Sarcoidosis is known to be complicated by a variety of
immunological diseases including malignant lymphoma,
autoimmune diseases and multiple myeloma, and scleroe-
dema is associated with infections, paraproteinaemia and
multiple myeloma. Some previous studies have shown an
increase in amounts of proal(l) collagen mRNA in both
sarcoidosis and scleroedema lesions.> Some common fac-
tors in the pathogenesis of two diseases might therefore be
involved in this patient.
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Table 2 Confounding factors in skin sensitivity testing

effect of reproductive hormones on skin disorders have been

somewhat hampered, however, by the fact that individual
patient sensitivity varies widely and by a body of research that
has employed diverse research parameters, such as dosage,
testing sites, concentration, vehicle of irritant delivery, and
method of assessment. Further research, with strict attention
to standardizing experimental parameters and limiting com-
pounding factors, will help to elucidate the biochemical basis
for the observed effects of progesterone and oestrogen levels
on skin health. Dermatologists should be aware that the men-
strual cycle can affect the sensitivity of women to primary irri-
tants and can affect their allergic response.
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Autoantibodies against type XVII collagen
C-terminal domain in a patient with bullous
pemphigoid associated with psoriasis vulgaris

DOI: 10.111 }/] 1365-2133.2008.08961.x

SR, Bullous pemphigoid (BP) has been reported to develop
occasionally in patients with psoriasis vulgaris.'? BP with pso-
riasis vulgaris is typically associated with autoantibodies
against type XVII collagen (Col17) with the main antigenic
16a (NCléa)
domain.” We report the first patient with BP associated with

site occurring within the noncollagenous

psoriasis vulgaris whose autoantibodies targeted the C-terminal
domain of Coll7. In addition, our patient also exhibited gas-
tric carcinoma, similar to other patients with BP in whom
internal malignancies have been reported.

A 64-year-old Japanese man with 6-year history of psoriasis
vulgaris presented with an extensive eruption that had started
3 days previously with numerous pruritic, tense bullae on a
background of psoriatic plaques over his entire body
(Fig. 1a). Palmoplantar bullous lesions were also severe
(Fig. 1b) and there were erosions on his lips (Fig. 1¢) but not
on the genital area nor on the oral mucosa. He had never
received psoralen + ultraviolet (UV) A (PUVA) or narrowband
UVB therapy.
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Fig 1. Clinical features. (a) Tense bullae and psoriatic plaques on the
back. (b) Bullae and oedematous erythema on the palms. (c) Erosion
on the lips.

Skin biopsies were taken from two psoriatic plaques, one
with and one without a blister. Histopathology of the first
biopsy showed subepidermal blistering with an abundant infil-
trate mainly of neutrophils and lymphocytes, and a small
number of eosinophils. Parakeratosis and regular acanthosis
were also seen around the roof of the blister (Fig. 2a). Histol-
ogy of the typical psoriatic plaque without a blister dem-
onstrated psoriatic-like regular acanthosis, parakeratosis, a
subepidermal neutrophilic abscess and limited eosinophilic
infiltration in the dermis (Fig. 2b).

Direct immunofluorescence (IF) from the specimen around
the blister revealed linear C3 and IgG deposits along the base-
ment membrane zone but no IgA or IgM deposits (Fig. 3a).
Indirect IF (IIF), using normal human skin as substrate, dem-
onstrated a high titre of circulating IgG autoantibodies against
the dermal-epidermal junction (> 1 : 160). IIF on 1 mol L™*
NaCl-split skin revealed linear IgG deposition on both epider-
mal and dermal sides of the split (> 1 : 40) (Fig. 3b). Using
an enzyme-linked immunosorbent assay (ELISA) to measure
IgG against the NC16a domain of Col17, the index value was
low at 12 IU (normal < 9). Immunoblot assays revealed that
the patient sera reacted with the recombinant C-terminal
domain of Col17* and with BP230 using human epidermal
(Fig. 3c). 290-kDa
epidermolysis bullosa acquisita (EBA) antigen, anti-p200

extracts Autoantibodies against the
pemphigoid antigen, laminin 332 chains and recombinant

Col17 NC16a domain were not detected by immunoblot.

Fig 2. (a) Subepidermal blister with an abundant infiltrate of
neutrophils and lymphocytes in a specimen from a bulla on the
psoriatic plaque. (b) Subepidermal neutrophilic abscess with
neutrophils in a specimen from a psoriatic plaque without bullae

(haematoxylin and eosin).

The patient also had the complication of gastric cancer
discovered through gastric fibrescope examination. Biopsy
revealed a carcinoma in situ. Computed tomography did not
show any metastases of this gastric cancer. We diagnosed our
patient as having BP with antibodies positive for the anti-
Col17 C-terminal domain, associated with psoriasis vulgaris
and gastric carcinoma. Administration of oral prednisolone
35 mg daily (0'5 mg kg™’ daily) improved skin and oral
involvement and he remained well controlled with predniso-
lone 10 mg daily. The gastric carcinoma in situ was removed
endoscopically.

1t is widely thought that BP is a subepidermal autoimmune
blistering disease with autoantibodies against Coll7 involving
the skin and mucosa. BP is particularly associated with auto-
antibodies to Coll17, with the major antigenic site being
within the extracellular NC16a domain. ELISA using NC16a
recombinant protein fragments is a valuable tool for the defi-
nite diagnosis of BP and for repeated, consistent monitoring
of disease activity. Recent studies, however, have demonstrated

© 2008 The Authors
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Fig 3. (a) Direct immunofluorescence from a specimen around the
blister revealed a linear IgG deposition along the basement membrane
zone. (b) Indirect immunofluorescence on 1 mol L™ NaCl-split

skin revealed a linear IgG deposition on both sides of the epidermal
and the dermal separation. (c) Immunoblot analysis using Coll7
C-terminal recombinant protein. Lane 1, serum from a patient with
mucous membrane pemphigoid (PC); lane 2, normal control serum
(NC); lane 3, the patient’s serum (Pt).

that the reactivity of BP sera is not restricted to the NCl6a
domain.” It has been reported that 9% of BP sera do not react
with the NCl16a domain in immunoblot analysis. Moreover,
in 20 cases of mucous membrane pemphigoid, nine sera rec-
ognized the NCl6a domain, and three of the 20 sera reacted
with epitopes in either the mid-portion or the C-terminus of
Col17.?

IIF on 1 mol L™' NaCl-split skin revealed linear deposition
of antibodies to the C-terminal domain of Col17 on only the
epidermal side but, in our case, IIF revealed deposition on
both epidermal and dermal sides of the split. We performed
immunoblot assays of autoantibodies against the 290-kDa EBA
antigen, anti-p200 pemphigoid antigen, laminin 332 chains
and recombinant Col17 NC16a domain, but all were negative.
In a previous report, antibasement membrane zone antibodies
reacting to both the dermal and epidermal sides were demon-
strated by IIF in 2% of cases of BP, and the C-terminal domain
of Col17 is present in the lamina densa under the lamina lucida,
so it is possible for antibodies to the C-terminal to react to
both epidermal and dermal sides in split-skin IIF.

