflammation
efficacy of DHMEQ.

We confirmed that DHMEQ effectively inhibited the NF-«B
activity in macrophage-like cell line, RAW264.7 with LPS
stimulation (Fig 1, A).

First we examined whether DHMEQ suppressed contact hyper-
sensitivity response. Balb/c mice were sensitized with 2,4,6-
trinitrochlorobenzene (TNCB) to the dorsal skin and challenged 5
days later on the dorsal surface of the right ear. Inmediately after the
challenge, DHMEQ (1 mg/mL in acetone) or tacrolimus ointment
(1%) was applied to the same ear. The DHMEQ-treated ears showed
significantly less ear swelling than the tacrolimus-treated ears (Fig
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1, B). The suppressive effect of DHMEQ was dose-dependent (Fig
1, C). Furthermore, expression of inflammatory cytokine mRNA
(IL-1B, IL-6, TNF-a) in lesional skin was suppressed by DHMEQ
ointment as well as by tacrolimus ointment (Fig 1, D). These data
show that DHMEQ suppresses inflammation via suppression of in-
flammatory cytokine expression regulated by NF-«B.

We next examined whether DHMEQ would inhibit hapten-
induced Langerhans cell (LC) migration. Treatment with TNCB
caused a significant decline in epidermal LC density 4 hours after
application in the untreated mice (30.5%). In contrast, TNCB
treatment failed to provoke a significant epidermal LC migration
response in the DHMEQ-treated mice (13.1%; Fig 1, E). We fur-
ther evaluated LC morphology in the epidermal sheet prepara-
tions derived from the untreated and DHMEQ-treated mice. As
illustrated in Fig 1, F (left), at 4 hours after exposure to TNCB,
the LCs in the control mice appeared to be activated and to
have extended dendritic processes, whereas no such morphologic
changes were evident in the LCs examined in the DHMEQ-
treated mice (Fig 1, F, right). These data support that the DHMEQ
suppressed the contact hypersensitivity response at least in part by
inhibition of LC migration.

To determine whether DHMEQ has any therapeutic effect in
AD, we applied DHMEQ to AD-like lesions of NC/Nga mice and
evaluated the progression of skin changes. NC/Nga mice were the
spontaneous mouse models of AD. Another spontaneous mouse
model, the DS-Nh mouse, has a mutation of transient receptor po-
tential vanilloid 3,"' whereas the genetic defect of NC/Nga is not
known. We used conventional NC/Nga mice that presented severe
skin lesions very similar to those of human AD.'? Conventional
NC/Nga mice with moderate to severe AD were topically applied
with 1% DHEMQ in plastibase (5% polyethylene and 95% min-
eral oil), 0.1% tacrolimus ointment, or 0.12% betamethasone
ointment daily for 2 weeks. The clinical severity of skin lesion
was scored daily according to the 5 main clinical symptoms:
scratch behavior, erythema/hemorrhaging, edema, excoriation/
erosion, and scaling/dryness.'? Topical DHMEQ application sig-
nificantly improved the severity of skin lesions compared with the
ointment base as well compared with topical treatment with the
0.1% tacrolimus or 0.12% betamethasone ointment (Fig 2, A
and B). Improvement of clinical skin condition by DHMEQ
was also confirmed by histologic observation, which showed
amelioration of hyperkeratosis, acanthosis, dermal edema, and in-
filtration of the inflammatory cells compared with the ointment
base treatment (Fig 2, C). At the affected skin sites, the numbers
of eosinophils and mast cells were significantly lower in the
DHMEQ-treated mice than those in the control mice (Fig 2, C).

Potential side effects of topical application of NF-«B inhibition
might include susceptibility to infection via local immune
suppression. However NF-«kB inhibitor presumably avoids the
typical side effects associated with topical corticosteroids as well
as tacrolimus.

Several reagents targeting NF-kB have been reported. For
example, NF-kB decoy oligodeoxynucleotides were reported to
be effective in resolving atopic skin lesions in NC/Nga mice.?
IMD-0354, a selective IKK inhibitor, also improved AD manifes-
tation in model mice.'* In contrast with these, DHMEQ inhibits
NF-kB activation by suppressing nuclear translocation but not
IkB phosphorylation or degradation.5 Because DHMEQ has a
unique mechanism to inhibit NF-kB activation, DHMEQ might
be effective for AD that does not respond to tacrolimus or cortico-
steroid, and it might have additive effects with other reagents.
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