We obtained informed consent from all individ-
uals and approval from the Ethics Commitice at
Hokkaido University Graduate School of Medicine
for molecular studies. The sequences of CGL58 and
PNPLAZ were analyzed using the sequences in the
GenBank human genome database (hup://www.
ncbi.nim.nih.gov), accession numbers AI606839
and NM020376. We amplified and sequenced the
seven coding exons and exon-intron boundaries of
CGLI-58/ABHDS and the coding exons 2-10 of the
ATGI. gene (PNPLA2) with previously described
primers.'* Primers for amplificadon of exon 4 of
PNPLA2 were: forward, 5-GACATGGGGCTAT-
GAAGGAA-3' and reverse, 5-TGCCACAGCTGTT-
TCTTGAG-3" The reaction products were se-
quenced on an ABI Prism 3100 genetic analyzer
(ABI Advanced Biotechnologies, Columbia, Mary-
land).

The automated sequence analysis in the patient
disclosed a novel homozygous duplication mutation
€.475_478dupCTCC in exon 4 in the patatin domain
of PNPLAZ2 (Fig. 1D). This mutation was not de-
tected in 100 control alleles from 50 unrelated
healthy Japanese individuals. The padent did not
show any mutations in ABHD5/CGI-58.

DISCUSSION

PNPLA2 encodes a lipase ATGL activated by CGI-
58,19 which plays a major role in the degradation of
cytoplasmic triglycerides.’> Experimental suppres-
sion or knockout of PNPLAZ or its orthologs leads to
cytoplasmic accumulation of triglycerides in a variety
of species.> 9121316 Furthermore, inhibition of
ATGL expression using short interfering RNA
(siRNA) confirmed the role of the ATGL gene in
triglyceride degradation.?

The N-terminal region of PNPLA2 contains a
patatin domain (Fig. 1E) characteristic of a large
family of storage proteins and lipid acyl hydrolases in
eukaryotes and bacteria.”® The pawatin domain
(PFAM accession PF01734; amino acids 10-179) is
conserved in members of the PNPLA family!? and in
diverse species.’ The N-terminal region of PNPLA2
also contains a GXSXG consensus sequence for
serine lipases (including the putatvely active Ser47)
and an «/f-hydrolase fold domain. The C-terminal
region contains a hydrophobic, putative lipid-bind-
ing domain.}?

All of the four distinct mutations in three pa-
tients having NLSD with mild myopathy reported
previously were downstream of the patatin domain
and none of the mutations altered the highly con-
served patatin domain.? In these three patients the
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intact N-terminal region containing the catalytc site
may retain lipase activity, explaining the mild myop-
athy, although the C-terminal region, including the
hydrophobic, putative lipid binding domain, was se-
verely altered or deleted .

The present report is the second report of

PNPLA2 mutaton and the PNPLA2 mutation in our
case directy affected the patatdn domain. The dupli-
cation mutation in the present patient leads to a
frameshift at amino acid position 160GIn, resulting
in a premature termination codon 19 codons down-
stream (amino acid position 178) and was desig-
nated p.GInl60ProfsX19 (Fig. 1E). The peptde pro-
duced from the mutant allele has only one third the
length of the normal ATGL sequence and lacks 19
amino acids present in the active, patatin domain
sequence (Fig. 1D). Thus, although PNPLA2 enzyme
activity in cultured fibroblasts was not analyzed in
the present case, we speculate that the present pa-
tient, a homozygote for this duplication mutation,
has a critical deficiency in ATGL activity. This critical
deficiency might explain the severe myopathy seen
in the present case. Further accumulation of similar
cases with detailed genetic information is needed to
clarify the genotype—-phenotype correlation of NLSD
with myopathy due to PNPLA2 mutations.
We thank Ms. Akari Nagasaki for technical assistance on this
project. This work was supported in part by a Grant-in-Aid from
the Ministry of Education, Science, Sports, and Culture of Japan
to M. Akiyama (Kiban B 18390310).
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A Novel GJB2 Mutation p.Asn54His in a Patient with
Palmoplantar Keratoderma, Sensorineural Hearing Loss

and Knuckle Pads

Journal of Investigative Dermatology advance online publication, 25 January 2007; doi:10.1 038/sj.jid.5700711

TO THE EDITOR

Mutations in the GJB2 gene encoding
connexin26 are the major cause of
autosomal-recessive or -dominant non-
syndromic congenital sensorineural
hearing loss (SNHL) (Kelsell et al.,
1997; Kenneson et al., 2002; refer to
the connexin-deafness homepage at
http:/davinci.crg.es/deafness/). In addi-
tion, connexin26 mutations have been
identified in autosomal-dominant syn-
dromic congenital SNHL with palmo-
plantar keratoderma (PPK) (Maestrini
et al, 1999; Richard et al., 2002,
2004; Brown et al., 2003; van Steensel
etal., 2004; Arita et al., 2006). We have
encountered a Japanese boy with PPK,
knuckle pads and congenital SNHL and
GJB2 mutation analysis revealed a
novel mutation p.Asn54His.

The patient was a 12-year-old Japa-
nese boy with PPK, knuckle pads on the
fingers and severe SNHL. He had a
congenital onset of profound bilateral
SNHL. At 1 year of age, he developed
PPK and knuckle pads. There was no
familial history of skin disorders or
auditory dysfunction. At age 12, mod-
erate PPK was seen. Knuckle pads were
apparent on all his fingers (Figure 1a
and b). Acneiform follicular keratotic
papules were seen on his forehead and
face, although these acneiform papules
might just be acne. No mutilation
(pseudoainhum) was seen on the fin-
gers. Nails, hair, and teeth were normal
and no leukonychia was observed.
Ophthalmologic examination revealed
no apparent abnormality.

The medical ethical committee at
Hokkaido University approved all stu-
dies described below. The study was
conducted according to the Declaration

of Helsinki Principles. Participants or
their legal guardian gave their written
informed consent. The coding region of
GJB2 (Genbank accession no. NM
004004) was amplified from genomic
DNA by PCR, as described previously
(Richard et al, 1998). Direct sequen-
cing of the patient's PCR products
revealed that the patient was a hetero-
zygote for a novel missense mutation
p.Asn54His (A to C substitution at
nucleotide position 160: asparagine 54
(AAC) to histidine (CAC)) in GJB2
(Figure 1d), which was not found in
his mother. We were unable to obtain a
DNA sample from his father. This
mutation was not found in 100 normal
unrelated Japanese alleles (50 normal
unrelated Japanese individuals) by di-
rect sequence analysis and was unlikely
to be a polymorphism (data not shown).
Direct sequencing of all the exons and
exon/intron borders of GJB2 failed to
detect any other pathogenic mutation in
the patient’s DNA.

A skin biopsy obtained from the
palmar lesion revealed orthohyperker-
atosis and mild regular acanthosis.
Electron microscopy of the upper epi-
dermal keratinocytes showed normal
morphology with normal keratin net-
work and keratohyalin granules. Gap
junctions existed in all living epidermal
layers, and the morphology of gap
junctions was normal, showing a typi-
cal pentalaminar structure, 20nm in
width (Figure 1e).