© 2008 The Authors
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The combination of psoriasis with autoimmune subepi-
dermal bullous disease, for instance BP,'? linear IgA bullous

7 or EBA,® has been reporied. Recently, especially

dermatosis
in the Japanese population, several cases of the combination of
psoriasis with anti-p200 pemphigoid have been reported.''>®
Autoantibodies to p200 protein were not detected in the pres-
ent case by immunoblot assay. To the best of our knowledge
there have not been any previous reports of patients with BP
associated with psoriasis vulgaris whose sera reacted with the
C-terminal domain of Col17. There have been several reports
on the association between BP and psoriasis vulgaris but the
pathogenic significance of this relationship is unknown. There
have been no reports which showed the association of other
diseases with antibodies to the C-terminal domain, and the
causal relationship is also not clear. PUVA or UVB therapy for
psoriasis may trigger the development of BP but our patient
had not received any PUVA or UVB therapy.'®

We have described the first case of psoriasis vulgaris with
BP autoantibodies against the C-terminal of Coll7 protein
which was successfully treated. We hope that any future cases
may shed more light on the pathomechanisms of this disease.
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Folliculosebaceous cystic hamartoma differen-
tiates toward the infundibulum, sebaceous
duct and sebaceous cells: immunohistochemical
study of keratins and filaggrin

DOI: 10.111 l/} 1365-2133.2008.08964.x

S, Folliculosebaceous cystic hamartoma (FSCH) is a rare
cutaneous hamartoma with varying proportions of epithelial

components and mesenchymal overgrowth.! The epithelial
components consist of an infundibular cystic structure to
which mature sebaceous lobules are attached via sebaceous
ducts. The histogenesis of FSCH remains unclear.

We report a case of FSCH occurring on the nasolabial fold
in an elderly Japanese man. To determine the differentiation
of FSCH, we performed an immunohistochemical study of
keratins®* and filaggrin® (filament aggregating protein). To our
knowledge, this is the first report of FSCH with an immuno-
histochemical study of keratins and filaggrin. Since this tumour
was first described by Kimura et dl. in 1991, about 30 cases
have been reported.’

A 78-year-old man presented with a 3-year history of a
slow-growing, pink-yellow, elastic hard, pedunculated asymp-
tomatic nodule 17 X 13 mm in size on the right side of his
nose. Specimens were fixed in neutral formalin, embedded in
paraffin and stained with haematoxylin and eosin. Serial sec-
tions were used for the immunohistochemical study. We used
10 antikeratin antibodies: 343B4 [keratin 1 (K1)], LP5K (K7),
LP3K (K8), LHP1 (K10), LL0O22 (K14), LHK1S (K15), LLO25

Fig 1. Haematoxylin and eosin staining. (a) The tumour in the dermis and was sharply demarcated from adjacent compressed fibrous tissue of

the surrounding dermis by prominent clefts. (b) ‘Folliculosebaceous units’, which consist of infundibular cystic structures, sebaceous duct-like

structures and hypertrophic sebaceous lobules, surrounded by lamellar fibroplasia. (c) Sebaceous duct-like structure. (d) Fibroepithelial unit.

© 2008 The Authors
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Analysis of Taiwanese ichthyosis vulgaris families further
demonstrates differences in FLG mutations between

European and Asian populations
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Background Mutations in the gene encoding filaggrin (FLG) were identified to
underlie ichthyosis vulgaris (IV) and also shown to predispose to atopic eczema.
Until now, no FLG mutations have been described in the Taiwanese population.
Objectives To elucidate filaggrin mutations in the Taiwanese population and fur-
ther to clarify the population genetics of filaggrin gene mutations in the Asian
populations.

Methods In the present study, 12 individuals from four unrelated Taiwanese IV
families were examined for FLG mutations. We carried out comprehensive
sequencing of the entire FLG coding region using an overlapping polymerase
chain reaction strategy.

Results We identified three FLG mutations in the Taiwanese IV families. One muta-
tion E1795X was a previously unidentified FLG mutation, which might be spe-
cific to the Taiwanese. Interestingly, another FLG mutation 3321delA is prevalent
in the Japanese population and the other mutation Q2417X was found in the
Singaporean Chinese population. No FLG mutation identified in the white Euro-
pean population was found in the Taiwanese population.

Conclusions The present findings suggest that the Taiwanese population, as an East
Asian group, share FLG mutations with both the Japanese and the Singaporean
Chinese population. In addition, these results exemplify differences in the popu-

lation genetics of filaggrin between Europe and Asia.

Ichthyosis vulgaris (IV; OMIM 146700) is a common inher-
ited skin disorder exhibiting scaling and dry skin that is partic-
ularly prominent on the extensor surfaces of limbs and the
lower abdomen, and is associated with palmoplantar hyper-
linearity. ™ Histologically, IV is characterized by a decrease in
the size and number or complete absence of keratohyaline
granules in the upper epidermis.! Loss-of-function mutations
in the profilaggrin/filaggrin gene (FLG) which resides within
the epidermal differentiation complex on chromosome 1q21
have been identified as the cause of IV.” After establishment of
sequencing methods for the entire FIG coding region,* 22
nonsense or frameshift mutations in FLG have been reported
to date.®> Most FLG mutations are specific to particular ancestral
groups, such as the white Furopean,* Japanese®’ and Singapo-
rean Chinese populations.®

In this study, we identified three FLG mutations in Taiwan-
ese IV families. One mutation E1795X was a previously

unidentified FLG mutation which might be specific to the Tai-
wanese population. The other two mutations were recurrent
mutations previously identified in the Japanese or the Singapo-
rean Chinese population, but not in the white European popu-
lation. These results exemplify differences in the population
genetics of filaggrin between Europe and Asia.

Materials and methods

Patients

In total, 12 individuals from four unrelated Taiwanese IV fami-
lies, designated families 1—4, were examined for FLG mutations
(Fig. 1). The diagnosis of IV was established from clinical fea-
tures of variable scaling on the extremities, dry skin, palmo-
plantar hyperlinearity, early onset and a positive family history.
These Taiwanese families had no traceable Japanese or

© 2009 The Authors
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Fig 1. FLG mutations in Taiwanese ichthyosis vulgaris (IV) families. (a) Fine scaling on the patients with IV in family 1. The proband (III-1)

showed a more severe IV phenotype than her father (II-1) and mother (II-2). (b) The proband of family 1 was a compound heterozygote for a
deletion mutation ¢.3321delA and a previously unidentified nonsense mutation ¢.5383G>T (E1795X). (c) Verification of the mutation E1795X by

BfaI restriction enzyme digestion: 467-bp fragments amplified from the mutant alleles are digested into 236-bp and 231-bp fragments, whereas

those from wild-type alleles are uncut. The polymerase chain reaction products from I-2, II-1 and III-1 (heterozygotes for E1795X) revealed two

bands, 467-bp and 236-bp/231-bp bands, because 236-bp and 231-bp products were detected as one overlapping band in this gel

electrophoresis. I-1, 1I-2 and I1I-2 had only wild-type alleles. (d) Family trees and FLG mutations in the IV families studied. Solid symbols refer to

the marked IV presentation; cross-hatched symbols refer to the milder IV presentation. In addition, three of 10 patients with IV had concomitant

dermatologist-diagnosed atopic eczema (*). wt, wild-type for FLG mutations.

