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A Whole splenocytes

FIGURE 6. The production of anti-
hCOL17 IgG Abs requires CD4" T cells
and CD45R" B cells but not CD8" T cells.
A, All of the recipients given CD8" T cell-
depleted splenocytes (n = 4) develop
severe BP lesions similar to those of the
recipients given whole splenocytes, B
whereas the recipients given CD4" T cell-
depleted splenocytes (n =4) or CD45R* B
cell-depleted splenocytes (n = 4) demon-
strate no erosive lesions. B, The depletions
of CD4" T cells or CD45R* B cells
significantly inhibit the production of anti-
hNC16A IgG Abs (p < 0.01 at day 9). C,
The recipients given CD4" T cell-depleted
or CD45R* B cell-depleted splenocytes
show significantly lower disease severities
than those in other groups (p < 0.05 at
days 14 and 35).
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deposition at the basement membrane zone of the lesional and
perilesional skin by direct IF (27). By means of the passive-
transfer experiments using C5-deficient mice, Liu et al. (25) fur-
ther showed that complement activation is a pivotal step in sub-
epidermal blister formation triggered by rabbit anti-mouse COL17
IgG Abs in their BP animal model. Consistent with these previous
studies, linear deposition of complement C3 was observed at the
DEJ in all of the diseased Rag-2~'~/COL17-humanized recipi-
ents. We also demonstrated that sera from both the immunized
WT mice and the Rag-2~'~/COL17-humanized recipients con-
tained complement-fixing Abs of the IgG2 subclass and could fix
compliments at the DEJ of the normal human skin and the
COL17-humanized skin. Analysis of the subclass distribution of
IgG autoantibodies in human BP revealed that complement-fixing
IgG1 was present as the predominant subclass of autoantibodies
(28). These findings suggest that complement activation mediated
by Abs of the IgG2 subclass against hCOL17 may induce blister
formation in the present BP model.
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It is unclear why the anti-hCOL17 IgG titer decreases in a short
period. To examine the possible compartmentalization of anti-
hCOL17 IgG response to the skin, we checked in situ deposition of
anti-hCOL17 IgG in the skin of BP model mice by direct IF
analysis sequentially at days 4, 9, 14, and 21. Intense deposition of
anti-hCOL17 IgG Abs was detected at the DEJ as early as day 9 of
the adoptive transfer, and the same levels of deposition were ob-
served at days 14 and 21 (n = 3). This indicates that the com-
partmentalization of the anti-hCOL17 IgG response to the skin is
not the main reason for the spontaneous reduction of the anti-
hCOL17 IgG titer in this BP model. Alternatively, some regula-
tory mechanism against hCOL17-specific T cells, B cells, or both
may be induced in this BP model. In experimental autoimmune
myasthenia gravis, an autoimmune neuromuscular disease model
induced by anti-acetylcholine receptor Abs, regulatory T cells
(Tregs) generated ex vivo or expanded in vivo suppress pathogenic
T cell and Ab responses (29, 30). In experimental autoimmune
encephalomyelitis, a myelin-reactive T cell-dependent multiple

FIGURE 7. Results of CsA treat-
ment in the Rag-2”7/COL17-
humanized recipients. Approximately
35 mg/kg CsA was administered daily
from 2 d after the adoptive transfer for
14 d (CsA, n = 5; control vehicle, n =
5). A, Skin lesions of the Rag-2~'"/
COL17-humanized recipients treated
with CsA are markedly diminished
with CsA treatment (day 28). B, CsA
significantly ~suppresses the pro-
duction of anti-hNC16A IgG (p <
0.01 at days 8, 15, and 21). C, The
treated mice show significantly lower
disease severity than that of the con-
trols (p < 0.01 at days 8, 15, 21, 28,
and 35).
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sclerosis model, natural resolution correlates with the accumulation
of myelin-reactive Tregs expanded during the course of experimental
autoimmune encephalomyelitis in the inflamed CNS (31, 32). Sim-
ilar to these autoimmune disease models, Tregs may contribute to the
spontaneous decline of the anti-hCOL17 IgG titer in this BP model.
Further studies examining Treg function in this BP model may
provide clues for controlling the autoimmune reaction in BP patients.

Interestingly, none of the control Rag-2~'" recipients given im-
munized splenocytes produced anti-hCOL17 IgG Abs or developed
the BP phenotype despite the presence of living splenocytes in vivo.
We further demonstrated that the grafting of h(COL17-Tg skin onto
Rag-2~' mice 5 wk after the adoptive transfer of immunized
splenocytes could induce a high titer of anti-hCOL17 IgG Abs.
These results indicate that transferred splenocytes need endogenous
hCOL17 molecules to produce anti-hCOL17 IgG Abs. In addition,
the depletion of CD4™ T cells from the immunized WT splenocytes
suppressed the production of anti-hCOL17 IgG Abs, whereas the
depletion of CD8" T cells showed no effects. This clearly suggests
that CD4™ T cells, and not CD8" T cells, are essential for the pro-
duction of Abs against hCOL17 in this BP model.

Generally, the production of Abs by B cells requires the help of
CD4" T cells. In experimental autoimmune myasthenia gravis,
both MHC class II gene-disrupted mice and CD4 gene knockout
mice have been proven to be resistant to induction of clinical
experimental autoimmune myasthenia gravis (33, 34). In experi-
mental pemphigus vulgaris, an autoimmune blistering disease
caused by anti-desmoglein 3 Abs, the production of autoanti-
bodies required both CD4* T cells and B cells from naive des-
moglein 3 knockout mice (35). To further investigate the
pathogenic role of CD4" T cells, we administered CsA, an im-
munosuppressant that inhibits T cell function, to the Rag-2~""/
COL17-humanized recipients after the adoptive transfer of im-
munized splenocytes. Because active disease models possess more
persistent disease activity than passive-transfer neonatal disease
models (10, 36, 37), we can easily analyze the time-course
changes of disease activity altered by such an intervention. CsA
significantly suppressed the production of anti-hNC16A IgG Abs
and diminished the disease severity. These results strongly suggest
that CD4" T cells play a pivotal role in the production of the
autoantibodies through the presentation of the endogenous auto-
antigen. In human BP, the presence of autoreactive CD4" T cells
has been reported, indicating the contribution of CD4* T cells to
the pathogenesis of human BP (38-40). In addition, particular
MHC class II alleles are more frequent in BP patients (41). These
results further indicate that the autoreactive CD4™ T cells may be
activated through an interaction with the specific MHC class II
molecule in BP. The pathogenic function of CD4™ T cells shown
in this BP model may provide a new insight into the pathogenic
mechanism of BP and the development of a novel therapeutic
strategy that targets T cell-mediated immune reactions.