Immunofluorescent stainings with
rabbit polyclonal anti-connexin26 anti-
body (the epitope is a portion of the
cytoplasmic  loop of connexin26)
(ZYMED Laboratories, San Francisco,
CA) showed strong connexin26 expres-

Abbreviations: PPK, palmoplantar keratoderma; SNHL, sensorineural hearing loss
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sion in the upper layers of the wide rete
ridge in the patient’s palmar epidermis
(Figure 1f), compared with weak con-
nexin26 expression in the normal pal-
mar epidermis (Figure 1g). The antibody
used in this study binds to both normal
and mutated connexin26 peptides. Thus,
it was not clear whether the overex-
pressed connexin26 in the patient’s
epidermis was normal and/or mutated.
Connexin43  immunostainings ~ with
mouse monoclonal anti-connexin43 anti-
body (clone 4E6.2) (Chemicon Interna-
tional, Temecula, CA) revealed that the
expression of connexind43 was almost
completely membranous and appeared
similar both in the patient's and normal
control skin (data not shown).
Bart-Pumphrey syndrome is charac-
terized by knuckle pads, PPK, SNHL,
and leukonychia (Bart and Pumphrey,
1967). The present patient cannot be
diagnosed with Bart-Pumphrey syn-
drome because of a lack of nail
involvement. In two families which
were reported as suffering from Bart—
Pumphrey syndrome and harboring
GJB2 mutations, an affected patient in
one family did not show any leukony-
chia and, in the other family, two
affected family members showed leuko-
nychia, but the other three failed to
show any leukonychia (Alexandrino
et al., 2005; Leonard et al., 2005). In
this context, leukonychia is not an
essential clinical feature in the patients
with knuckle pad formation, PPK, and
SNHL. It is questionable whether
Bart-Pumphrey syndrome having leu-
konychia as an essential characteristic/
diagnostic feature is a distinct clinical
entity from the knuckle pads, PPK, and
SNHL phenotype. Thus, in this study,
we have adopted the clinical
entity “knuckle pads, PPK, and SNHL",
instead of Bart-Pumphrey syndrome.
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Connexin26 Mutation and Knuckle Pads

Most pathogenic GJB2 mutations
causing both SNHL and skin manifesta-
tions cluster in the first extracellular
connexin26 peptide

loop of the

(Richard et al., 1998, 2004; Maestrini
et al, 1999; Heathcote et al, 2000;
Uyguner et al, 2002; Oshima et al.,
2003; Yotsumoto et al, 2003; Mon-

d TCTGCHACACCCIGCA

atient

Patient
TCTGCAACACCTIGCA

Normal

Contrl

Figure 1. The patient’s clinical features, GJB2 mutation, gap junction ultrastructure and upregulated
connexin26 expression. (a~c) The patient’s clinical features at the age of 12. (a) Severe knuckle pads were
seen over all the fingers. (b) The knuckle pads were sharply demarcated, hyperkeratotic plaques. (b) Nails
were not involved. (c) Hyperkeratotic plaques resembling knuckle pads were seen in the toes and
periphery of the foot. (d) Mutation in connexin26 gene (GJB2). A novel heterozygous A to C substitution
at the codon 54 (c.160A > C) was detected in the patient’s genomic DNA. This mutation leads to the
amino-acid substitution, p.Asn54His. (e) A gap junction with normal, typical pentalaminar structure,
20 nm in width, was observed in the periphery of the keratinocyte in the lesional epidermis on the palm.
Arrows, gap junction; arrowhead, desmosome. (f) Upregulated connexin26 expression was seen in the
spinous layers of the patient’s lesional skin in the palm. (g) In the normal control palmar skin, weak
connexin26 immunostaining (green) was observed in the spinous layers (white arrows). Connexin26
immunostaining, green (FITC); nuclear staining, red (propidium iodide). (e) Bar = 100 nm and (g) 50 um.

LA

Syndromes A

tgomery et al., 2004; Alexandrino et al.,
2005; Leonard et al., 2005). This fact
clearly suggests that this extracellular
domain is important for the correct
formation and/or function of gap junc-
tions. Indeed, the evolutionary con-
served, first extracellular loop domain
was reported to play an essential role in
the assembly of connexon hemichan-
nels, connexon-connexon interactions,
voltage gating, and channel permeabil-
ity (Rubin et al, 1992; White et al,
1995; Oshima et al., 2003).

The causative GJBZ missense muta-
tions in the previously reported three
families showing knuckle pads, PPK,
and SNHL were a replacement of
glycine 59 in two families (Alexandrino
et al., 2005; Leonard et al., 2005) and a
replacement of asparagine 54 in the
other family (Richard et al., 2004), both
in the evolutionary conserved first
extracellular loop of connexin26. In
the present case, the G/B2 mutation
similarly lay in the asparagine 54
residue. Asparagine was replaced by
histidine in the present case and by
lysine in the previously reported Bart—
Pumphrey syndrome family (Richard
et al., 2004). Asparagine is an acidic
amino acid and histidine and lysine are
basic amino acids. Thus, the amino-
acid exchange would probably result in
an altered electron charge at the muta-
tion site and may lead to defective
voltage gating affecting the formation
and function of gap junctions. In addi-
tion, histidine has a relatively large,
aromatic side chain, and the amino-
acid change may lead to a conforma-

PPK and SNHI.
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Figure 2. Connexin26 molecular structure, mutations and their associated skin syndromes. Connexin26
gene (GJB2) mutations associated with syndromic SNHL cluster in the N-terminal portion of connexin26,
mainly in the first extracellular loop. Note all the mutations associated with knuckle pads affect
asparagines 54 or glycine 59. Asterisk represents the present case.

tional change of the first extracellular
domain in the present case. To deter-
mine the effect of this mutation on
cellcell gap junction function, func-
tional studies by expressing the mutant
allele in cultured cells are necessary.

Among the mutations located in the
first extracellular loop of connexin26,
differences in the site and nature of the
mutations are thought to lead to the
distinctive clinical phenotypes, as shown
in Table 1 and Figure 2. These data
including our case suggest that alterations
of the amino-acid residues asparagines
54 and glycine 59 in the central portion
of the first extracellular loop might be
associated with the clinical knuckle pad
feature, although we do not have any
direct evidence to support that the
mutations caused knuckle pads. Further
accumulation of the similar cases should
be needed to conclude this mutation lead
to knuckle pads.
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Extensive proliferative nodules in a case of giant congenital naevus

S. Aoyagi, M. Akiyama, M. Mashiko, A. Shibaki and H. Shimizu
Department of Dermatology, Hokkaido University Graduate School of Medicine, Sapporo, Japan

Summary The rare presence of proliferative nodules in cases of giant congenital naevus can, in
some cases, be potentially misdiagnosed as neonatal melanoma. We report here a case
of multiple, proliferative nodules found in a giant congenital naevus lesion in a female
neonatal patient diagnosed with neurocutaneous melanosis. Our initial clinical
observations of this case suggested the possibility of primary cutaneous neonatal
melanoma or skin metastasis from a melanoma in the meninges or elsewhere in the
central nervous system. However, histological examination revealed no sign of
melanoma, abnormal mitosis, necrosis or any malignant change. Pagetoid arrays of
naevus cells in the junctional zone and myxoid changes present in a significant portion
of the dermis led to the diagnosis of proliferative nodules. Distinct histological patterns
seen in the proliferative nodules in our neonatal patient were useful to differentiate
between benign pigmented nodular lesions in a giant congenital naevus and malignant
melanoma, and reduced the chance of misdiagnosis.