Buropean ancestry, and they were all from the southeast coast of
China. We performed a skin biopsy from the upper left arm of
the proband in family 4. Light microscopy and immunohisto-
chemical staining were performed as previously described® and
showed mild hyperkeratosis with a marked reduction in epider-
mal filaggrin expression compared with healthy individuals.

Mutation detection

Genomic DNA samples from peripheral blood cells of the
patients and their family members were analysed for filaggrin
mutations. The medical ethical committee at Hokkaido Univer-
sity Graduate School of Medicine and the Human Experiment
and Ethics Committee of National Cheng Kung University Hos-
pital approved all the studies. The study was conducted accord-
ing to the Declaration of Helsinki Principles. Participants or
their legal guardians gave their written, informed consent.

© 2009 The Authors

All samples from the four IV families were screened for the
six previously reported Japanese-specific mutations (3321delA,
S1695X, Q1701X, S2554X, S2889X and $3296X),%”*” as well
as the six mutations found in Singaporean Chinese (441delA,
1249insG, Q2417X, E2422X, 7945delA and R4307X).8 FLG
mutations were studied by direct sequencing, fluorescent
polymerase chain reaction (PCR) and/or enzyme digestion
assays as described previously.

To identify further mutations, we carried out comprehen-
sive sequencing of the FLG gene using an overlapping PCR
strategy that allows routine diagnostic sequencing of the entire
filaggrin coding sequence.*

Results

We identified two recurrent mutations: 3321delA, previously
reported in the Japanese population, in three families (families
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1, 3 and 4) and Q2417X, previously reported in the Singapo-
rean Chinese population, in one family (family 2) of the four
Taiwanese IV families studied here (Fig. 1).

Sequencing of the entire coding region of FLG revealed a
previously unidentified FLG mutation, E1795X, in the pro-
band, her father and paternal grandmother of family 1
(Fig. 1). Presence of the mutation E1795X was confirmed by
enzyme digestion assay using restriction enzyme Bfal (Fig. 1).
This mutation was not detected in 50 unrelated control alleles.
The proband in family 1 was compound heterozygous for
E1795X and 3321delA and showed a much more severe phe-
notype than that of her parents, consistent with the reported
semidominant pattern of inheritance.”

Discussion

Previously reported FLG mutations seem to be population spe-
cific. Several prevalent FLG mutations were reported in the
European populations.4 However, these mutations were rarely

found in the Japanese® or in the Singaporean Chinese popula-
tions.® The Japanese and the Singaporean Chinese populations
were reported to have FLG mutations specific to their own
populations (Fig. 2).°® In a single case, the European-specific
mutation R501X was identified in a Japanese family;'® how-
ever, haplotype analysis showed that the mutation was not
inherited from a European ancestor but recurred de novo in
Japan.

Until now, no FLG mutations have been described in the
Taiwanese population. In the present study, we identified
three FLG mutations in the Taiwanese population. Interest-
ingly, one FLG mutation 3321delA is prevalent in the Japanese
population.®” Another mutation Q2417X was found in the
Singaporean Chinese population.® The remaining mutation,
E1795X, is a previously unidentified FLG mutation which
might be unique in the Taiwanese population. The Taiwanese
are a mixture of people originating from both south and north
China, and native Taiwanese people. The Japanese population
comprises native Japanese and immigrants from the Asian

2282deld R1474X 5360delG 7267delCA 11028delCA
R501X 3702delG 6867delAG |[R2447X $3247X 11033del4
European 24 Q3683X
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Fig 2. Difference in FLG mutations between European and Asian populations. Molecular structure of profilaggrin and FLG mutations detected
among the European (iop) and the Asian (bottom) populations. Profilaggrin contains 10—12 highly homologous filaggrin-repeat domains. FLG
mutations among the European and the Asian populations appear to be unique. The previously identified FLG mutation 3321delA in the Japanese
population (red) and Q2417X in the Singaporean Chinese population (blue) are found in the present Taiwanese IV families. E1795X is a
previously unidentified mutation. Interestingly, the Taiwanese population shares FLG mutations with both the Singaporean Chinese population
(Q2417X) and the Japanese population (3321delA), although the Singaporean Chinese population and the Japanese population do not share any
of the known FLG mutations.
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continent via Korea or China. Thus, the present results might
be reasonable from the aspect of East Asian population genetics.

None of the previously reported FLG mutations identified in
the European population was found in the Taiwanese popula-
tion. The present results further support the notion that FLG
mutation spectra of the white European and the Asian ances-
tral groups are different, as 25-50% of patients with atopic
eczema are expected to harbour FLG mutations.™® In such
patients, skin barrier defects due to filaggrin deficiency are
thought to play an essential role in the pathogenesis of the
disease.'''? Thus, it is very important and useful for us to
know whether a patient with atopic eczema has an FLG muta-
tion or not, when we see the patient. However, every popula-
tion is likely to have a umique set of FLG mutations.
Specifically, we cannot use the prevalent European FLG muta-
tions to screen Asian patients with atopic eczema. For the
proper population-specific mutation screening, we have
to obtain information on prevalent FLG mutations in each
population. It is therefore important to clarify the worldwide
population genetics of FLG mutations.
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Chronic ultraviolet (UV) exposure can increase the occurrence of
P53 mutations, thus leading to a dysregulation of apoptosis and the
initiation of skin cancer. Therefore, it is extremely important that
apoptosis is induced quickly after UV irradiation, without any
dysregulation. Recent studies have suggested a potentially broader
role for macrophage migration inhibitory factor (MIF) in growth
regulation via its ability to antagonize p53-mediated gene activa-
tion and apoptosis. To further elucidate the possible role of MIF in
photocarcinogenesis, the acute and chronic UVB effect in the skin
was examined using macrophage migration inhibitory factor
transgenic (MIF Tg) and wild-type (WT) mice. The MIF Tg mice
exposed to chronic UVB irradiation began to develop skin tumors
after ~14 weeks, whereas the WT mice began to develop tumors
after 18 weeks. A higher incidence of tumors was observed in the
MIF Tg in comparison with the WT mice after chronic UVB
irradiation. Next, we clarified whether the acceleration of
photo-induced carcinogenesis in the MIF Tg mice was mediated
by the inhibition of apoptosis There were fewer sunburned cells in
the epidermis of the MIF Tg mice than the WT mice after acute
UVB exposure. The epidermis derived from the MIF Tg mice
exhibited substantially decreased levels of p53, bax and p21 after
UVB exposure in comparison with the WT mice. Collectively,
these findings suggest that chronic UVB exposure enhances MIF
production, which may inhibit the pS3-dependent apoptotic pro-
cesses and thereby induce photocarcinogenesis in the skin.