Although this BP model is a useful tool for investigating the
pathophysiology of BP, limitations are still present in our experi-
mental system. First, the induction phase of the autoimmune re-
sponse, such as the breakdown of self-tolerance, cannot be
investigated in this BP model because the immune response to
hCOL17 is induced by adoptive transfer of immunized WT sple-
nocytes. To investigate the induction of autoimmunity in BP, Xu et al.
(42) have aimed to induce autoimmune responses to mouse COL17
by using the immunocompetent BALB/c mice. Multiple immuni-
zations of BALB/c mice with peptides of the hNC16A domain, its
mouse equivalent, or both successfully induced anti-mouse COL17
IgG Abs, although no overt skin changes were observed. Similar
experiments have been performed to establish an animal model for
epidermolysis bullosa acquisita, a subepidermal blistering disorder
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induced by Abs against type VII collagen, another hemidesmosomal
protein present at the basement membrane zone (43). Anti-type VII
collagen Abs and subepidermal blisters were successfully induced
in the mice by repeated immunizations with recombinant mouse
type VII collagen protein mixed with adjuvant, although the de-
velopment of the disease phenotype depended on the strain of
mice. These results indicate that repeated exposure of the self Ag
in conjunction with inflammatory stimulation, such as by bacterial
components, may break down peripheral tolerance and induce
autoantibody production in patients with a specific genetic back-
ground. This concept is further supported by the clinical findings
that BP develops preferentially in elderly people and that partic-
ular HLA class II alleles correlate with BP patients (41). Second,
this BP model demonstrates immune responses against a human-
ized Ag of the skin; however, the response still occurs in a murine
milieu. The lack of eosinophilic infiltration, a characteristic trait of
human BP, in this model could be related to the difference of the
effector cell function between human and mouse immune systems.
Furthermore, because the MHCs in mice are different from those
in humans, MHC-dependent presentation of the pathogenic Ag to
the T and B cells cannot be simulated in this current BP mouse
model. To overcome these issues, not only the pathogenic Ag but
also the immune system should be humanized in experimental
animals. Recently, quasi-human immune systems have been stably
reconstituted in supra-immunodeficient NOG mice using human
CD34" stem cells from various sources including bone marrow,
umbilical cord blood, and peripheral blood (44, 45). This system
has become a common tool for studying human immunity and
diseases relating to it (46, 47). However, even in that system the
development of human B cells was partially blocked, and the
human T cells lost their function in the periphery (48). Further
technical advances would be required to establish more accurate
and reliable humanized animal models that could be used toward
better understanding human diseases that involve autoimmunity.

In summary, using immunodeficient COL17-humanized mice,
we have successfully developed a novel active disease model for
BP that continuously produces pathogenic anti-hCOL17 IgG Abs
and reproduces the BP phenotype. This study indicates that a hu-
manized animal model is quite valuable not only for analyzing
biological function of human molecules but also for investigating
pathogenic mechanisms of autoimmune diseases against human
proteins. This new BP model can be used for the investigation of
underlying mechanisms in the development and progression of BP.
Furthermore, it should facilitate the development of novel thera-
peutic strategies for BP.
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Sir,

Nail lichen planus (NLP) is characterized by thinning,
longitudinal ridging and distal splitting of the nail plate
(1, 2). Although mild NLP is usually asymptomatic, de-
formation of the fingernails is cosmetically distressing.
Failure to treat NLP results in nail loss or permanent nail
dystrophy in some cases. Therefore the condition should
be treated effectively in its early stage. NLP is usually
resistant to topical corticosteroid therapy, but successful
treatment has been reported with intralesional or systemic
administration of corticosteroids (2—4). However, some
patients are unable to tolerate the side-effects of systemic
corticosteroids.

Topical tacrolimus has been reported as a safe, ef-
fective therapy for cutaneous (5, 6), oral (7-9) and
vulvar lichen planus (LP) (9-11), even in patients whose
lesions have shown recalcitrance to other treatments (7,
10). However, topical tacrolimus treatment for NLP has
never been reported. We report here five cases of NLP
treated successfully with tacrolimus ointment.

CASE REPORTS

Five Japanese patients with NLP were treated with 0.1% tacro-
limus ointment. The mean age of the five patients (4 males and
1 female) was 40.2 years (age range 11-58 years). All of the
patients were diagnosed with NLP on the basis of clinical his-
tory, typical clinical appearance and histopathological features.
No patient had any symptoms suggesting lupus erythematosus
or photosensitivity. There was no history of nail matrix trauma,
or drug intake that could cause lichenoid drug eruption. All of
these cases demonstrated multiple nail lesions on the fingers and/
or toes. In one patient, the disease affected all 20 nails. All the
fingernails were affected in three other patients, including two
cases that presented with additional nail lesions on both big toes.
The most common clinical signs were thinning of nails and ony-
cholysis, which were observed in all of the patients. Longitudinal
ridging and onychorrhexis were present in four cases. The NLP
was not associated with any objective symptom, such as burning,
itching or pain, in any of the cases. A 58-year-old patient had
concomitant localized reticular oral LP, although no patient had
cutaneous, otic or genital lesions at any time during the follow-
up. An 11-year-old patient had mild atopic dermatitis; the four
adult patients had no other dermatological conditions. The clinical
diagnosis was confirmed by histopathological examination in
all cases. Biopsy specimens taken from the affected nail matrix
demonstrated band-like lymphocyte infiltration in the nail matrix
and the nail bed dermis, as well as hyperkeratosis, acanthosis and
hypergranulosis of the epidermis, which are histopathological
features typically observed in NLP.

The mean duration of the disease prior to the topical tacroli-
mus treatment was 24 months (range 4—84 months). We follo-
wed up all the patients for at least 15 months (mean 39.0 months;
range 15—71 months). Four of the patients had been treated with
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topical corticosteroids, with no or slight improvement, before
the tacrolimus therapy. In all the cases, 0.1% topical tacrolimus
(Protopic ointment 0.1%, Astellas Pharma Inc., Tokyo, Japan)
was administered twice a day on one side of the nail plates and
periungual regions of the fingers and/or toes, and a topical cor-
ticosteroid (from the classification “very strong” or “strongest™)
was simultaneously started on the other side for a comparison
of relative efficacy. In all cases, the affected nails treated with
topical tacrolimus began to improve within 6 months after the
initiation of treatment (mean 2.8 months; range 1-6 months),
whereas no obvious changes, or only slight improvement, were
observed in the nails treated with topical corticosteroids, sug-
gesting that tacrolimus ointment had higher therapeutic efficacy
than topical corticosteroids (Fig. 1). All the lesions were then
treated uniformly with topical tacrolimus. All of the patients
showed marked improvement (Fig. 2). Mild onycholysis and
splitting of the nails remained in some of the patients. Reticular
oral LP observed in a 58-year-old patient remained after his NLP
lesions had improved. Two patients who discontinued topical
tacrolimus application showed no exacerbation of their lesions
at 16 and 36 months of follow-up, respectively. Two other pa-
tients continue to use topical tacrolimus once or twice daily as
a supportive treatment, which keeps their lesions stable. The
remaining patient stopped visiting our clinic after remission.
No adverse effects were noted in any of the cases.

DISCUSSION

Topical corticosteroid therapy is commonly considered
as a first-line treatment for NLP, although it is usually
ineffective. Oral prednisone and intramuscular triam-
cinolone acetonide have been reported as effective
against NLP (2—4), but prolonged or repeated use of

Fig. 1.(A)Nail lichen planus in an 11-year-old male patient before treatment.
The fingernails show very severe thinning. The right-hand fingernails were
treated with topical tacrolimus and the left-hand ones with diflucortolone
valerate ointment twice daily (comparative application). (B) The same patient
after 5 months of comparative application. Significant clinical improvement
of the right-hand fingernails (righf) was noted compared with the left-hand
ones (left).

© 2010 The Authors. doi: 10.2340/00015555-0814
Journal Compilation © 2010 Acta Dermato-Venereologica. ISSN 0001-5555
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Fig. 2. (A) Nail lichen planus in a 58-year-old male patient. The fingernails
show severe distal thinning and onycholysis before treatment. (B) Significant
improvement after 18 months of topical tacrolimus treatment.

systemic corticosteroids may cause considerable side-
effects.

Tacrolimus is a macrolide immune modulator that
produces strong immunosuppression by inhibiting
T-cell activation. It interacts with a cyclophilin-like
cytoplasmic protein, FK506 binding protein, and this
complex interferes with the phosphatase activity of cal-
cineurin, resulting in the inhibition of proinflammatory
cytokine genes transcription. Because activated T cells
are likely to play a central role in the pathogenesis of
LP (1, 12, 13), topical tacrolimus has been tried for the
treatment of LP. Previous studies have reported that
topical tacrolimus is effective for 88—100% of cases
of oral LP (7-9) and 94% of cases of vulvar LP (10).
Based on these data, we speculated that topical tacroli-
mus could also be effective against NLP. In this study,
all five cases with NLP responded fairly well to topical
tacrolimus, even though 4 had intractable lesions that
had shown resistance to topical corticosteroids. Com-
parative study of the efficacy of topical tacrolimus and
topical corticosteroids revealed that topical tacrolimus
was more effective than topical corticosteroids in all
of the cases.