Since the first descriptions in the 1990s of proliferative
nodules in congenital naevi as ‘proliferative dermal
lesions in congenital naevi’ by Elder and Murphy.' or as
‘atypical dermal melanocytic proliferations’ by Clark
et al.,? additional cases of ‘proliferative nodules’>™® have
been reported in congenital naevi. These nodules
generally occur within a giant-type congenital naevus
present since birth.> The surface generally appears
smooth and shiny, black or dark-brown in colour and
often ulcerated. Such features make these proliferative
nodules difficult to differentiate clinically from malig-
nant melanoma.’ We report a case of extraordinarily
extensive proliferative nodules that developed in a giant
congenital naevus from neurocutaneous melanosis and
discuss the clinical and histological features that help to
differentiate proliferative nodules from malignant
melanoma.

Correspondence: Dr Satoru Aoyagi, MD, Department of Dermatology,
Hokkaido University Graduate School of Medicine, N15 W7, Kita-ku,
Sapporo 060-8638, Japan.

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

Figure 1 Large, clustered proliferative nodules within the giant
congenital naevus of the bathing-suit type with multiple satellite
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Figure 2 (a) Tumour cell nests were observed in the junc-
tional zone and throughout the dermis; (b) pagetoid arrays of
naevus cells were seen in the junctional zone. Haematoxylin
and eosin, original magnification (a) x 100; (b) x 200.

Report

The patient was a full-term Japanese girl with no known
family history of hereditary skin disorders. On physical
examination, we observed a giant naevus of the
‘bathing-suit’ type, along with multiple satellite naevi
on the head, face and limbs, all of which had been
present since birth (Fig. 1a). Approximately 20 black,
smooth and elastic proliferative nodules, up to 35 mm
in diameter, were seen in the giant congenital naevi,
especially over the lower abdomen and genitals, where
several large, darker proliferative nodules were clustered
(Fig. 1b).

At 2 months of age, the patient underwent various
diagnostic examinations, including medullar magnetic
resonance imaging (MRI), a radiographic study of the
vertebral column and brain echography. From the MRI

S.Aoyagi et al.

Figure 3 HMB-45 and alcian blue staining of the proliferative
nodule. (a) The tumour cells in the junctional zone and the upper
dermis positively stained with anti-HMB45 antibody (original
magnification x 200). (b) Large portions of the dermis were positive
for alcian blue stain at pH 2.5 (original magnification x 200).

scan, we detected the presence of melanosis in the
cerebellum, but no evidence of malignant melanoma.
Results of neurological examinations were normal.
Excisional biopsy of one of the large darker nodules in
the lower abdomen was performed for histological
analysis. Histological examination showed a prolifera-
tion of melanocytes extending from the junctional zone
throughout the dermis, into subcutaneous fat tissue
(Fig. 2a). Nests of melanocytes with a pale cytoplasm
and monomorphous nuclei were situated at the junction
(Fig. 2b). These cells were positive for HMB-45 (Dako
Cytomation, Kyoto, Japan) (Fig. 3a). Clusters of plump,
oval melanocytes with intense pigmentation and large
vesicular nuclei were located in the papillary dermis.
These melanocytes gradually matured into small, round
cells in certain areas. Large portions of the dermis were

© 2007 The Author(s}
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also occupied by myxoid connective tissues, identified by
staining with alcian blue at pH 2.5 (Fig. 3b). Notably,
mitoses and necrotic foci were not present. Hence, the
observed histological characteristics were consistent
with proliferative nodules associated with a congenital
naevus.

The naevoid lesions and nodules were partially
ablated and excised over the course of several surgical
operations over 6 months. Other nodules within the
congenital naevus resolved spontaneously over 2 years.
At 3 years of age. the child remained in good health
with no evidence of malignancy.

Proliferative nodules within a giant congenital nae-
vus are relatively rare. To differentiate these nodules
from melanoma, Elder and Elenitsas® describe several
characteristics that indicate their benign course: (i)
evidence of maturation, such as blending or transitional
forms between nodular and naevus cells, (ii) a low
mitotic rate, and (iii) lack of necrosis within the nodule
or high-grade uniform cellular atypia.

Although ulcerations in melanocytic lesions are
generally indicative of their malignant nature, neonatal
or congenital erosions in giant congenital naevi are not
regarded as malignant features. The skin of newborns is
more fragile than that of children and adults. Thus,
ulcerations and erosions on proliferative nodules are
likely to be due to friction or trauma to the epidermis
overlying the naevus during birth.'°

In this patient, both necrosis and cellular atypia were
absent, and few mitotic cells were detected during
histological examination. In addition, cellular matura-
tion was seen in some areas. These findings suggested
that the nodules in this patient were benign in nature,
although the lesions were extraordinarily extensive, and
excluded the possibility of neonatal malignant mela-
noma that had developed within a giant congenital
naevus'! or as skin metastases from the meninges or
any other central nervous system compartment.

This case showed several interesting features. One
was the pagetoid arrays of naevus cells that were found
in the junctional zone. These are commonly associated
with rapid spreading of lesions of pigmented naevi in a
newborn, although these intraepidermal components
sometimes resemble superficial spreading melanoma.
The other features were myxoid changes in the dermis
in the present case, probably indicating neural differen-
tiation. These observations are consistent with those of
Bastian et al..'?> who previously described histological
patterns of secondary proliferation in a congenital
naevus during the neonatal period. These unique

© 2007 The Author(s)

features might also be of use to differentiate proliferative
nodules in giant congenital naevi from malignant
melanoma, especially from neonatal malignant mela-
noma that develops within a giant congenital naevus,!’
which is notoriously difficult to diagnose.