Introduction

Exposure to ultraviolet (UV) radiation leads to various acute delete-
rious cutaneous effects including sunburn and immunosuppression
and also long-term consequences such as premature aging and the
potential development of skin cancers (1). UV radiation, particularly
UVB, which has a wavelength of between 280 and 320 nm, has been
suggested epidemiologically and has been demonstrated experimen-
tally to be the pivotal causal factor for skin cancer in humans and
other animals (2). Chronic UVB-induced inflammation and directly
damaged DNA can be correlated with skin tumor formation (3,4).
Furthermore, the inability to adequately repair DNA after UVB irra-
diation can result in the formation of skin cancers (5). Chronic UV
exposure can increase p53 mutations, thus leading to a dysregulation
of apoptosis, an expansion of mutated keratinocytes and the initiation
of skin cancer (6).

Abbreviations: CPD, cyclobutane pyrimidine dimmer; IL, interleukin; MIF,
macrophage migration inhibitory factor; MIF Tg, macrophage migration in-
hibitory factor transgenic; mRNA, messenger RNA; PBS, phosphate-buffered
saline; TUNEL, terminal deoxynucleotidyl transferase nick end labeling; TNF,
tumor necrosis factor; UV, ultraviolet; WT, wild-type.

*These authors contributed equally to this work.

There is emerging evidence that keratinocytes participate in cuta-
neous inflammatory reactions and immune responses by producing
a variety of cytokines. UV irradiation may trigger cutaneous inflam-
matory responses by stimulating epidermal keratinocytes to produce
biologically potent cytokines such as interleukin (IL)-1 (7,8), IL-6 (9)
and tumor necrosis factor (TNF)-a (10). These cytokines are involved
not only in the mediation of local inflammatory reactions but also play
discrete roles in tumor promotion (11).

The cytokine macrophage migration inhibitory factor (MIF) was
first discovered 40 years ago as a T-cell-derived factor that inhibited
the random migration of macrophages (12,13). Recently, MIF was
reevaluated as a proinflammatory cytokine and pituitary-derived hor-
mone that potentiates endotoxemia (14). Subsequent work has showed
that T cells and macrophages secrete MIF in response to glucocorti-
coids as well as upon activation by various proinflammatory stimuli
(15). It has been reported that MIF is expressed primarily in T cells
and macrophages; however, recent studies have revealed this protein
to be ubiquitously expressed in various cells (16-20). Skin melanoma
cells express MIF messenger RNA (mRNA) and produce MIF protein
(21). The expression of MIF mRNA and the production of MIF pro-
tein have been shown to be much higher in human melanoma cells
than in cultured normal melanocytes. Therefore, MIF functions as
a novel growth factor that stimulates uncontrolled growth and in-
vasion of tumor cells (16,21,22). In addition, recent studies have
suggested a potentially broader role for MIF in growth regulation
because of its ability to antagonize p53-mediated gene activation
and apoptosis (23,24).

In the skin, keratinocytes are capable of producing a variety of
cytokines and are thought to be a principal source of cytokines from
the epidermis after UV irradiation. Previous studies have shown en-
hanced MIF production in the skin after UVB irradiation (25,26).
Solar UV light is a combination of both UVB and UVA wavelengths,
each of which stimulate MIF production in both keratinocytes and
fibroblasts in the skin. To further elucidate the possible role of MIF in
UV-induced carcinogenesis and cell apoptosis, the acute and chronic
effect of UVB in skin carcinogenesis was examined using macro-
phage migration inhibitory factor transgenic (MIF Tg) mice.

Materials and methods

Materials

The following materials were obtained from commercial sources. The Isogen
RNA extraction kit was obtained from Nippon Gene (Tokyo, Japan); the DNA
random primer labeling kit from Takara (Kyoto, Japan); [>*P]dCTP from
DuPont-NEN (Boston, MA); anti-CPDs polyclonal antibody from Cosmo
Bio Co, Ltd (Tokyo, Japan); anti-p53 polyclonal antibody from Novocastra
Lab (Newcastle, UK); anti-p21 polyclonal antibody and anti-BAX polyclonal
antibody from Santa Cruz Biotechnology (Santa Cruz, CA) and anti-B-actin
antibodies purchased from Sigma—Aldrich Co (St Louis, MO); the western blot
detection system was obtained from Cell Signaling Technology (Beverly, MA).
The anti-MIF polyclonal antibody was prepared as described previously (27).
The Cell Death Detection Kit was provided from Roche Molecular Biochemicals
(Indianapolis, IN). Other reagents were of analytical grade.

Mice

The MIF-overexpressed transgenic mice were established following cDNA
microinjection and the physical and biochemical characteristics, including
body weight, blood pressure, serum levels of cholesterol and blood sugar, were
normal as reported previously (28). The expression of the transgene was reg-
ulated by a hybrid promoter composed of the cytomegalovirus enhancer and
B-actin/B-globin promoter, as reported previously (29). Strain of original MIF-
Tg is ICR and backcrossed with C57BL/6 for at least 10 generations. Tg mice
were maintained by heterozygous sibling mating. Transgenic and wild-type
(WT) mice were maintained under specific-pathogen-free conditions at the
Institute for Animal Experiments of Hokkaido University School of Medicine.
Experiments using mice were conducted according to the guidelines set out by
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the Hokkaido University Institutional Animal Care and Use Committee under
an approved protocol. All experiments were performed on 8-week-old male
adult mice.

UVB irradiation

UVB light source was a FL20SE30 (Clinical Supply Co, Tokyo, Japan) fluo-
rescent lamp that emits 1.0 mW/cm? of UV between 280 and 370 nm (peak 305
nm) at a distance of 25 cm, as measured by UV radiometer (Torex Co, Tokyo,
Japan). In short-term UVB experiments, MIF Tg and WT mice had their backs
shaved with electric clippers and exposed to 200 mJ/cm? UVB. After UVB
irradiation, the mice were euthanized at the indicated time points. Skin sections
were excised from the dorsal surface and used for western blot analyses or
immunohistochemical staining. In some experiments for UVB-induced cuta-
neous inflammation, UVB radiation was administered three times weekly (on
days 1, 3 and 5) and skin was obtained on day 7. To examine UVB-induced
carcinogenesis, MIF Tg and WT mice had their backs shaved with electric
clippers once a week and were UVB irradiated in separate compartments of
a modified mouse cage. An incrementally graded UV protocol was used (30):
three times weekly a UV dose was delivered of 2.25 kJ/m? for 12 treatments
(weeks 1-4), 4.05 kI/m? for 24 treatments (weeks 5-12), 5.1 kJ/m? for 12
treatments (weeks 13-16) and 6 kJ/m? for 33 treatments (week 17 to the end
of the experiment at the 27th week).