Recent studies demonstrated that nail dystrophy as-
sociated with chronic paronychia (14) and eczema (15)
improved with topical tacrolimus, which suggests that
topical tacrolimus could penetrate the periungual skin
enough to improve the nail dystrophy. In addition, the
remarkable thinning of the nails and onychorrhexis seen
in most of our NLP cases make it possible that the tacro-
limus ointment penetrated the damaged nail plates.

The majority of oral LP and vulvar LP cases respond
to topical tacrolimus within one month (7—11), whereas
the present NLP patients required several months to start
to regress (mean 2.8 months).

At present, two out of the five patients have been
continuing once- or twice-daily application for 35 and
63 months, respectively, to keep their lesions under con-
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trol. Two other patients have been stable without topical
tacrolimus for more than one year. However, we should
be aware of the possibility that NLP can recur, because
previous reports have mentioned that oral or vulvar LP
lesions usually returned after withdrawal of topical ta-
crolimus (7, 10). Further analysis with longer follow-up
is required to confirm the long-term prognosis of NLP
after the cessation of topical tacrolimus therapy.

The authors declare no conflict of interest.

REFERENCES

1. Boyd AS, Neldner KH. Lichen planus. J Am Acad Dermatol
1991; 25: 593-619.

2. Tosti A, Peluso AM, Fanti PA, Piraccini BM. Nail lichen
planus: clinical and pathologic study of twenty-four pa-
tients. J Am Acad Dermatol 1993; 28: 724-730.

3. Evans AV, Roest MA, Fletcher CL, Lister R, Hay RIJ. Iso-
lated lichen planus of the toe nails treated with oral pred-
nisolone. Clin Exp Dermatol 2001; 26: 412—414.

4. Tosti A, Piraccini BM, Cambiaghi S, Jorizzo M. Nail
lichen planus in children: clinical features, response to
treatment, and long-term follow-up. Arch Dermatol 2001;
137: 1027-1032.

5. Al-Khenaizan S, Al Mubarak L. Ulcerative lichen planus
of the sole: excellent response to topical tacrolimus. Int J
Dermatol 2008; 47: 626—628.

6. Fortina AB, Giulioni E, Tonin E. Topical tacrolimus in the
treatment of lichen planus in a child. Pediatr Dermatol
2008; 25: 570-571.

7. Byrd JA, Davis MD, Bruce AJ, Drage LA, Rogers RS, 3rd.
Response of oral lichen planus to topical tacrolimus in 37
patients. Arch Dermatol 2004; 140: 1508-1512.

8. Olivier V, Lacour JP, Mousnier A, Garraffo R, Monteil RA,
Ortonne JP. Treatment of chronic erosive oral lichen planus
with low concentrations of topical tacrolimus: an open pro-
spective study. Arch Dermatol 2002; 138: 1335-1338.

9. Vente C, Reich K, Rupprecht R, Neumann C. Erosive
mucosal lichen planus: response to topical treatment with
tacrolimus. Br J Dermatol 1999; 140: 338-342.

10. Byrd JA, Davis MD, Rogers RS, 3rd. Recalcitrant sympto-
matic vulvar lichen planus: response to topical tacrolimus.
Arch Dermatol 2004; 140: 715-720.

11. Kirtschig G, Van Der Meulen AJ, Ion Lipan JW, Stoof
TJ. Successful treatment of erosive vulvovaginal lichen
planus with topical tacrolimus. Br J Dermatol 2002; 147:
625-626.

12. Shiohara T, Moriya N, Nagashima M. The lichenoid tissue
reaction. A new concept of pathogenesis. Int J Dermatol
1988; 27: 365-374.

13. Shiohara T, Nickoloff BJ, Moriya N, Gotoh C, Nagashima
M. In vivo effects of interferon-gamma and anti-interferon-
gamma antibody on the experimentally induced lichenoid
tissue reaction. Br J Dermatol 1988; 119: 199-206.

14. Rigopoulos D, Gregoriou S, Belyayeva E, Larios G,
Kontochristopoulos G, Katsambas A. Efficacy and safety
of tacrolimus ointment 0.1% vs. betamethasone 17-valerate
0.1% in the treatment of chronic paronychia: an unblinded
randomized study. Br J Dermatol 2009; 160: 858—860.

15. Lee DY, Kim WS, Lee KJ, Kim JA, Park JH, Cho HJ, et
al. Tacrolimus ointment in onychodystrophy associated
with eczema. J Eur Acad Dermatol Venereol 2007; 21:
1137-1138.

Acta Derm Venereol 90

—201—



Patient

U !

TG AG G AG G

ML

G CTGC

A

6 C TGC NG AG G AG G G

Daughter Control

J 2\ u ﬂm

C TGC CG AGG AG G

Figure 2. Sequence analysis of the TAPZ gene. Detection of the mutation from genomic DNA was performed by polymerase chain reaction amplification of TAP2
exon 3 for the patient (A) (mutant homozygous), a daughter (B) (heterozygous), and a healthy control (C) (native sequence).

previously ulcerated lesions of the right leg
(Figure 1D and E), and the limb was amputated. The
neoplasia recurred and metastasized, and the patient
died.

Blood samples were obtained from the proband and
relatives, and lymphocyte subpopulations were
analyzed by flow cytometry. The numbers of NK cells,
v3 T lymphocytes, and CD8" af T cells as well as the
CD4/CD8 ratios were found to be normal and compa-
rable to those found in controls and her relatives. The
HLA I expression in the patient’s lymphocytes was
severely reduced (30 times lower than in healthy con-
trols). The HLA serologic typing in the patient was
unsuccessful. We extracted RNA from peripheral
blood mononuclear cells; all coding exons of TAPI
and TAP2 genes (OMIM 170260 and 170261, respec-
tively) were amplified by reverse transcriptase-PCR,
and further sequencing analysis was performed.
A previously unreported TAP2 missense mutation
was detected. The patient was homozygous for a
C—T transition at nucleotide 628 (TAP2 exon 3)
(Figure 2), leading to a premature stop at codon 210
between the fifth and the sixth transmembrane
domains of TAP2. Her mother and daughters were het-
erozygous for the mutated allele. In addition, high-
resolution molecular HLA typing demonstrated that
the patient was homozygous for the haplotype HLA-
A*0301, Cw*1701, B*5001, DRB1*¥0301, DQA*0501/
DQB1%0201, and DPB1*0401.

Comment. We report herein an SCC originating in a
chronic ulcer of a patient with type I BLS and a novel
TAP2 gene mutation. Abnormal expression of HLA
class I has been reported in many human neoplasias,’
including skin cancer. Our findings suggest that TAP-
impaired HLA class 1 expression could influence the
course of SCC originating in chronic ulcers and could

be related to escape from cytotoxic T-lymphocyte sur-
veillance during disease progression.
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Hereditary Benign Telangiectasia:
Two Families With Punctate Telangiectasias

Surrounded by Anemic Halos

H primary telangiectatic disorders, is character-
ized by various patterns of widespread cutane-

ous telangiectasias.'? It is distinguished from hereditary

hemorrhagic telangiectasia by the absence of recurrent

bleeding and systemic involvement. Herein we describe

ereditary benign telangiectasia (HBT), one of the
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Figure 1. Skin lesions seen on the proband of family 1 with hereditary
benign telangiectasia. Multiple punctate telangiectasias surrounded by
anemic halos (arrows) are visible on the dorsal surface of the right hand.

2 families with HBT that show unique fine telangiecta-
sias surrounded by anemic halos.