In conclusion, the extensive neonatal proliferative
nodules described in this report provide several charac-
teristic histological patterns that can assist the diagnosis
of pigmented nodular lesions in a giant congenital
naevus and, consequently, reduce the risk of misdiag-
nosing these lesions as malignant melanoma, even in

~ cases of extensive proliferative nodules such as this case.
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CLINICAL PICTURE

European Journal of Haematology ISSN 0902-4441

Non-Hodgkin lymphoma preceded by recalcitrant eczema

A 34-yr-old woman visited us with 3-yr history of
severe eczema over her whole body because of exacer-
bation of her skin symptoms. She was admitted to our
hospital for detailed examination and treatment. On
physical examination, up to 5-mm-sized, bright brown-
coloured, excoriated papules and edematous blackish
erythema were densely scattered over her whole body
(Fig. 1A). Skin lesions were refractory to standard top-
ical corticosteroid therapy. She developed a constella-
tion of symptoms including remittent fever, malaise and
a significant weight loss by as much as 10 kg for a
month. We performed imaging studies to investigate
underlying diseases because of an unusual course of
skin lesions. Thoracic and abdominal CT scan disclosed
multiple enlarged lymph nodes (Fig. IB). Specimens
from her right inguinal lymph node showed a marked,
atypical infiltration of large CD20-positive cells, without
any demonstrable follicular architecture. Southern blot
analysis of immunoglobulin heavy-chain gene rearrange-
ment proved the monoclonal nature of the infiltrated B
cells. The diagnosis of diffuse large B-cell lymphoma

was made. The patient received six cycles of rituximab,
cyclophosphamide, adriamycin, vincristine and predni-
sone (R-CHOP) chemotherapy. After the R-CHOP
cycles, she underwent high-dose chemotherapy and au-
tologous peripheral blood stem cell transplantation. Pre-
transplant conditioning employed MCVC (ranimustine,
carboplatin, etoposide and cyclophosphamide). She
obtained partial lymphoma remission (Fig. ID). Skin
lesions completely regressed together with the lym-
phoma remission, and she has not since relapsed
(Fig. 1C).

Pruritus is occasionally observed in patients with non-
Hodgkin lymphoma. Recalcitrant eczema may represent
as the itch-scratch cycle caused by severe itching due to
lymphoma, although it is quite rare that intractable
eczema leads to detection of underlying lymphoma. The
pathomechanisms that lead to pruritus in patients with
lymphoma are unclear. However, such a simple skin
lesion is able to alert clinicians to an underlying malig—
nancy, if the lesion is unusually chronic and difficult to

manage.

-Figure 1 (A) Intractable eczema lead to the detection of (B) underlying diffuse large B-cell lymphoma. (C) Eczematous lesions disappeared

together with (D) the lymphoma remission.

© 2007 The Authors
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Neonatal vesiculopustular eruption of the face:
a sign of trisomy 21-associated transient
myeloproliferative disorder

DOI: 10.111 l/j.l365—2133.2007.07877.x

SIR, Neonatal vesiculopustular eruptions suggest a number of
differential diagnoses including both infectious and noninfec-
tious aetiologies. We describe a phenotypically normal neo-
nate with a vesiculopustular eruption arising from birth as the
result of a transient myeloproliferative disorder (TMD) associ-
ated with mosaic trisomy 21,

In November 2005, a Japanese girl was born at 39 weeks’
gestation, the second child of a healthy 25-year-old woman.
Shortly after birth, bizarre vesiculopustular skin lesions were
observed on her face, and rapidly increased in number with a
tendency to appear at sites where pressure or dressings had
been applied. There was no maternal history of genital herpes
simplex virus infection, and application of topical aciclovir by
the attending paediatrician failed to improve the skin lesions.
She was referred to ‘the dermatology dlinic on day of life
(DOL) 14.

Physical examination revealed 3- to 6-mm, reddish, small
vesicular papules with yellowish crusts scattered on her face,
especially on the cheeks (Fig. !). Bacterial culture from the
eruption resulted in a marginal growth of Staphylococcus aureus,
Enterococcus faecalis and methicillin-resistant S. aureus. Skin biopsy
of a papule on her left cheek revealed prominent infiltration
of mononuclear cells with slighdy atypical nuclei within
the epidermis and upper dermis. There were no viral inclu-

Fig 1. Vesiculopustular eruption on the face of a phenotypically
normal female neonate with wansient myeloproliferative disorder.

© 2007 The Authors
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Fig 2. (a) Prominent infilration of immature lymphoid cells with
slightly atypical nuclei in the upper dermis and epidermis in a skin
biopsy taken from the left cheek (haematoxylin and eosin; original
magnification X 200). (b) Infiltrated cells were myeloid lineage or
immature myeloid (myeloperoxidase staining; original magnification
X 400).

sions, ballooning or reticular degeneration in the epidermis
(Fig. 2a). The myeloid lineage of these mononuclear cells was
confirmed using myeloperoxidase staining (Fig. 2b).

The baby had experienced shortness of breath on DOL 4. At
the time of this episode, the white blood cell (WBC) count
was 997 X 10° L™, with blast cells. Acute myelogenous leu-
kaemia (AML) was suspected; however, bone marrow aspir-
ation demonstrated no blast cells. Thus she was diagnosed as
having TMD. As TMD is known to occur mainly in infants
with Down syndrome, peripheral blood fluorescence in situ
hybridization (FISH) was performed. Although she was
phenotypically normal, FISH analysis revealed mosaicism for
wrisomy 21. The vesiculopustular eruption was resistant to top-
ical andbiotics (gentamicin or fusidic acid) and remained
unchanged until DOL 17. Later, the eruption showed a ten-
dency to improve as the WBC count decreased smoothly, and
spontaneously cleared without any additional intervention at
2 months of age. Further follow-up of her blood counts
at intervals of 3 months revealed no sign of haematological
malignancy, and she remains healthy at | year of age.
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Neonates with trisomy 2! have an increased risk of haem-
atological abnormalities, including leukaemoid reaction, TMD
and congenital leukaemia. TMD is a syndrome of spontane-
ously resolving hyperleucocytosis in infants, and is found
almost exclusively in neonates with Down syndrome.' How-
ever, this disorder has also been reported in phenotypically
normal neonates with trisomy 21 mosaicism.” Although TMD
is known to follow a benign clinical course, some patients have
developed secondary life-threatening haematological disorders
after the improvement of TMD. Therefore, recent publications
strongly recommend that patients with a history of TMD
should undergo full blood counts at intervals of 3-6 months
during the first years of life.* The most frequent disease which
occurs subsequently to TMD is AML, usually megakaryoblastic
type (AML-M7), and the rate of incidence is relatively high.
Zipursky et al.* reported that about 25% of infants who recov-
ered from TMD developed AML-M7. Genetic research is in
progress, and a recent study has revealed that almost all cases
of TMD were associated with somatic GATAl mutations,’ found
initially in AML-M7 in patients with Down syndrome.*® In
addition, Hasle et al.” suggested that persistently upregulated
Wilms tumor 1 gene expression level might be associated with
an elevated risk of subsequent development of AML.

At the initial visit, we diagnosed this case as neonatal pustu-
lar disease, and several differential diagnoses were considered.
Infantile acne is a well-known disorder in which a pustular
eruption forms on the face of neonates. However, in general,
this disorder does not occur immediately after birth, and the
lesions usually comprise tiny pustules with comedones. Histo-
logical findings ruled out erythema neonatorum, eosinophilic
pustular folliculitis of infancy and incontinentia pigmend,
because there was no eosinophil infiltration. The infant had
no vesiculopustular eruption at the time of birth, and no post-
lesional pigmentation was observed during her clinical course,
and thus transient neonatal pustulosis was excluded. Neonatal
listeriosis, caused by Listeria monocytogenes, can manifest pustular
eruptions; however, this condition was ruled out because the
amniotic fluid was not stained at her birth, no systemic symp-
toms suggesting sepsis or meningitis were observed, and bac-
terial culwure failed to identify L. monocytogenes.