Skin tumors

Mice were monitored for tumor formation each week. The time to tumor de-
velopment was taken as the time up to the appearance of a palpable swelling
>1 mm subsequently diagnosed as a tumor on histopathological examination
after 27 weeks. The tumor size was estimated after 27 weeks using orthogonal
linear measurements made with Vernier calipers according to the following
formula: volume (mm?) = [(width, mm)? x (length, mm)}/2. The tumors were
excised and preserved in 10% formalin, sectioned, stained with hematoxylin
and eosin and examined microscopically. The groups each contained 12 MIF
Tg and 12 WT mice.

Northern blot analysis

Total cellular RNA was isolated from the epidermis using an Isogen extraction
kit according to the manufacturer’s protocol. The epidermis was separated
from the dermis by incubation in 0.5% dispase in RPMI 1640 at 37°C for
1 h. RNA was quantified by spectrophotometry and equal amounts of RNA
(10 pg) from each sample were loaded on a formaldehyde—agarose gel. The gel
was stained with ethidium bromide to visualize the RNA standards and the
RNA was transferred onto a nylon membrane. Fragments obtained by restric-
tion enzyme treatment for MIF and glyceraldehyde-3-phosphate dehydroge-
nase were labeled with [¢-3?P]JdCTP using a DNA random primer labeling kit.
Hybridization was carried out using the mouse MIF cDNA probe as previously
described (28). The membrane was washed twice with 2x saline and sodium
citrate (16.7 mM NaCl, 16.7 mM sodium citrate) at 22°C for 5 min, twice with
0.2x saline and sodium citrate containing 0.1% sodium dodecyl sulfate at
65°C for 15 min and twice with 2x saline and sodium citrate at 22°C for
20 min prior to autoradiography. A quantitative densitometric analysis was
performed using an MCID Image Analyzer (Fuji Film, Tokyo, Japan). The
density of MIF bands was normalized by the intensities of glyceraldehyde-3-
phosphate dehydrogenase.

Western blot analysis

The epidermis of each mouse was homogenized with a Polytron homogenizer
(Kinematica, Lausanne, Switzerland). The protein concentrations of the cell
homogenates were quantified using a Micro BCA protein assay reagent kit.
Equal amounts of homogenates were dissolved in a 20 pl solution contained
of Tris—HCl, 50 mM (pH 6.8), containing 2-mercaptoethanol (1%), sodium
dodecyl sulfate (2%), glycerol (20%) and bromophenol blue (0.04%) and the
samples were heated to 100°C for 5 min. The samples were then subjected to
sodium dodecy! sulfate—polyacrylamide gel electrophoresis and electrophoret-
ically transferred onto a nitrocellulose membrane. The membranes were
blocked with 1% non-fat dry milk powder in phosphate-buffered saline
(PBS), probed with antibodies against p53, bax and p21 and subsequently
reacted with secondary IgG antibodies coupled with horseradish peroxidase.
The resultant complexes were processed for the detection system according to
the manufacturer’s protocol. The relative amounts of proteins associated with
specific antibodies were normalized according to the intensities of B-actin.

Immunohistochemical analysis

Five micrometers thick section of dorsal skin were fixed in 10% neutral buff-
ered formalin. After deparaffinization, the sections were treated with target
retrieval solution (DAKO, Carpinteria, CA), washed three times with PBS and
incubated in H,Oz/methanol/PBS solution (1:50:50) for 15 min to block en-
dogenous peroxidase activity. After three washes in PBS with 0.5% Tween, the
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sections were preincubated for 10 min in 10% normal goat serum in PBS and
then were incubated with the first antibody overnight at 4°C. After three
washes in PBS plus 0.5% Tween, the sections were incubated for 1 h at room
temperature with the secondary antibodies. After washing in PBS, staining was
performed using the Vectastain Elite ABC kit with diaminobenzidine as the
chromagen, according to the manufacturer’s instructions (Vector Laboratories,
Burlingame, CA). As a negative control, the tissue sections were stained with
normal serum and the secondary antibody.

UVB-induced apoptosis in cultured keratinocytes of MF Tg and WT. Mouse
keratinocyte (second passage) from MIF Tg or C57BL/6 mice were irradiated
with UVB at 50 mJ/cm?2. After 24 h, irradiated cells were analyzed for terminal
deoxynucleotidy! transferase nick end labeling (TUNEL) assay or western blot
for p53.

TUNEL assay. Cells undergoing apoptosis were detected using TUNEL ac-
cording to the manufacturer’s recommended procedure (R&D Systems,
Minneapolis, MN). For statistical analysis, apoptotic cells were counted by
light microscopy (x 100) and expressed as the mean number (SD) of apopto-
tic cells per section. Five random fields per section (one section per mouse, five
mice per group) were analyzed.

Cultured apoptotic cells were also detected using TUNEL. Incorporated
fluorescein was detected by anti-fluorescein monoclonal antibody Fab frag-
ments from sheep, conjugated with alkaline phosphatase.

Statistics

Values are expressed as the mean + SEM of the respective test or control group.
Statistical significance between the control group and test groups was evalu-
ated by either the Student’s #-test or one-way analysis of variance.

Results

Enhanced expression of MIF in MIF Tg mice epidermis

MIF expression in the MIF Tg mouse epidermis was first examined
after UVB irradiation. Northern blot analysis revealed that 16 h after
200 mJ/cm? UVB irradiation, MIF Tg mice showed higher levels of
MIF mRNA expression even before irradiation. After UVB exposure,
the MIF mRNA expression dramatically increased in comparison with
that of the WT mice (Figure 1).

MIF

GAPDH

1.5

1.25

0.75
0.5

0.25

uve () *) ) *)

wT MIF Tg

Fig. 1. Enhanced expression of MIF in the MIF Tg mouse epidermis after
UV exposure. The expression of MIF mRNA was examined. Total RNA was
isolated at 16 h after UVB (200 mJ/cm?) and analyzed by northern blotting.
MIF Tg mice (n = 5) showed higher levels of MIF mRNA expression even
before irradiation. After UVB exposure, MIF mRNA expression dramatically
increased in comparison with that of WT mice (n = 5). The experiments
were repeated three times with similar results.