Report of Cases. Case 1. A 16-year-old boy was seen
for asymptomatic telangiectasias with halos that had
appeared several months earlier with no preceding epi-
sodes. Physical examination revealed multiple fine tel-
angiectasias surrounded by pale macules as large as 5
mm on the dorsal surfaces of the hands (Figure 1), the
radial aspects of the forearms and thighs, and on the
trunk. The pale macules disappeared during application
of mechanical pressure, which indicated that they were
anemic halos. He also had numerous fine telangiectasias
on the lips and irregularly shaped telangiectatic macules
on the chest, right arm, and right thigh. His mother had
similar fine telangiectasias surrounded by anemic halos
on the right forearm (Figure 2). Laboratory data of the
proband showed no abnormalities in blood cell count,
liver function, renal function, or blood coagulation
time. Skin specimens obtained from a telangiectasia
with an anemic halo on the dorsal surface of the pro-
band’s hand demonstrated no specific changes. All of
the telangiectatic lesions persisted for more than 5
years.

Case 2. A 14-year-old boy was referred for evaluation
of asymptomatic fine telangiectasias surrounded by ha-
los that had been noticed several weeks earlier without
any preceding episodes. Multiple punctate telangiecta-
sias surrounded by anemic halos were seen on the dor-
sal surfaces of the hands and on the radial aspects of the
forearms. He had some irregularly shaped telangiectatic
macules on the face, trunk, and extremities.

His mother had macular telangiectasias on her back
and face, and his 11-year-old brother had similar le-
sions on his left hand and upper extremities (Figure 2).
None of the family members had remarkable medical his-
tories or hemorrhagic episodes. His maternal grand-
mother and great-grandmother seemed to have some red-
dish macular lesions, but the details were unclear
(Figure 2).

No specific abnormalities were detected in labora-
tory examinations of the proband. Histologic and ultra-
structural examinations of the biopsy specimens from the

Family 1 Family 2

O

1O Unaffected
W @ Afected
] @ Presumed affected

Figure 2. Pedigrees of the 2 families with hereditary benign telangiectasia
showing punctate telangiectasias surrounded by anemic halos. Circles
indicate female family members; squares, male family members.

proband demonstrated no specific changes. To date, the
cutaneous lesions of the proband remain unchanged for
over 5 years.

Comment. Initially described in 1971, HBT is probably
an autosomal dominant disorder.! Various patterns of tel-
angiectatic lesions, including plaquelike, radiating, ar-
borizing, reticulated, mottled, spiderlike, and punctate,
have been described in HBT."? Punctate telangiectasias
surrounded by anemic halos have rarely been reported.’
The mechanism whereby the anemic halo develops re-
mains unclear. In eruptive pseudoangiomatosis, a rare
skin disorder characterized by acute angiomalike pap-
ules or macules, the surrounding halo might be due to
vasoconstriction around the vasodilatation of the papu-
lar angiomatous lesions.* In nevus anemicus, the ane-
mic macule is thought to be caused by increased local
vascular reactivity to catecholamines.” The findings from
the families described herein indicate that punctate tel-
angiectasias surrounded by anemic halos should be rec-
ognized as unique and characteristic features of HBT.
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1. Introduction

Background: Dorfman-Chanarin syndrome (DCS), also referred to as neutral lipid storage disease with
ichthyosis, is a rare autosomal recessive form of nonbullous congenital ichthyosiform erythroderma,
characterized by the presence of intracellular lipid droplets in multiorgans. DCS patients often have
mutations in CGI-58, which is an activator of adipose triglyceride lipase (ATGL), leading to accumulation
of triglycerides (TG).
Objective: To study whether a patient with DCS demonstrates TG accumulation in the epidermis and to
analyze whether TG levels are correlated with skin disease activity.
Methods: Skin specimen from a 62-year-old man with DCS was stained with oil red O, and analyzed on
electromicrographs. Sequencing analysis of CGI-58 was performed using the patient’s blood cells. The
scales from the lesion were subject to lipid analysis by high-performance thin-layer chromatography
(HPTLC).
Results: The patient demonstrated ichthyoform erythroderma with a distinct seasonal fluctuation: his
skin lesions were aggravated in summer but resolved during winter. Epidermis of the lesion showed
intracellular lipid droplets. Sequencing analysis revealed a novel missense mutation in the exon 3 of CGI-
58 gene. Lipid analysis of the scales from his lesions, compared with those from normal human control,
revealed increased levels of triglycerides (TG) but, in turn, decreased levels of free fatty acids, suggesting
dysfunction of adipose TG lipase. Notably, the TG levels in the scales from the patient were positively
correlated with the severity of ichthyosis.
Conclusion: These results suggest that TG accumulation by epidermal keratinocytes directly contributes
to ichthyosiform phenotype of DCS.

© 2009 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights

reserved.

and other neurological symptoms. While cutaneous manifestation
of DCS represented nonbullous congenital ichthyosiform erythro-

Dorfman-Chanarin syndrome (DCS, MIM275630), also referred
to as neutral lipid storage disease with ichthyosis (NLSDI), is a rare
autosomal recessive disorder, in which an excess of triacylglycer-
ols (TG) accumulates in various cells [1-3]. DCS is characterized by
nonbullous congenital ichthyosiform erythroderma associated
with the presence of cytoplasmic neutral lipid droplets in
keratinocytes, as well as a variety of cells in the body including
peripheral leukocytes (Jordans’ anomaly) [4] and liver cells [5].
Therefore, extracutaneous manifestations of DCS include hepato-
megaly (fatty liver), myopathy, cataract, sensoryneural deafness

* Corresponding author. Tel.: +81 88880 2363; fax: +81 88880 2364.
E-mail address: sano.derma@kochi-u.ac.jp (S. Sano).

derma of mild to moderate severity, the clinical heterogeneity is
present. For example, they included nonspecific ichthyosiform
dermatosis with alopecia [5], sparing of the face [6], or even no
erythematous change [7]. In addition, a case with DCS exhibited
ichthyotic erythematous plaques, which frequently migrated as a
clinical feature resembling erythrokeratoderma variabilis [8].
Mutations in CGI-58 gene, which is also called ABHD5 and
encodes a member of a/B-hydrolase family of proteins, have been
identified as a cause of DCS [9]. CGI-58 is an activator of adipose
triglyceride lipase (ATGL) contributing to TG lipolysis [10,11],
which depends on its association with perilipin [12]. CGI-58
mutations, therefore, abrogated lipolysis and induced a systemic
accumulation of lipids droplets. CGI-58 gene is located on 3p21,
encoding seven exons, and expressed in many tissues including

0923-1811/$36.00 © 2009 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.jdermsci.2009.10.016

—204—



M. Ujihara et al./Journal of Dermatological Science 57 (2010) 102-107 103

skin [9,13]. In patients with DCS, CGI-58 mutations were associated
with defective formation of lamellar granules [14]. Lipid micro-
inclusions in lamellar granules formed a non-lamellar phase
within the stratum corneum interstices, contributing to perme-
ability barrier dysfunction characterized by ichthyosis in DCS [15].
To date, 16 mutations of CGI-58 gene have been reported [16], and
each of mutations affected the structure of CGI-58, leading to
dysfunction of the downstream lipase ATGL. The mutations found
in DCS include missense mutations, nonsense mutations, splice
site mutations, a deletion or insertion in exons causing a frameshift
and premature termination of translation [9,14]. For instance,
forced expression of mutant CGI-58 gene into an adipocyte cell line
resulted in its inability to interact with perilipin, leading to
mistargeting of CGI-58 to the lipid droplets [12]. Further,
expression of functional CGI-58 in DCS fibroblasts restores lipolysis
and reversed the abnormal TG accumulation [10].

Mutations in the gene encoding ATGL (PNPLA2) have been
identified as the cause of neutral lipid storage disease with
myopathy (NLSDM) [17]. NLSDM patients and ATGL-deficient mice
exhibited DCS-like features associated with TG accumulation in
multiple tissues including adipose tissue, muscle, heart and other
organs, however, devoid of ichthyosis [18,17].