Thirteen cases of vesiculopustular eruption have previously
been reported in patients with TMD associated with trisomy
21.%'? These cases share similar clinical features. The skin
lesions appeared mainly on the face either from birth or soon
after birth, especially where pressure was applied. Most of
these cases with skin eruptions followed a benign clinical
course, and the skin lesions spontaneously disappeared over
weeks to years as the WBC count normalized. However, two
fatal cases are reported among these 13 cases including a case
with secondary development of AML.?

In conclusion, clinicians should consider the possibility
of TMD associated with trisomy 21 mosaicism, when they
encounter an unknown vesiculopustular eruption in phenotyp-
ically normal neonates. Careful follow up is recommended in
such cases because of the possibility of secondary haemato-
logical malignancy.
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Planar xanthoma due to cholestasis in graft
versus host disease

DOI: 10.11l1/]'.1365-2133‘2007.07878.)(

SRR, Bone marrow transplantation is increasingly being used
to treat a wide variety of malignant and nonmalignant

2

diseases.”? As the treatment of infections improves, graft-

versus-host disease (GVHD) emerges as one of the most

© 2007 The Authors

Journal Compilation © 2007 British Association of Dermatologists @ British Journal of Dermatology 2007 156, pp1362-1402

— 127 —



doi: 10.1111/.1365-2230.2006.02262 x

Giant dermatofibroma: a rare variant of dermatofibroma
preferentially developing on the lower limbs

D. Hoshina, A. Shibaki, S. Aoyagi, K. Kimura and H. Shimizu
Department of Dermatology, Hokkaido University Graduate School of Medicine, N15 W7, Kita-ku, Sapporo 060-8638, Japan

A 20-year-old man presented to our outpatient clinic
with a 3-year history of a slowly growing nodule on his
right leg. Physical examination revealed a brown, firm
nodule, 50 mm in diameter, which was immobile owing
to the adhesion to the subcutaneous tissue (Fig. 1a).
The surface of the nodule was moderately hyperkera-
totic and partly covered with brown crusts. An initial
incisional biopsy demonstrated an irregularly arranged
dense proliferation of fibroblast-like cells throughout the
dermis and superficial subcutaneous tissue. Magnetic
resonance imaging demonstrated invasion close to the
fascia of the anterior tibial muscle (Fig. 1b). A simple
surgical excision was made for diagnosis and treatment.

Histopathological examination revealed a relatively
sparse proliferation of fibroblast-like tumour cells with-
out nuclear atypia throughout the entire dermis
(Fig. 2a). The overlying epidermis demonstrated mod-
erate hyperkeratosis (Fig. 2b). The tumour cells were
loosely arranged within the mature collagen bundles
(Fig. 2c¢) and partially extended into the superficial
subcutaneous tissue along the fibrous septa (Fig. 2d).
Immunohistochemical examination demonstrated a
lack of CD34 expression in the proliferating tumour
cells. From the histopathological and immunohisto-
chemical features, a diagnosis of giant dermatofibroma
(DF) was made.

DF is a benign cutaneous tumour, generally <20 mm
in diameter." However, these tumours sometimes en-
large and may be misdiagnosed as malignant tumours,
such as dermatofibrosarcoma protuberans (DFSP). Giant
DF is a clinical variant of DF, designated by Danckaert
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and Karassik in 1975 and characterized by its unusu-
ally large size. Although there is no clear definition of the
size for the diagnosis of giant DF, Requena et al.? used a
size larger than 35 mm for the diagnosis of giant DF in
their study. In previous reports, the size of the tumour
ranged from 35 to 120 mm, and almost all the lesions
were located on the lower limbs.!~3 No recurrence after
surgical excision has been reported to date.>

Distinguishing giant DF from malignant fibrous
tumours, especially DFSP, may be difficult, owing to
its unusual clinical appearance. Although histopatho-
logical examination reveals conventional features of DF
in most cases, an incisional biopsy specimen from the
tumour may demonstrate architectural features similar
to DFSP. In order to distinguish between the two entities
of giant DF and DFSP, several reports have suggested
that immunochistochemical analysis of CD34 and factor
XIIla expression is useful.* However, even these meth-
ods could fail to lead to a diagnosis because there may
be staining variability among different cases. Focal
CD34 reactivity may be demonstrated in some DF
cases,*> whereas some DFSPs uncharacteristically
express factor XIIla, but not CD34.*> Recently, Cribier
et al. reported that immunohistochemical staining of
stromelysin 3 (ST3) may be useful for the distinction in
such problematic cases. In their study, none of the 40
DFSP cases expressed ST3, while all 40 DF cases,
including 10 giant DFs, expressed ST3.°

In our case, initial incisional biopsy was insufficient to
permit a definite diagnosis to be made. Careful histo-
pathological re-evaluation of the surgical specimens
revealed that most of the tumour showed the typical
histopathological features of DF. In addition, the nega-
tive result of immunohistochemical staining with anti-
CD34 supported the diagnosis of giant DF.

We suggest that a thorough histopathological exam-
ination of large tissue samples from the tumour,
together with immunohistochemical staining, is recom-
mended for the correct diagnosis of giant DF.

© 2006 The Author(s)
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Figure 1 (a) Brown, firm nodule, 50 mm
in diameter, immobile owing to adhesion
to the subcutaneous tissue: (b) magnetic
resonance imaging demonstrated invasion
close to the fascia of the anterior tibial
muscle.
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Figure 2 (a) A relatively sparse proliferation of fibroblasts without nuclear atypia. which produced mature collagen bundles throughout the
entire tumour. (b) the overlying epidermis demonstrated moderate hyperplasia; {c) most of the tumour was occupied by an area with a
sparse number of cells, comprised of plump spindle cells producing mature collagen bundles; (d) the subcutaneous invasion preserved the
fat lobules. Haematoxylin and ecosin, original magnification (a) x 5. (b-d) X 100.

®© 2006 The Author(s)
Journal compilation © 2006 British Society for Immunology, Clinical and Experimental Dermatology 133

—~ 129 —



A memorable patient

References 4 Goldl')h.xm ']R. Tuthill R]. CD34 and factor-XIlla immuno-
reactivity in dermatofibrosarcoma protuberans and derma-
1 Danckaert B, Karassik SL. Dermatofibroma: An usual pres- tofibroma. Am ] Dermatopathol 1977; 19: 147-53.
entation. Cutis 1975; 16: 245-7. 5 Cribier B, Noacco G, Peltre B, Grosshans E. Stromelysin 3
2 Requena L, Farina MC, Fuente C et al. Giant dermato- expression: a useful marker for the differential diagnosis
fibroma. A little known clinical variant of dermatofibroma. dermatofibroma versus dermatofibrosarcoma protuberans.
J Am Acad Dermatol 1994; 30: 714-19. ] Am Acad Dermatol 2002; 46: 408-13.

3 Goolman HB, Sanders L], Porter MC. Benign fibrous histi-
ocytoma of the foot: a literature review and case report.
Cutis 1990; 46: 223-6.