—346—



Photocarcinogenesis in MIF transgenic mice

120

~&~ MIF Tg
1004 ~O—WwWT

4

g

2 801

=

*

2

o 60

2

£

€ 40 1

8

[

a.
20 4

xs

14151617 181920 21 2223 24

Weeks
b 10
94 &~ MIF Tg
8 -O— WT
@
£ 74
°
E
§ s
£
- 4 *
©
o 34
z
2-
1-
0-
0 131415161718 19202122 23242526 27
Weeks
c
10
*
o 81
[
3
£
s 81
E
2
S 4
T
o
: I
o2 1
0
MIF Tg WT S0um

Fig. 2. Accelerated UVB-induced carcinogenesis in the MIF Tg mice. (a) MIF Tg and WT mice were subjected to chronic UVB. The details of the protocols are
described in Materials and Methods. The formation of skin tumors was determined on a weekly basis. MIF Tg mice exposed to chronic UVB began to develop skin
tumors after ~14 weeks, whereas the WT mice began to develop tumors after 18 weeks. (b) The incidence of skin tumors was recorded weekly and a tumor was
considered to occur when an outgrowth of >1 mm in diameter was observed. MIF Tg mice developed a higher number of tumors in each mouse in comparison
with WT mice (* P < 0.001). (c) The mice were UVB irradiated as in (b). At the end of study at week 27, the volume of all turors on each mouse was recorded
(*P < 0.001). (d) The histopathology of well-differentiated squamous cell carcinoma from an MIF Tg mouse. Scale bar indicates 100 pm (hematoxylin and eosin
staining).
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Sensitivity of MIF Tg mice to the development of skin tumors elicited
by chronic exposure to UVB

To examine the role of MIF for chronic UV-induced carcinogenesis,
MIF Tg and WT mice were subjected to chronic UVB as described in
the Materials and Methods and followed up for the formation of skin
tumors on a weekly basis. The MIF Tg mice exposed to chronic UVB
began to develop skin tumors after ~14 weeks, whereas WT mice
began to develop tumors after 18 weeks (Figure 2a). The mean time
for tumor development in MIF Tg mice was after 110.3 = 9.0 days,
whereas it was 147.0 + 15.5 days in WT mice. MIF Tg mice devel-
oped a higher number of tumors in each mouse in comparison with
WT mice. At the 27th week, the average number of tumors per mouse
was 6.33 = 1.61 in the MIF Tg mice, whereas there were only 2.67 +
0.78 in the WT mice (P < 0.001; Figure 2b). The volume of tumors
developed in UVB-irradiated MIF Tg mice was significantly higher in
comparison with that of WT mice (P < 0.001) (Figure 2c). Tumors
measuring <2 mm in diameter proved to be too small for a reliable
histological analysis and were assumed to be papillomas. Lesions that
were ~2 mm in diameter had multilayered epithelia with irregular

a MIF Tg

cells. These lesions were similar to actinic keratosis, and some large
tumors (>3 mm in diameter) were diagnosed as well-differentiated
SCC (Figure 2d). Twelve unirradiated MIF Tg mice and 12 unirradi-
ated WT mice developed no tumors during the course of this study.

TUNEL-positive cells in UV-irradiated MIF Tg mouse epidermis

The possible role of MIF in UV-induced cell apoptosis was examined
using MIF Tg and WT mice. Twenty-four hours after 200 mJ/cm?
UVB irradiation, large numbers of sunburned cells and TUNEL-
positive cells were detected in the WT mice, whereas, there were
fewer sunburned cells and TUNEL-positive cells detected in MIF
Tg mice (Figure 3a). Thereafter, the number of TUNEL-positive
nuclei in the MIF Tg mice was compared with that in the WT mice.
MIF Tg mice showed a significantly smaller number of apoptotic cells
than the WT mice (P < 0.01; Figure 3b).

Immunohistochemistry: accumulation of DNA damages in the
epidermis following UVB. We then investigated cyclobutane pyrim-
idine dimmers (CPD), as UV-induced DNA damage photoproduct
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Fig. 3. Sunburn cells in UV-irradiated MIF Tg mouse epidermis. (a) Hematoxylin and eosin (H&E) staining and TUNEL assay for the detection of apoptotic cells
in the epidermis of MIF Tg and WT mice skin 24 h after UVB irradiated (200 mJ/cm?). Sunburn cells and TUNEL-positive cells are indicated by arrowheads. The
scale bar indicates 25 pm. (b) The numbers of TUNEL-positive nuclei of MIF Tg mice were compared with the WT mice. Each value represents the mean + SEM
(n = S). Smaller numbers of TUNEL-positive cells were observed in the MIF Tg in comparison with the WT mouse skin (*P < 0.01).
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(31) in UVB-irradiated skin. Twenty-four or 48 hours after 200 mJ/
cm? UVB irradiation, a large number of CPD-positive cells was de-
tected in MIF Tg mice. Whereas, there were fewer CPD-positive cells
detected in WT mice (Figure 4a). Thereafter, the number of CPD-
positive cell in the MIF Tg mice was significantly higher compared
with that in the WT mice (P < 0.001; Figure 4b).

P53, bax and p21 expression in UV-irradiated MIF Tg mice epidermis
p53 is a key factor in the photoreactive process and bax and p21 are
important downstream proteins regulated by p53. To further confirm
the role of MIF in influencing p53-mediated gene activation, the
time course for the induction of p53, bax and p21 in 200 mJ/cm?
UVB-irradiated mouse epidermis was investigated by western blot
analysis with specific antibodies. The epidermis derived from MIF
Tg mice exhibited decreased induction levels of p53 at 12 and 24 h
after irradiation in comparison with the WT mice (Figure 5a). Sim-
ilarly, the induction levels of bax and p21 from the MIF Tg mice
substantially decreased in comparison with those of the WT mice at
48 and 72 h after UVB exposure. An immunohistochemical analysis
revealed that at 24 h after UVB irradiation, intense nuclear p53
immunostaining was observed in the WT mice epidermis. In con-
trast, nuclear p53 immunostaining was low in the MIF Tg mice
(Figure 5b). Similarly, at 48 h after UVB irradiation, a low level
of p21 expression in and around the nuclei was observed in the MIF

a MIF Tg
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Tg mice in comparison with the WT mice. Bax immunoreactivity
was both perinuclear and cytoplasmic and the MIF Tg mice showed
a lower expression level compared with that of the WT mice at 48 h
(Figure 5b).

UVB-induced cutaneous inflammation in MIF Tg and WT mice

UVB-induced infiltration of leukocytes is a major source of inflam-
matory reactions. Therefore, the effect of UVB-induced infiltration
was examined in MIF Tg and WT mice after three courses of UVB
exposure. UVB exposure in the MIF Tg mice resulted in greater
leukocyte infiltration than in the UVB-irradiated WT mice skin
(P < 0.05; Figure 6).

UVB-induced apoptosis in cultured keratinocytes of MF Tg and WT
mice

To confirm that MIF overexpression prevents keratinocyte apopto-
sis, cultured keratinocyte from the MIF Tg or the WT mice were
irradiated with UVB at 50 mJ/cm?. After 24 h, irradiated cells were
analyzed for TUNEL assay or western blot for p53. As shown in
Figure 7a and b, apoptotic keratinocytes (TUNEL positive) from
MIF Tg mice were significantly reduced compared with that of
WT mice (P < 0.005). Furthermore p53 expression of MIF Tg
keratinocytes was also lower than that of WT mice (Figure 7c).
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Fig. 4. CPD-positive cells in UV-irradiated MIF Tg mouse epidermis. (a) CPD staining in the epidermis of MIF Tg and WT mice skin 24 or 48 h after UVB
irradiated (200 mJ/cm?). CPD-positive cells indicated by arrowheads, Scale bar indicates 20 pm. (b) The numbers of CPD-positive cells of MIF Tg mice were
compared with WT mice. Each value represents the mean £ SEM (n = 5) (*P < 0.001).
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Fig, 5. p53, bax and p21 protein expression in UV-irradiated MIF Tg and WT mice epidermis. (a) Western blot analysis of p53, bax and p21 protein expression in
unirradiated (0 h) and UVB-irradiated MIF Tg and WT mice skin at various time points. The relative amounts of protein associated with specific antibodies were
normalized by the intensities of B-actin (*P < 0.0001, **P < 0.001, n = 3). The data shown are representative of three independent experiments. (b)
Immunohistochemical analysis for p53, bax and p21 proteins in UVB-irradiated MIF Tg and WT mice skin at 24 h of p53 and at 48 h of bax and p21
immunoreactivity. This experiment was repeated three times with similar results. The scale bar indicates 25 pm.