Therefore, the mutations in CGI-58 gene result in development
of ichthyosis in addition to abnormalities shared with NLSDM. This
notion indicated that CGI-58 possessed an additional function
required for lipid metabolism in the epidermis [17]. Previous
studies demonstrated that the ultrastructure of DCS included
abnormal lipid micro-inclusions within lamellar bodies and
resulting lamellar/non-lamellar phase separation or clefts in the
intercellular spaces of cornified layer [3,14,15]. Very recent study
revealed that CGI-58 expression was increased during differentia-
tion and localized in lamellar granules of keratinocytes and likely
to be involved in barrier formation [13]. Given that TG is the
content of lipid deposition in DCS, unsolved question is that the
ultrastructural aberrancy in the epidermis is similar to other
inherited, lipid storage diseases associated with ichthyosis, such as
Refsum disease, Sjogren-Larsson syndrome [15]. Thus, no direct
evidence has been shown regarding the link of TG deposition in the
epidermis and ichthyosiform phenotype found in DCS.

In the present study, we demonstrate a DCS patient with a novel
mutation of CGI-58 gene in one allele, showing an abrupt, seasonal
variation of ichthyosiform lesions. Biochemical study of his scales
revealed the increased levels of TG, which was positively
correlated with severity of ichthyosis.

2. Materials and methods
2.1. Patient

This study was approved by the Institute Ethical Review Board
of the Kochi Medical School, Kochi University, and performed
according to the Declaration of Helsinki Principles. Skin samples
and scales were provided from a patient with DCS (see Section 3 for
further details) and healthy donors with sunburn as controls.

2.2. Electron microscopic examination

The skin biopsy specimens were fixed with 2% glutaraldehyde
in 0.1 M sodium cacodylate (pH 7.3) for 2 h at room temperature.
The skin samples were post-fixed for 1 h at room temperature with
2% osmium tetroxide in 0.1 M cacodylate buffer. The samples were
then dehydrated in a graded series of ethanol. Following
dehydration, the samples were transferred to propylene oxide
and embedded in Epon 812 (TAAB Laboratories Equipment,
Berkshire, England). They were observed with a Hitachi H-7100
electron microscope (Hitachi High-Technologies, Tokyo, Japan).

2.3. Determination of TEWL and water holding capability

To assess basal permeability barrier function, we used a
Tewameter (TEWAMETER TM300, Courage and Khazaka, Cologne,
Germany) over six separate sites. Water holding capability was
determined using a corneometer (CORNEOMETER CM825, Courage
and Khazaka) over six separate sites.

2.4. Mutation analysis

The method for mutation detection of CGI-58 gene was
performed as previously reported [9]. Briefly, genomic DNA
isolated from peripheral blood was subject to PCR amplification,
followed by direct automated sequencing. Oligonucleotide primers
used for amplification of all exons 1-7 of CGI-58 gene and detailed
PCR conditions were described elsewhere [14,9].

2.5. Lipid analysis of scales

Total lipids were extracted from scales as described pre-
viously [19]. Scales from sunburn in a healthy individual were
used as control for this assay, since we confirmed that its lipid
content did not significantly differ from that previously reported
from non-sunburn scales in normal donors. The individual lipid
species were separated by high-performance thin-layer chro-
matography (HPTLC), followed by quantification by scanning
densitometry as described previously with the following solvent
systems: (1) benzene-n-hexane (1:1) to 8.5 cm; and n-hexane-
diethyl ether-acetic acid (70:30:1, v/v/v) to 5 cm. Lipids were
visualized after treatment with cupric acetate-phosphoric acid,
and heating to 160 °C for 15 min. The quantity of each lipid was
determined by spectrodensitometry, as previously described
[19].

3. Results
3.1. Case presentation

A 62-year-old Japanese man visited our hospital in October
2006 complaining of slightly pruritic, dry skin with scaling. From
early childhood the patient had been suffering from scaly skin
lesions over the entire body, which were characterized by a
seasonal variation with a marked aggravation in summer. He was
the first and an only child from non-consanguineous parents. There
was no family history of congenital ichthyosis or abnormal lipid
diseases. The patient was mildly obese with a BMI 26.5 (height:
157 cm, weight: 65 kg). His skin was dry and mildly erythrodermic
with fine scales, surrounding normal-looking skin with irregular
patterns on the trunk, lateral side of upper arms, the right scapular
region, bilateral breasts, and buttocks (Fig. 1a and b). The skin of
the dorsa of the hands was shiny with prominent creases and
lamellar scaling was in lower legs (Fig. 1c). There were spiny
keratoses on his palms, but the nails, teeth and hair appeared
normal.

Transepidermal water loss (TEWL) and skin hydration were
assessed in the involved skin and normal-looking, uninvolved
skin of the upper arm. TEWL of the ichthyosiform lesion
(18.0 g h~' m~2) was within the normal range (0-10, very good;
10-15, good; 15-20, fair; 25-30, poor; more than 30, very poor)
but slightly higher than uninvolved skin (14.5 gh~' m~2). On the
other hand, the water retention capability was markedly impaired
in the lesion (6.7, normal >60) compared with the uninvolved skin
(63.8). These results indicated that the ichthyosiform lesions of this
patient showed an intact permeability barrier but a markedly
decreased hydration, which was contrast to a previous study
showing abnormal barrier function [15].
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Fig. 1. Clinical appearance. (a) Scaly ichthyosiform erythroderma. (b) Sharply demarcated site of uninvolved skin on the lateral aspect of the upper arm. (c) Large,

membranous scales on the legs.

Laboratory investigation revealed abnormalities of hepatic
enzymes including aspartate aminotransferase 85 IU L~ (normal
range: 10-35), alanine aminotransferase 79IUL™" (5-40), -
glutamyltransferase 497 IU L' (5-70), and alkaline phosphatase
366 IU L' (100-344). The computed tomography and ultrasonic
examination demonstrated hepatic hypertrophy and fatty liver.
Steroid sulfatase activity in the peripheral blood sample was
normal. Although white blood cell count was normal, there were
distinct intracytoplasmic vacuoles in polynuclear leukocytes
(Fig. 2¢) and monocytes (Fig. 2d), which were presumed to be

Jordan’s anomaly [4]. No evidence of muscle weakness or
neurological abnormality was obtained.

3.2. Histologic features and lipid droplets in the epidermis

Skin biopsy specimen from the right thigh revealed hyperker-
atosis and mild acanthosis but the granular layer was normal
(Fig. 2a). There were mild mononuclear cell infiltrates around
blood vessels in the dermis. Groups and strands of fat cells were
found embedded among the proliferating collagen bundles of the

Fig. 2. Histologic appearance and lipid deposition in epidermis and white blood cells. (a) H&E staining of formalin-fixed, paraffin-embedded lesional skin section from the
patient's left thigh. Hyperkeratosis, acanthosis and mild perivascular infiltrates are noted (40x). (b) Oil red O staining of frozen section (200x). The cornified and granular
layers are strongly stained with oil red O (arrows), which also stained cells of basal layer in punctate (arrowheads). Intracytoplasmic vacuoles within peripheral blood

neutrophils (c, 1000x) and monocytes (d, 1000x ) represent Jordan's anomaly.
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Fig. 3. Electron micrographs after osmium tetroxide post-fixation and Epon embedding. (a) Electron-lucent vacuoles are present within corneocytes (arrowheads). There are
amorphous materials in the intracellular spaces (asterisks). Abnormal lamellar granules are aggregated in the stratum granulosum/stratum corneum interface (arrows). Scale
bar, 0.5 pm. (b) Giant mitochondria (arrowheads) and lucent vacuoles (arrows) are seen in the cytoplasm of basal cells. Scale bar, 1 pwm.

dermis (Fig. 2a). Staining with oil red O demonstrated lipid
droplets within keratinocytes in the stratum granulosum, the
stratum corneum (Fig. 2b, arrows) and the basal layer (Fig. 2b,
arrowheads). Taken together, we diagnosed him as DCS.