© 2006 The Author(s)
134 Journal compilation © 2006 British Society for Immunology, Clinical and Experimental Dermatology

— 130 —



The Journa!l of Immunology

Mesenchymal Stem Cells Are Recruited into Wounded Skin
and Contribute to Wound Repair by Transdifferentiation into
Multiple Skin Cell Type'

Mikako Sasaki,” Riichiro Abe,> Yasuyuki Fujita, Satomi Ando, Daisuke Inokuma,
and Hiroshi Shimizu®

Mesenchymal stem cells (MSCs) can differentiate not only into mesenchymal lineage cells but also into various other cell lineages.
As MSCs can easily be isolated from bone marrow, they can be used in various tissue engineering strategies. In this study, we
assessed whether MSCs can differentiate into multiple skin cell types including keratinocytes and contribute to wound repair.
First, we found keratin 14-positive cells, presumed to be keratinocytes that transdifferentiated from MSCs in vitro. Next, we
assessed whether MSCs can transdifferentiate into multiple skin cell types in vivo. At sites of mouse wounds that had been i.v.
injected with MSCs derived from GFP transgenic mice, we detected GFP-positive cells associated with specific markers for
keratinocytes, endothelial cells, and pericytes. Because MSCs are predominantly located in bone marrow, we investigated the main
MSC recruitment mechanism. MSCs expressed several chemokine receptors; especially CCR7, which is a receptor of SLC/CCL21,
that enhanced MSC migration. Finally, MSC-injected mice underwent rapid wound repaired. Furthermore, intradermal injection
of SLC/CCL21 increased the migration of MSCs, which resulted in an even greater acceleration of wound repair. Taken together,
we have demonstrated that MSCs contribute to wound repair via processes involving MSCs differentiation various cell compo-

nents of the skin. The Journal of Immunology, 2008, 180: 2581-2587.

one marrow has an extremely complex cellular arrange-
ment of bone marrow stroma, to maintain the hemopoi-
etic microenvironment. Other than hemopoietic stem
cells and differentiated lineages, bone marrow contains a subset of
nonhemopoietic cells, mesenchymal stem cells (MSCs)* that ac-
count for roughly 0.01-0.001% of the bone marrow derived cell
population (1). These rare, heterogeneous cells have the capacity
to proliferate and differentiate into mesenchymal lineage cells such
as osteoblasts, adipocytes, and chondrocytes (1, 2) (3, 4). Thus,
MSCs are thought to be the key in maintaining the bone marrow
microenvironment. Various mesenchymal tissues such as s.c. fat
also contain MSCs (5).
Recent reports show that MSCs may have the ability to differ-
entiate into other lineage cells in vitro, such as endothelial cells (6,
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7), neural cells (8, 9) and hepatocytes (10, 11). In vivo studies have
also shown that MSCs can differentiate into tissue-specific cells in
response to cues provided by different organs (12).

In addition to pluripotency, MSCs are known to have immuno-
suppressive effects involving various mechanisms, resulting in
evading the allogeneic host immunosurveillance system (13).
Therefore, recent studies have suggested that MSCs are promising
candidates for cell-based tissue engineering, to repair or replace
important damaged tissues (14) such as after myocardial infarction
(15), and spinal injury (16). However, there have been no inves-
tigations into whether the introduction of MSCs into skin wounds
is effective or not.

So far, MSCs have already been used in several clinical trials
including neurological diseases and spinal injury (17, 18), with
results that have fallen short of any high expectations. It has been
speculated that one of reasons was an insufficient knowledge of
physiological behavior of MSCs. The detailed mechanisms of spe-
cific cell type differentiation from MSCs still remain to be identi-
fied. To better handle this potentially useful cell type and provide
further promising novel regenerative cell therapies, we urgently
require a much greater in-depth knowledge of MSCs to make bet-
ter use of them in therapies.

We hypothesize that induction of mechanical stress in skin re-
sults in the release of various cytokines, especially chemokines
which recruit blood-circulating MSCs (19). At the same time,
these chemokines increase bone marrow stem cell mobility,
thereby, facilitating MSCs mobilization into the peripheral blood
and into sites of wound healing. Accumulating MSCs at wounded
sites are able to transdifferentiate into multiple skin component cell
types, thus contributing to wound repair.

In this study, we cultured MSCs in various culture medium, and
have identified certain conditions under which MSCs efficiently
differentiate into keratinocytes in vitro. Additionally, we have i.v.
injected MSCs into wounded mice, and have investigated whether
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MSCs migrate and become engrafted into wounded skin to pro-
mote wound healing.

Materials and Methods

Isolation and culture of MSCs from mouse bone marrow

Bone marrow-derived cells were collected by flushing the femurs and
tibias from C57BL/6 and GFP-transgenic (under control of B-actin pro-
moter) male mice (The Jackson Laboratory). These cells were cultured
in MesenCult basal medium containing MSC stimulatory supplements
(StemCell Technologies). After 48 h, the nonadherent cells were re-
moved and fresh medium was added to the cells. Medium was changed
every 2 or 3 days. The adherent spindle-shaped cells were further prop-
agated for three passages.

Flow cytometry

Cultured MSCs were analyzed by flow cytometry (FACS Calibur; BD
Biosciences). Cells were incubated with anti-CD31, CD34, CD44,
CD90 (BD Biosciences), CD29 (Cymbus Biotechnology), and cytoker-
atin 14 (Chemicon) and secondary FITC-conjugated Abs (The Jackson
Laboratory).

Differentiation culture of MSCs for mesenchymal lineage

MSCs were placed in basic medium, consisting DMEM (Invitrogen Life
Technologies), 10% FBS, 1% penicillin, 1% streptomycin, 1% amphotericin
B, and then specific supplements for mesenchymal lineage differentiation were
added (20). Adipogenic differentiation was induced by basic medium with 0.5
uM dexamethazone, 0.5 mM 3-isobutyl-1-methylxanthine, and 0.1 mM indo-
methacine (Sigma-Aldrich) (21). Osteogenic differentiation was achieved by
basic medium containing 0.1 M dexamethazone, 50 uM ascorbic acid, and
10 mM B-glycerophosphate (Sigma-Aldrich) (22). Chondorogenic differenti-
ation was induced by basic medium containing 50 uM ascorbic acid, 0.1 uM
dexamethazone, 10 ng/ml TGF-8 (R&D Systems), 40 ug/ml L-proline (Sig-
ma-Aldrich), and 100 pg/ml sodium pyruvate (Wako) (23). Each specific dif-
ferentiation medium was changed every 2-3 days. Confirmation of differen-
tiation of the cells to adipocytes, osteocytes and chondrocytes were performed
by staining with oil red O, Von Kossa, and toluidine blue, respectively.

Induction of MSC into keratinocyte differentiation

MSCs were plated into 8-well slide glass chamber and cultured in kera-
tinocyte basal medium (Invitrogen Life Technologies) containing 0.5 nM
bone morphogenetic protein-4 (BMP-4) (R&D Systems), 0.3 mM ascorbic
acid, 0.5 ug/ml hydrocortisone or 3 ng/ml human epithelium growth factor
(Cambrex). After 7 days culture, MSCs were stained with cytokeratin 14
Abs (Chemicon).