Discussion

Chronic exposure to solar UV irradiation leads to photoaging,
immunosuppression and ultimately carcinogenesis in the skin.
Apoptosis and enhanced DNA repair are important p53-mediated
responses (32). UVB-induced DNA lesions contribute to cell cycle
arrest, DNA repair and finally apoptosis when DNA damage is
beyond repair. p53/p21 are responsible for these adaptive protective
responses. Moreover, p53 also directly participates in the initiation
and regulation of the DNA repair procedure. Therefore, it is ex-
tremely important that apoptosis is induced quickly after UV irra-
diation, without any dysregulation. The current study demonstrated
that an earlier onset of carcinogenesis and a higher incidence of
tumors were observed in the MIF Tg mice compared with the WT
mice after chronic UVB irradiation. In addition, the UVB-induced

1602

apoptosis of epidermal keratinocytes was inhibited in the MIF
Tg mice. Significantly fewer TUNEL-positive cells were detected
in MIF Tg mice in comparison with WT mice. There was a de-
creased expression of apoptosis-regulatory genes, p53, bax and
p21 in MIF Tg mice after UVB irradiation in this study. A previous
study has already confirmed that similar protective effects were
observed in response to acute UVB light in the MIF Tg mice cornea
(33). MIF is upregulated by UVB irradiation in mouse cornea
and MIF Tg mice had less apoptotic cells. TUNEL staining in the
cornea shows a significantly smaller number of TUNEL-positive
nuclei in the MIF Tg mice compared with the WT mice after UV
exposure (33).

MIF is a cytokine that not only plays a critical role in several
inflammatory conditions but also inhibits p53-dependent apopto-
tic processes (23,24,34). Hudson et al. (23) reported that MIF
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Fig. 6. UVB-induced cutaneous inflammation in MIF Tg and WT mice. (a)
After three courses of UVB exposure, skin was obtained on day 7 and the
paraffin-embedded skin samples (5 pm thick) were processed for routine
hematoxylin and eosin staining following a standard protocol. Infiltrating
leukocytes (monocyte/macrophages and neutrophils) of the MIF Tg mice
were compared with the WT mice. Each value represents the mean + SEM
(n = 5). UVB exposure of MIF Tg mice resulted in greater leukocyte
infiltration than that observed in UVB-irradiated WT mice skin (* P < 0.05).
(b) Representative examples of micrographs of hematoxylin and eosin
staining are shown from experiments conducted using skin samples (n = 5)
that had identical patterns. Bar = 100 pm.

treatment was able to overcome p53 activity and inhibited its
transcriptional activity. Recently, Martin et al. (35) reported that
MIF-deficient mice showed significant increases in p53 activity
following acute UVB irradiation, and MIF-deficient mice showed
a reduction in tumor incidence in comparison with WT mice fol-
lowing chronic UVB exposure. Previous data from other groups
and the current findings suggest that MIF has an inhibitory effect
on UVB-induced photodamage by blocking the relevant expres-
sion of apoptosis-regulatory genes p53, bax and p21 and MIF
plays an important role in UVB-induced tumor development and
progression.

The present study also demonstrated that UVB exposure in MIF
Tg mice resulted in greater leukocyte infiltration than that of the
UVB-irradiated WT mice skin. UVB irradiation enhances the ex-
pression of MIF in the epidermis (25) and MIF Tg mice showed
higher levels of MIF mRNA expression after UVB exposure in this
study. UVB stimulates the production of several proinflammatory
cytokines in the skin and these cytokines are known to be involved in
the induction of skin carcinogenesis (11,36). For example, TNF-o is
the essential cytokine in tumor promotion in mouse skin. Tumor
promotion by 12-O-tetradecanoylphorbol-13-acetate on the skin of
TNF-o-deficient mice decreased in comparison with WT mice. Sim-
ilarly, tumor promotion in IL-6-deficient mice was significantly de-
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creased by 12-O-tetradecanoylphorbol-13-acetate compared with
the WT mice (11). UVB-induced inflammatory responses, such as
the production of cytokines and the infiltration of inflammatory
cells, are clearly linked to the development of skin tumors (3,4).
The inhibition of this inflammatory response via topical application
of an anti-inflammatory drug inhibits the acute inflammatory re-
sponses after UVB exposure and decreases tumor formation after
chronic exposure (37). MIF has a direct proinflammatory role in
inflammatory conditions and tumorigenesis (38). Once released,
MIF acts as a proinflammatory cytokine to induce expression of
other inflammatory cytokines, including IL-1, IL-6 and TNF-a.
Therefore, intense inflammation in MIF Tg mice in response to
UVB irradiation was found to correlate with the early onset of
carcinogenesis and the higher incidence of tumors after chronic
UVB irradiation.

MIF has a wider spectrum of action and exhibits proneoplastic
activity. In many tumor cells and pretumor states, increased MIF
mRNA can be detected in prostate (39), colon (40) and hepatocel-
lular cancers (41), adenocarcinomas of the lung (42), glioblastomas
(43) and melanomas (9). The role of MIF in proneoplastic activity
has been examined by several groups. Fingerle et al. reported that
embryonic fibroblasts from MIF deficient mice exhibit p53-dependent
growth alterations, increased pS3 transcriptional activity and re-
sistance to ras-mediated transformation (23,24,34). Concurrent dele-
tion of the p53 gene in vivo reversed the observed phenotype of
cells deficient in MIE. In vivo studies showed that fibrosarcomas
are smaller in size and have a lower mitotic index in MIF deficient
mice relative to their WT counterparts. They concluded direct genetic
evidence for a functional link between MIF and the p53 tumor
suppressor (23,24,34). The effectiveness of an anti-MIF antibody on
reducing tumor growth and neovascularization in lymphoma cells and
vascular endothelial cells in vive has been reported (22). Consistent
with this finding, anti-MIF antibodies are effective in reducing tumor
angiogenesis in melanoma cells (21). This was demonstrated in vitro
by recombinant MIF in fibroblasts, where growth factor-induced stim-
ulation of these cells resulted in increased MIF concentrations, acti-
vation of the ERK-MAP kinase pathway and a subsequent increase in
cell proliferation (44). Meyer-Siegler er al. (45) has also shown that
the addition of TGFp results in increased MIF expression in a colon
cancer cell line. Furthermore, Abe et al. (46) observed an increase
in cytotoxic T lymphocytes following MIF inhibition as a result of
specific antibodies. Moreover, the number of apoptotic tumor cells
increased following MIF inhibition. Tumors arising in the MIF knock-
down cells grew less rapidly and also showed an increased degree of
apoptosis (47). These findings therefore suggest that once keratino-
cytes are mutated by UVB-induced DNA damage, they may develop
into tumor cell, suggested that MIF has a dual role by promoting
tumor cell growth and inhibiting the apoptotic processes.