3.3. Ultrastructural findings

Electron microscopic examination of the lesional skin of the
patient revealed a number of electron-lucent vacuoles, presumably
lipid droplets, within the cytoplasm of corneocytes and deposits of
amorphous materials in the intercellular spaces (Fig. 3a). Accu-
mulation of abnormal lamellar granules lacking the normal
lamellar content was also seen in the stratum granulosum/stratum
corneumn interface (arrows in Fig. 3a). These features were
consistent with previous studies with DCS [14,15]. Furthermore,
giant mitochondria and lucent vacuoles were found within the
basal keratinocytes (Fig. 3b), suggesting an abnormal lipid
metabolism of keratinocytes as previously described [20].

200 210 220 23
AAGTTCTC TCATAATATTTCAAATAAGAC TCC

AAGTTC TC TCATAATANTTCAAATAAGACTCC

v

215T—=> C
(lle72Thr)

Fig. 4. Sequencing analysis of CGI-58 gene. A novel heterozygous 215T>C transition
in the exon 3, that substitutes isoleucine for threonine at position 72 (172T).

3.4. Mutation in CGI-58 gene

Mutation analysis of CGI-58 gene of the patient’s blood revealed
a heterozygous point mutation (215T>C) in the exon 3 (Fig. 4).
This novel mutation substituted isoleucine for threonine at
position 72 (Ile72Thr), indicating a missense mutation. However,
further analysis of another allele failed to detect any other
pathogenic mutation within the all seven exons and exon-intron
borders of this gene (data not shown).

3.5. Seasonal variation of disease activity

Notably, his skin lesions were aggravated in summer. As shown
in Fig. 5, the ichthyosiform lesions recurred with some irritant
sensation in the beginning of April every year, and developed
keratotic erythrodermia before summer. The ichthyosiform lesions
spread over entire body, but several areas were spared, for
example, around nipples. This manifestation was very similar to a
previous report, in which a patient with DCS showed erythematous
migratory patches resembling erythrokeratoderma variabilis [8].
With lowering the air temperature in autumn, the ichthyosiform
plaques were remitted, and mostly, if any, disappeared by mid-
winter. Interestingly, his skin lesions showed some resolution
when he stayed away from hot temperature even in the mid-
summer, but were immediately aggregated when stayed outside.
This suggested that the development of the ichthyosiform change
was dependent on environmental temperature. Such feature was
also similar to the aforementioned DCS patient [8].

3.6. Lipid analysis of scales

Scales were collected from the involved sites of the patient at
aggravation and remission stages. Scales from a non-ichthyotic
individual with sunburn dermatitis were used as a control.
Although there was no difference in the quantity of cholesterol
between the patient and control, triglycerides (TG) were increased
by two- and threefold over control in the scales at remission and
aggravation stage, respectively (Fig. 6). Thus, TG levels in scales
were correlated with the severity of ichthyotic condition. In
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January, 2008 April, 2008

Fig. 5. Distinct seasonal variation of ichthyosis. Ichthyosiform lesions were aggravated from spring and formed erythroderma throughout hot season, but ameliorated in

May, 2007 July, 2007
winter.
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Fig. 6. Lipid analysis of scales taken from sunburn lesion as controls (white bar),
patient’s lesions at aggravation and remission stages (black, shaded bars,
respectively), showing positive correlation of increased TG levels with disease
severity. FFA levels are invariably decreased in patient’s scales. Mean + s.d. pg/mg
dry scale. *p < 0.01 vs. control. **p < 0.01 vs. remission stage. 3p < 0.02 vs. control.

contrast, free fatty acids were invariably decreased in the patient’s
scales compared with control. These results were relevant, since
DCS is characterized by dysfunction of CGI-58, an activator of
ATGL, which hydrolyzes TG to release FFA.

4. Discussion

Dorfman-Chanarin syndrome (DCS) is defined as a neutral lipid
storage disorder with ichthyosis (NLSDI), which is attributed to
mutations in CGI-58. Since CGI-58 is an activator of adipose
triglyceride lipase (ATGL), patients with DCS demonstrated
systemic storage of triglycerides as found in patients with
mutations in ATGL, which were designated a neutral lipid storage
disorder with myopathy (NLSDM). However, NLSDM patients and
ATGL-deficient mice did not develop ichthyosis [17,18]. It was,
therefore, hypothesized that CGI-58 could have an additional
metabolic function required for normal skin physiology [17]. This
hypothesis was supported by the fact that the lipid accumulation
in the epidermis was higher in DCS than in NLSDM [17].

Sequencing analysis of the CGI-58 gene using the patient’s blood
cells revealed a novel missense mutation in nucleotide position
215 (T>C) within the exon 3. As far as we examined, however, no

mutation of this gene was found in another allele. Moreover, RT-
PCR using primer sets specific for some exons including the exon 3
demonstrated no mRNA alteration in quantity and size compared
to healthy controls (data not shown). Therefore, it was unlikely
that truncation or instability of this gene occurred in our patient.
His family history suggested that the inheritance was recessive,
although there was no DCS patient among his relatives. It remained
unsolved whether he had another undefined mutation of the CGI-
58 in another allele (compound heterozygous) or whether he
harboured any posttransriptional alteration in this gene. Recent
findings of the CGI-58 gene expanded the clinical and mutational
spectrum and underlie the genetic heterogeneity of this disease
[21]. Alternatively, unknown mutations of other gene including the
ATGL gene, might play a role [10], since mutations of CGI-58 were
not invariably found in clinically typical patients with DCS [15,17].

In the present study, a lipid analysis of scales from the DCS
patient revealed elevated TG levels in the epidermis, which was
correlated with the clinical severity of ichthyosis. A decrease in FFA
levels in the epidermis could be also attributed to a dysfunction of
ATGL in this patient. Since cholesterol, ceramides, and FFA
comprise intercellular lipids of the stratum corneum, a decrease
in FFA levels could affect the integrity of the cornified layer [22,23].
These abnormalities might contribute to development of ichthyo-
sis in this patient. It is, however, unclear why permeability barrier
remained intact in our patient, while the water holding capacity
was markedly decreased in the involved lesions. Akiyama and
coworkers recently demonstrated that CGI-58 knockdown reduced
expression of keratinocyte differentiation markers including
filaggrin [13], which plays an important role in retaining stratum
corneum water.

New pieces of puzzle come from the finding of seasonal
fluctuation of ichthyosis severity in this patient and a previous case
[8], presumably depending on the environmental temperature. In
both cases, summer was an aggravating season. Elevation of
temperature might affect the ATGL activity, if any left, or other
lipolysis pathways, for example, the hormone sensitive lipase-
dependent pathway [18]. Therefore, it should be clarified how the
mutated CGI-58 in our patient impaired the ATGL, and whether
ATGL, if any, or other compensatory lipase activity were
temperature-sensitive. Haemmerle et al. have demonstrated that
ATGL™/~ mice showed defective cold adaptation because they
could not produce FFAs to fuel thermogenesis [18]. We assume that
ATGL activity could be decreased upon elevated environmental
temperature because relatively reduced requirement of FFAs to be
provided. In a patient like our case, impaired CGI-58 activity
further might attenuate the ATGL activity at high temperature. To
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verify this, lipase activity assay from the patient’s cells will be
required to see whether heat stimulation worsens it, which would
be reversed by introduction of wild-type CGI-58 gene.
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TO THE EDITOR

Dorfman-Chanarin syndrome (DCS) is
an autosomal recessive, neutral lipid
storage  disorder with ichthyosis
(NLSDI) due to loss-of-function muta-
tions in CGI-58 (a/B-hydrolase domain-
containing protein 5, ABHD5). CGI-58
encodes a 39kDa protein, a widely
expressed cofactor in  mammalian
tissues including epidermis that acti-
vates adipose triglyceride (TG) lipase
(reviewed in Schweiger et al., 2009;
Yamaguchi and Osumi, 2009), as well
as other still unidentified TG lipases
(Radner et al., 2009). CGI-58 expres-
sion increases during keratinocyte
differentiation; and conversely, knock-
down of this cofactor reduces keratino-
cyte differentiation (Akiyama et al.,
2008). Epidermal permeability barrier
defects due in part to lamellar/nonla-
mellar phase separation of secreted
lipids, within extracellular domains of
the stratum corneum (SC) have been
proposed to account for the barrier
abnormalities in NLSDI (Elias and
Williams, 1985; Demerjian et al.,
2006). Although defective extracellular
lipid organization clearly is one con-
tributor (Demerjian et al., 2006), we
assessed whether diversion of free fatty
acid (FA) into esterified lipids causes
lipid abnormalities that further impact
barrier formation.