Intravenous injection of MSCs into the wounded mice

All animal procedures were conducted according to guidelines provided by
the Hokkaido University Institutional Animal Care and Use Committee
under an approved protocol. Female C57BL/6 mice were anesthetized and
10-mm full thickness punch biopsy wounds were made. One million MSCs
derived from male GFP transgenic mice were injected into the tail vein of
back skin-injured mice. All wounds were repaired within 2 wk. When the
wound was repaired, the area skin was collected and analyzed. Further-
more, wound area was measured in mice with and without MSC injection.

To calculate migrated MSCs in wound skin, wound sites were removed
3 days later and examined for the presence of GFP* MSCs by quantitative
flow cytometric analysis following proteolytic digestion. For quantitative
flow cytometric analysis, excised skin (250 mg biopsy/animal) was
chopped into small fragments, then incubated for 1 h at 37°C in RPMI 1640
containing 10% FBS, 2 mg/ml collagenase, and 20 mg/ml DNase 1. The
resulting single-cell suspension was examined by flow cylometry to deter-
mine the number of fluorescent fibrocytes present.

Fibroblasts (1 X 10°%) cultured from adult GFP transgenic mouse skin
were injected into the tail vein of back skin-injured mice. After 8 days,
wound sites were removed (o analyze.

Immunofluorescence staining

Skin sections were stained with anti-GFP Ab (Molecular Probes). In ad-
dition, skin sections were treated with primary Abs against CD45, CD31,
pan-cytokeratin (Progen), a-smooth muscle actin (SMA; LAB VISION),
and CCR7 (Santa Cruz Biotechnology). Secondary Abs conjugated to rhoda-
mine-isothiocyanate (Southern Biotechnology) were used for fluorescence
staining detection together with a confocal laser scanning fluorescence micro-
scope (FV1000; Olympus).

RECRUITED MSC CONTRIBUTE TO SKIN WOUND REPAIR

Detection of X- and Y-chromosomes by fluorescence in situ
hybridization (FISH) analysis

To investigate whether the GFP positive cells in the skin of MSC injected
mice were the result of transdifferentiation or cell fusion with host cells, we
used MSCs of a different sex from the recipient mice, and investigated the
tissue using FISH analysis. X- and Y-chromosomes were detected using
the Dual Color Detection kit (Cambio) according to the manufacturer’s
protocol (CyS for Y chromosomes and Cy3 for X chromosomes) and im-
mediately viewed with a confocal laser scanning fluorescence microscope.

Chemokine receptor expression in MSCs

Total RNA was isolated from MSCs. RT-PCR analysis of mRNA from
chemokine receptors and GAPDH were performed in a thermocycler (Gene-
Amp PCR system 9600; PerkinElmer). Primers are as follows: CXCR4
(sense: 5'-ACTGCATCATCATCTCCAAGC-3', antisense: 5'-CTCTCGA
AGTCACATCCTTGC-3'); CCR4 (sense: 5'-TCTACAGCGGCATCTTC
TTCAT-3', antisense: 5'-CAGTACGTGTGGTTGTGCTCT-3’); CCRS
(sense: 5'-CTGGCCATCTCTGACCTGTTTTTC-3’, antisense: 5'-CAGC
CCTGTGCCTCTTCTTCTCAT-3’); CCR7 (sense: 5'-ACAGCGGCCTC
CAGAAGAAGAGCGC-3', antisense: 5'-TGACGTCATAGGCAATGTT
GAGCTG-3'); CCRI10 (sense: 5'-GGCCCTGACTTTGCCTTTTG-3',
antisense: 5'-GCTGCCAGTAGATCGGCTGT-3"); GAPDH (sense: 5°'-
GAGGGGCCATCCACAGTCTTC-3', antisense: 5'-CATCACCATCT
TCCAGGAGCG-3').

MSCs were incubated with anti- CXCR4, CCR4, CCRS5 (BD Pharmin-
gen), CCR7 (Santa Cruz Biotechnology), and CCR10 (Calbiochem) and
then analyzed by flow cytometry as described above.

Chemotaxis assay

MSCs migration was evaluated using a Chemotaxicell (Kurabo) according
to the manufacturer’s instructions. The contents of the upper and lower
chambers were separated by polycarbonate filter (8-um pore size). MSCs
were resuspended at 1.0 X 10%100 u} in Mesencult basal medium and
seeded in the upper chamber. Recombinant monokine induced by IFN-v,
stromal derived factor 1, thymus and activation regulated chemokine
(TARC), macrophage inflammatory protein (MIP)-3a, secondary lym-
phoid tissue chemokine (SLC/CCL21) and cutaneous T cell-attracting che-
mokine (CTACK) (R&D Systems) were used as chemoattractants in the
lower chamber. The chambers were incubated overnight at 37°C. Results
are expressed as number of migrated cells in lower chamber. To confirm
CCR?7 expression, migrated MSC in SLC/CCL21 chemotaxis assay were
stained with CCR7 Ab (Santa Cruz Biotechnology).

Wound healing analysis

Female C57BL/6 mice were anesthetized and 10 mm full-thickness punch
biopsy wounds were made. One million MSCs derived from male GFP
transgenic mice were injected into the tail vein immediately after injury.
Subsequently, the chemokine (SLC/CCL21, TARC, or CTACK; a total of
3 pgin 100 ul) or PBS (100 wul), as vehicle-only control, was intradermally
injected into the periphery of the wounds. Standardized images of wounds
werce recorded using a digital camera for analysis of daily wound sizes.

Induction of MSC into endothelial cell differentiation

MSCs were plated into fibronectin coated 8-well slide glass chamber and
cultured in DMEM containing with 50 ng/ml VEGF, 10 ng/ml bFGF, 3%
FBS and 0, 1, 10, or 100 ng/m! SLC/CCL21. After 7 days culture, MSCs
into endothelial cell differentiation were evaluated by CD31 Immunoflu-
orescence staining.

Results
Characterization of isolated MSCs

Cell surface markers were assessed using flow cytometry to char-
acterize isolated MSCs. MSCs expressed CD29, CD44,and CD90,
but not CD34 and CD31 (Fig. 14) consistent with previous reports
(22, 24). MSCs were further characterized by confirming their
ability to undergo specific adipogenic, osteogenic, and chondro-
genic differentiation. These cells were positive for oil red O stain-
ing, Von Kossa’s staining, and toluidine blue staining, indicating
adipogenic, osteogenic, and chondrogenic respective cell type dif-
ferentiation (Fig. 1, B-D). Only cells that met these criteria were
used in subsequent experiments.
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FIGURE 1. MSCs have a potential to A

differentiate into keratinocyte. A, Cell
surface markers of MSCs were assessed
using FACS. MSCs expressed CD29,
CD44, and CD90, but not CD34, CD31.
B, Adipogenic differentiation was re-

vealed with oil red O staining. C, Osteo- LR T
genic differentiation was confirmed by
Von Kossa’s staining. D, The chondoro-

genic potential of MSCs was determined
by staining for toluidine blue. In B-D,
upper panels are before differentiation
induction, and lower panels are after dif-
ferentiation induction, representatively.
To investigate whether MSCs differenti-
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Recent reports have shown that MSCs can differentiate into vari-
ous cell types. In skin cells, endothelial cells, pericytes, mono-
cytes/macrophage, and adipocytes have been reported (24, 25).
However, it is currently unknown whether MSCs can differen-
tiate into keratinocytes. For that reason, we assessed whether
MSCs can differentiate into keratinocytes in vitro. MSCs were
exposed to 0.5 nM BMP-4 at different days of culture. Keratin
14 positive cells were presumed to identify MSC transdifferen-
tiated keratinocytes. There were no keratin 14-positive cells at
the beginning of culture, as bone marrow cells. Enhancement of
keratinocyte commitment (0.48%) was clearly observed when
0.5 nM BMP-4 was added for 7 days (Fig. 1F).