In conclusion, chronic UVB irradiation induces early onset of
skin carcinogenesis and the high incidence of tumors in MIF
Tg mice. These findings suggest that chronic UVB exposure enhan-
ces MIF production, which may inhibit the p53-dependent apopto-
tic processes, enhance intensive inflammation and thereby induce
photocarcinogenesis in the skin. Consequently, this newly identi-
fied mechanism may contribute to our overall understanding
of photo-induced skin damage, which results in carcinogenesis.
These findings are promising for the potential development of MIF
inhibitors for therapeutic use and the treatment of photodamaged
skin.
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Melanonychia caused by Stenotrophomonas
maltophilia

doi: 10.1111/5.1365-2230.2008.02752.x

Subungual melanomas often present initially as brown to
black nail pigmentation, thus it is important to make a
precise diagnosis in cases of melanonychia. Infection or
colonization with bacteria or fungi is also known to cause
melanonychia.! We describe a case of melanonychia
caused by Stenotrophomonas maltophilia that was suspected
to be melanoma.

A 54-year-old man was referred with a 1-year history of
an enlarging area of pigmentation in the right great
toenail. He was in good health and was taking no
medication.

On examination, the great toe nail on his right foot
showed partial thickening, onycholysis and irregular
pigmentation over most of the nail plate (Fig. 1). Pigmen-
tation of the proximal or lateral nail folds (Hutchinson’s
sign) was not observed.

Microscopy with potassium hydroxide showed no fungal
component in the nail specimen. An excisional biopsy
specimen was taken from the pigmented portion of the nail
and underlying nail bed showed a large number of Gram-
negative bacilli and dark-brown to black pigmentation
within the nail plate. The pigmentation in the section
disappeared after melanin digestion. Neither melanocyte
proliferation nor hypermelanosis was observed in the
underlying hyponychium.

Bacterial culture from the nail samples grew
S. maltophilia, although fungal culture was negative.
From these findings, the diagnosis of melanonychia due
to S. maltophilia was established. After the resection
operation, there was no further recurrence of nail
pigmentation.

Melanonychia may be due to exogenous substances
including bacterial, mycotic and blood pigments, or
endogenous melanin pigmentation.!™ Bacterial pigmenta-
tion, most commonly due to Pseudomonas aeruginosa or
Proteus spp., has a greenish or greyish hue.” However, in the
present case, the colour was almost black. Melanocytic
lesions were excluded by the excisional biopsy of the
pigmented nail plate and underlying hyponychium, and
the patient was diagnosed with melanonychia due to
S. maltophilia.

To our knowledge, this is the first case report of
melanonychia caused by S. maltophilia. Stenotrophomonas
maltophilia is a nonfermentative Gram-negative bacillus

(@

Figure 1 Black discoloration of the first toe nail on the right foot.
(a) The thickened, partly onycholytic nail plate with the intact nail
fold. The distal portion of the nail had been cut into sections.

(b) Pigmentation, mainly in the nail plate but also on the nail bed.

found in various environments such as water, soil, plants
and food and in hospitals.* Stenotrophomonas maltophilia
has emerged as an important pathogen capable of causing
a broad spectrum of clinical syndromes including pneu-
monia, bacterial sepsis, urinary tract infections, endocar-
ditis, meningitis and a variety of skin presentations
including cellulitis, erythematous nodules, skin ulcers and
acral necrosis.* Stenotrophomonas maltophilia is known to
express the tyrosinase gene mel and has been shown to
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produce melanin.’ Production of melanin is thought to be
linked to protection against environmental insults such as
antibiotics.® The melanin derived from S. maltophilia
probably contributed to the pigmentation of the nail plate
in this case. Melanonychia caused by S. maltophilia may be
misdiagnosed as a melanocytic lesion, because a Fontana—
Masson stain is positive for nail melanin pigmentation due
to S. maltophilia, which differs from the fluorescein and
pyocyanin pigmentation due to Pseudomonas aeruginosa.
The present case suggests that non-Pseudomonas aeruginosa
bacteria such as S. maltophilia should be included in the list
of causes of a black nail.
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A case of solitary collagenoma localized on the upper
lip mimicking mucocele

doi: 10.1111/4.1365-2230.2008.02754.x

Collagenomas are rare hamartomatous malformations of the
dermis, characterized by a proliferation of normal collagen
tissue. We present a case of isolated (solitary) collagenoma
arising in the upper lip, an uncommon location for this
disease, and clinically mimicking mucocele,

A 56-year-old Japanese woman was referred to us with a
3-month history of an asymptomatic soft mass on the left
upper lip. She was otherwise in good health. Her medical
history was not relevant, and there was no family history of
a similar disorder.

© 2008 The Author(s)
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Physical examination found a slightly raised, soft,
elastic, bluish-white nodule on the inner surface of the left
upper labial mucosa (Fig. 1). The lesion was well demar-
cated, and measured 5 mm in diameter with a round shape
and smooth surface. No lesions were observed on the
trunk, limbs or any other body sites.

Because of the suspicion of mucocele, an excisional skin
biopsy was taken for both diagnostic and therapeutic
purposes. Histopathological examination found an increased
number of collagen bundles in the dermis, which were
arranged randomly (Fig. 2a). The collagen bundles stained
strongly with Azan-Mallory stain, showing an intense blue
colour (Fig. 2b). The lesion had no capsule and was
relatively well-defined. Elastic van Gieson stain showed a
mild decrease in elastic bundles. Based on the histopatho-
logical findings, a diagnosis of solitary collagenoma was
made,

Collagenomas, also known as connective tissue naevi of
the skin (hamartomas), are composed predominantly of
collagen. According to the classification of the genetic
inheritance pattern, they are classified as either inherited
or acquired.’? The inherited group includes familial
cutaneous collagenoma and shagreen patches of tuberous
sclerosis, which are inherited in an autosomal dominant
matter. The acquired group includes eruptive collageno-
mas and isolated collagenomas. In both familial and
eruptive collagenomas, lesions are characterized clinically
by asymptomatic, multiple, skin-coloured papules and
nodules distributed symmetrically on the trunk and upper
arms.!? In contrast, isolated collagenoma is sporadic,
localized to only one body region, and not associated with
any disease.

In our patient, the diagnosis of isolated collagenoma,
rather than eruptive collagenoma, was made because the
lesion was a solitary nodule on the lip, and the patient had
no family history of the condition.

The aetiology of collagenomas is still unknown. How-
ever, acquired collagenomas occur commonly on trauma-

Figure 1 A bluish-white nodule mimicking a mucocele on the in-
ner mucosa of the upper lip.
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