We recently reported a DCS patient
with a, to our knowledge, previously
unreported CGI-58 missense mutation
(Ujihara et al., 2010), exhibiting abnor-
mal barrier-related structures resem-
bling other NLSDI patients (Demerjian

et al., 2006). Both mild and severely
affected ichthyotic SCs revealed in-
creased TG and decreased FA levels in
comparison with SC fraction from
normal subjects (Ujihara et al., 2010).
Pertinently, the extent of the increase in
TG levels correlated with site-specific
differences in the severity of the derma-
tosis (Ujihara et al., 2010). These
observations suggest that divergence
of FA to TG contributes to disease
phenotype in NLSDI.

We previously showed that o-O-
acylceramides (or acylCer) that have
only been identified in differentiated
layers of epidermis in terrestrial mam-
mals are essential constituents of the
epidermal permeability barrier; that is,
lack of acylCer formation results in
neonatal death due to abnormal
epidermal permeability barrier function
(Vasireddy et al., 2007). AcylCer and
the de-w-O-esterified form (w-hydroxy
[@-OH] ceramide [Cer]) are present
either as free (unbound) or bound
species (Uchida and Holleran, 2008).
The latter form a continuous lipid
monolayer, the corneocyte-bound lipid
envelope (CLE); that is, a pool of ®-OH
Cer, which is covalently bound to the
external surface of the cornified envel-
ope (Uchida and Holleran, 2008).
Although free acylCer are critical for
the formation of the lamellar mem-
branes (Bouwstra et al, 1998), our
previous studies suggest the CLE is also
important for normal permeability
barrier function (Behne et al., 2000).
Prior studies suggest that FAs der-
ived from TG are used in the

Abbreviations: acylCer, acylceramide; Cer, ceramide; CGI-58, Comparative Gene Identification-58;
CLE, bound lipid envelope; DCS, Dorfman-Chanarin syndrome; FA, fatty acid: KC, keratinocyte;
NLSDI, neutral lipid storage disorder with ichthyosis; w-OH, omega hydroxy; SC, stratum corneum;

TG, triacylglyceride
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o-O-esterification step to form acylCer
(Wertz and Downing, 1990). Moreover,
TG, linoleate, and acylCer, but not
phosphoglycerolipid content, decline
in acyl-CoA: diacylglycerol acyltrans-
ferase-2-deficient mice, which also
show a permeability barrier abnormal-
ity (Stone et al.,, 2004). In addition,
linoleate, which is the predominant FA
that is used for w-O-esterification, is
enriched in TG in mouse skin (Stone
et al., 2004). Thus, we hypothesized
that a failure of TG hydrolysis, due to
abnormal CGI-58 function, could at-
tenuate permeability barrier formation
in NLSDI by decreasing acylCer con-
tent of affected SC.

Therefore, we first investigated the
lipid profiles in solvent extracts of SC
from this DCS patient (Ujihara et al.,
2010). Neither cholesterol (Ujihara
et al., 2010) nor total (bulk) Cer
(Figure 1a) content was altered. Yet,
Cer comprises a family of at least
10 species in humans (Uchida and
Holleran, 2008). Because not only bulk
Cer amount but also each individual
Cer species contributes to the formation
of competent lamellar structures re-
quired for barrier function (Bouwstra
et al, 1998), we subfractionated Cer
into individual Cer species. Whereas
the major Cer subfractions, NS (Cer 2),
NP (Cer 3), and AS (Cer 5) were not
significantly altered, acylCer were
present at only trace levels in the
patient sample (Figure 1b; because
sample amounts were limited, other
minor Cer species; that is, EOH (Cer 4),
AP (Cer 6) (AP), AH (Cer 7) could not be
quantitated) (abbreviations for Cer
structures are according to Motta.
et al. and Robson K. et al., details
reviewed in Uchida and Holleran,
2008).
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Figure 1. Lipid profile in the stratum corneum. Both unbound acylCer and bound w-OH Cer deficiencies occur in a Dorfman-Chanarin syndrome (DCS) stratum
corneum (SC) (a~c), whereas diminished CGI-58 expression decreases acylglucosylCer production (d). Normal SC from sunburn lesion as controls. CHK
transfected with lentivirus-expressed shRNA (CGI-58 or control vector) were cultured in differentiation-inducing medium (Uchida et al., 2001). Lipids were
isolated from SC or cells and quantitated using thin-layer chromatography-scanning densitometry as described previously (Uchida et al., 2001). n=1 (DC) and
n=13 (normal). All studies were approved by the institutional ethics review boards (Kochi University and University of California, San Francisco) and were
performed according to the Declaration of Helsinki Principles.

Figure 2. Electron micrographs display lack of continuous lipid monolayer, CLE, in the SC from
two DCS patients (Demerjian et al., 2006) vs. normal subject (inset, N). Skin samples were fixed
in Karnovsky's fixative, and post-fixed with ruthenium tetroxide or osmium tetroxide, as previously
described (Behne et al., 2000). Ultrathin sections were examined, after further contrasted with lead
citrate, with a Zeiss 10A (Carl Zeiss, Thornwood, NY) (Behne et al., 2000). Arrows (with solid line,
presence and with dotted line, absence) indicate CLE structures. Bars =100 nm.

Not only bound o-OH Cer, but also
bound ©-OH FA (resulting from the
subsequent hydrolysis of some bound
©-OH Cer by ceramidase) decline
significantly in DCS (Figure 1c). As with
TG accumulation (Ujihara et al., 2010),
the decrease in these bound lipids
reflects disease severity. Accordingly,

this patient, as well as in two additional
DCS patients (Demerjian et al., 2006),
lacked CLE on ultrastructural analysis of
affected SC (Figure 2).

Finally, we investigated whether
the decreased acylCer in DCS is
due to a gain-of-function of mutation
in CGI-58, rather than a deficiency of
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TG-derived FA. A substantial decrease
in acylglucosylCer (=acylCer precur-
sor), but not in other glucosylCer
species, was evident in lentivirus-ex-
pressed CGI-58 shRNA-treated cultured
human keratinocytes (Figure 1d).
Hence, by facilitating the lipolysis of
TG, CGI-58 provides FA for -O-
esterification leading to acylCer forma-
tion. The recent demonstration of a
lethal, postnatal permeability barrier
defect and deficiency of both acylCer
and bound ©-OH Cer in cgi-58-null
mice (Radner et al, 2009) further
supports this conclusion.

We conclude from these and pre-
vious studies that CGI-58 not only
facilitates TG lipolysis but also provides
FA for the w-O-esterification of Cer
leading to acylCer production, as
well as bound w-OH Cer generation
leading to CLE formation (see Supple-
mentary Figure ST online). These studies
highlight that the deficiency of an
essential barrier constitute, acylCer, likely
contributes to the permeability barrier



abnormality in DCS. Although the
function of the CLE is still unclear, a
role as a necessary scaffold for the
lamellar bilayer organization is likely
(Uchida and Holleran, 2008). Thus, CLE
deficiency, coupled with disorganization
of extracellular lamellar bilayers, likely
merge to provoke the barrier abnor-
mality in NLSDI (see Supplementary
Figure S2 online). Finally, to overcome
this metabolic disadvantage in forming
the epidermal permeability barrier, epi-
dermal proliferation likely increases,
which in turn results in hyperkeratosis,
phenotypic features common to virtually
all of the ichthyoses (Demerjian et al.,
2006; Akiyama et al., 2008), that is, ‘A
compromised permeability barrier ‘drives’
the hyperproliferative epidermis in NLSDI
and other ichthyoses’ (Elias et al., 2008).
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TO THE EDITOR

The risk of developing human papillo-
mavirus (HPV)-related benign and
malignant cutaneous lesions is mark-
edly increased in immunosuppressed
people such as organ-transplant recipi-

ents (Harwood et al., 2000) and HIV-
infected patients (Grulich et al., 2007;
Stier and Baranoski, 2008). Although
HPV DNA in plucked eyebrow hair has
been well investigated (Boxman et al.,
1997) in renal transplant recipients and

Abbreviations: HPV, human papillomavirus; ICP, immunocompetent patient
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immunocompetent patients (ICPs) and
correlated with both benign and malig-
nant cutaneous lesions (Struijk et al.,
2003; Plasmeijer et al., 2009), very little
is known about HPV prevalence in
eyebrow hair from HIV patients.

The study design was approved by
the research ethics committee and all
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Darier disease (DD; Darier-White disease; OMIM 124200) is an autosomal dominant inher-
ited disorder." Clinically, it is characterized by recurrent and multiple hyperkeratotic papules
or nodules affecting the trunk and flexural aspects of the extremities.' Characteristic histo-
pathological features are dyskeratotic cells in the form of corps ronds and grains, suprabasal
acantholysis forming suprabasal lacunae and irregular upward proliferation into the lacunae
of papillae lined with a single layer of basal cells, the so-called villi.” The causative gene is
ATP2A2 (OMIM 108740) on chromosome 12, which encodes the sarco/endoplasmic reticu-
lum calcium pump ATPase (SERCA2).”

Clinical variants include the hypertrophic, vesiculobullous, hypopigmented, cornifying,
zosteriform and linear subtypes, and the rare subtype comedonal Darier disease (CDD)."*™
CDD tends to appear in seborrhoeic areas. The characteristic morphological features are
prominent follicular involvement, sometimes associated with keratotic plugs, and the pre-
sence of greatly elongated dermal villi and papillary projections. There have been no con-
clusive reports on the aetiology of CDD and it is still controversial as to whether or not
CDD is a variant of DD, and if it is caused by ATP2A2 gene mutations, although a combina-
tion of CDD and classic DD was reported in one patient.” The present study identifies a pre-
viously unreported three-base deletion mutation in ATP2A2 in a patient with CDD.

Patient and methods

A 22-year-old Japanese man presented with acne-like comedo-
nal lesions on the face and chest, most densely distributed on
the forehead, cheeks, back, axillae and chest. The comedonal
lesions had first appeared in his teens and had gradually
increased in number. Physical examination showed open
comedones, closed comedones, red papules, nodules, cysts and
ice-pick scars (Fig. 1a,b). His parents were clinically healthy,
without any skin problems. He had been treated with oral
biotin, Korean ginseng, an antihistamine, topical bufexamac
ointment, calcipotriol ointment and betamethasone butyrate
propionate ointment without any improvement. Histopatholo-
gical observations revealed suprabasal acantholytic clefts and
numerous dyskeratotic cells (corps ronds) in the outer root
sheath in the affected follicular infundibulum, which was
surrounded by plasma cells and lymphocytes (Fig. 1c,d). We
made a diagnosis of CDD. Oral etretinate 10 mg daily com-
bined with adapalene gel remarkably improved most of the
skin lesions, except those on the forehead.

Polymerase chain reaction (PCR) amplification and direct
sequencing of the entire coding region and exon/intron bound-

© 2009 The Authors

aries of ATP2A2 were performed using the proband’s and his
parents’ genomic DNA samples and genomic DNA samples from
50 healthy Japanese individuals as controls. A detected mutation
was verified by mutant allele-specific amplification analysis®
with mutant allele-specific primers carrying the substitution of
two bases at the 3’ end, a PCR product band derived from the
mutant allele.

This study was approved by the Hokkaido University
Medical Ethics Committee and conducted according to the
principles of the Declaration of Helsinki. All clinical samples
were obtained with informed consent.

Results and discussion

Direct sequencing of ATP2A2 in the proband’s genomic DNA
revealed a heterozygous three-base deletion c.120_122delGTT
in exon 2, which causes deletion of leucine at the 41st amino
acid residue from the amino terminus (p.Leu4ldel). This
mutation was not detected in his parents nor in 100 normal
unrelated alleles from 50 healthy individuals (Fig. 2). No
other pathogenic mutations were detected within ATP2A2 in
the patient’s DNA. By mutant allele-specific amplification ana-
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lysis,® a PCR product band derived from the mutant allele was

amplified from the patient’s genomic DNA, but not from
either parent nor from the control DNA samples.

Since the first description of CDD by Derrick et al.,* only
seven cases including the present one have been reported. The
present case is the first in which a causative mutation has been
identified. ATP2A2 gene mutations in DD have been reported
to result in alterations in calcium signalling during keratino-
cyte differentiation, causing acantholytic dyskeratosis.>**'® The
function of SERCA2 is to pump calcium from the cytosol to
the endoplasmic reticulum and to excite oscillation of calcium
spikes in the cytosol.'’™'® The mutation site in our patient
localized to the first stalk (S1) of SERCA 2. The SI1 region
adjacent to transmembrane helices is considered to be highly
conserved at the amino acid level by many species.” p.Leu41-
del in S1 of SERCA2 is considered to impair calcium-binding
sites in the a-helix of the region that contains a signal for sar-
co/endoplasmic reticulum localization, and to change the con-
served alignment of five glutamic acid residues.'’"'* Several
mutations in the S1 region of ATP2A2 in DD have been
reported.>'*'*'¢ In addition, the dephosphorylation process
of SERCA2 is thought to be important for Ca’" ion release
into the lumen by SERCA2 and, recently, Miyauchi et dl.'”
reported that both p.leu4ldel and p.Pro42del mutations

Fig 1. Unique clinical and histological
features of comedonal Darier disease in the
patient. (a, b) Open comedones, closed
comedones, red papules, nodules, cysts and
ice-pick scars are present on the face. (c, d)
Histology of the comedonal lesions. Dilated,
cystic hair follicles with keratin plugs are seen
in the dermis (c). Suprabasal acantholytic
clefts and numerous dyskeratotic cells in the
form of corps ronds are apparent in the outer
root sheath in the affected follicular
infundibulum (d). Bars = 100 mm.

inhibit the dephosphorylation process. The present
¢.120_122delGTT mutation has not been reported, although a
heterozygous deletion of the identical leucine residue,
c.121_123delTTA  (p.Leu4ldel), was
patient.'* The patient showed severe hypertrophic scar forma-

reported in one
tion in addition to common DD skin manifestations and had
severe emotional problems and a family history of suicide.'®
Our patient with CDD had a quite different skin phenotype
and showed no mental problems. We do not know exactly
why the phenotype differs between our case and the pre-
viously reported cases. There is a possibility that a silent muta-
tion or allelic variant of ATP2A2 may have affected the
phenotypic expression in our patient and/or the previously
reported cases. Certain environmental factors, such as mechan-
ical trauma, sun exposure, heat and sweating often define a
phenotype of DD,” and such factors may be related to the for-
mation of the CDD phenotype in our patient, because the face
is more frequently affected than other body sites by environ-
mental factors. Further functional studies are required to eluci-
date the pathomechanisms of CDD, a unique phenotype of
DD. Interestingly, an ATP2A2 mutation was reported to under-
lie two cases from one British family with another unique
phenotype, acrokeratosis verruciformis (AKV), providing evi-
dence that AKV and DD are allelic disorders.'® On the other
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