MSCs differentiate into multiple skin cell types

Recent reports (22) have shown that MSCs were mobilized and
differentiate into cardiomyocytes after myocardial infarction. Fur-
thermore transplanted MSCs improved cardiac function in dilated
cardiomyopathy (26). For that reason, we speculated that MSCs
may differentiate into multiple skin cell types during wound heal-
ing. GFP transgenic mouse-derived MSCs were injected i.v. into
injured mice. When wound repaired, the area skin was collected
and performed immuno(luorescence staining. GFP positive cells
were colocalized with pan-cytokeratin (Fig. 2, Aa—c), CD31 (en-
dothelial cell marker, Fig. 2, Ad—f), and a-SMA (myofibroblast
and pericytc marker; Fig. 2, Ag—i). The number of GFP-positive,
pan-cytokeratin-positive cells is1.0/high power field (HPF), and
the percentage of GFP-positive in all pan-cytokeratin-positive cells
is 0.14% (Table I). The number of MSCs that differentiated into
endothelial cells was 4.7/HPF, and 13.2% of endothelial cells were
GFP positive. In particular, 33.0% of pericytes (recognized as
a-SMA-positive, CD31-negative and located close to the capillary
(27)) were differentiated from injected MSCs. Although GFP-pos-
itive macrophages were also detected (1.5/HPF and 2.4%), no
GFP-positive adipocytes were found. In addition, very few GFP-
positive monocytes/macrophages (CD11b positive) were also
found (data not shown).

To exclude the possibility that skin cell differentiation was the
result of spontaneous cell fusion, we analyzed the presence of X
and Y chromosomes using FISH methods. If MSCs and recipient

Von Kossa

Toluidine blue

Keratin 14> MSCsi/total MSCs (%)
(-]

skin cells were fused, these cells would contain XXXY chromo-
somes. Although we analyzed in total ~1 X 10" cells, we detected
no GFP-positive cells containing XXXY chromosomes. All GFP
positive cells contain XY chromosomes (Fig. 2B) indicating that
the incidence of MSCs and skin cell fusion is an extremely rare
event.

MSCs migrate in response to specific chemokine gradients

Several papers have reported (28, 29) that MSCs constitutively
express various chemokine receptors such as CCR1, CCR7,CCRS,
CXCR4, CXCRS, and CXCRS6. If chemokine/chemokine receptor
interactions contribute to the recruitment of MSCs to damaged
tissues, a specific chemokine should be up-regulated in the target
tissue together with a partner receptor expressed on the MSCs. The
ability of MSCs to migrate in response to chemotactic signals was
investigated using a chemotaxis assay.

Chemokine receptor expression on MSCs were examined to de-
termine potential migratory reaction to stimuli. MSCs expressed

A pan-cytokeratin

GFP

specific
cell
marker

FIGURE 2. MSCs transdifferentiate into muitiple skin cell type in
wound site. A, MSC differentiate into multiple components of the skin.
GFP positive cells (green) were colocalized with (a—c) pan-cytokeratin
(red), (d=f) CD31(red), and (g—i) a-SMA (red). Nuclear staining (c and f)
and CD31 (1) are blue. These data suggests MSCs were differentiated into
keratinocytes, endothelial cells, and pericytes, respectively. B, Detection of
X and Y chromosomes using FISH methods. All GFP positive cells con-
tains XY chromosomes. Arrow (blue), Y; arrow head (red), X.
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Table 1. MSC differentiated into various cell component of the skin

MSC-Derived, Specific

Number of Cell Marker* Cell (%)
Differentiated (Number of GFP*, Cell
MSCs/HPF Marker*/Number of
(X40) Cell Marker*)
Keratinocyte 1.0 0.14 (4/2828)
Endothelial cell 4.7 13.2 (24/182)
Macrophage 1.5 2.4 (3/129)
Pericyte 0.2 33.0(5/15)

the transcripts for CCR4, CCR5, CCR7, and CCR10. Transcripts
for other chemokine receptors were not detected. Protein expres-
sion was determined by flow cytometry analysis. CCR4, CCR5,
CCR7, CCRI10, and CXCR4 were also expressed in 14.3, 19.9,
10.0, and 38.0% of MSCs, respectively (Fig. 34). These data are
consistent with previous report that showed a minority of MSCs
(2-25%) were expressed as a restricted set of chemokine receptors
(29, 30).

To confirm that these receptors were actually functional in these
cells, in vitro chemotaxis assays were undertaken. The following
ligand-receptor combinations were investigated: TARC for CCR4,
MIP-3a for CCRS, SLC/CCL21 for CCR7, and CTACK for
CCR10. Neither CTACK nor MIP-3a enhanced MSC migration.
In contrast, SLC/CCL21 and TARC induced MSCs’ migration in
a dose-dependent manner (Fig. 3B). Indeed, migrated MSCs in-
duced by SLC/CCL21 in chemolaxis assay were almost all posi-
tive of CCR7 expression (Fig. 3C). Furthermore, in wound site of
MSC injected mice, injected MSCs (GFP positive) expressed
CCR7 (Fig. 3D).

SLC/CCL21 specifically led to the accumulation of MSCs in
wounded skin and accelerated MSCs-induced wound healing

We analyzed the number of injected MSC (1 X 10%) which accu-
mulated in the skin wound. Using flow cytometry, 7.4 X 10?2 MSC
were detected in the wound skin at 3 day after wound, and tend to
decrease (Fig. 4A). To assess the ability of MSC recruitment by
these chemokines in vivo, we intradermally injected these chemo-

RECRUITED MSC CONTRIBUTE TO SKIN WOUND REPAIR

kines to the periphery of wounded skin in MSCs injected mice.
The number of GFP-positive cells in the wound sites was then
calculated, when the wound was repaired (each group, n = 5).
Although TARC failed to influence the number of MSCs com-
pared with controls, SLC/CCL2! significantly increased the num-
ber of GFP-positive MSCs in wounded skin (Fig. 4B). Time course
analysis of the number of MSCs (2, 6, and 12 wk) showed the
number of MSCs were gradually decreased (Fig. 4C). The quality
of the wound was not significant difference between healed skin of
MSC injected mice and that of control mice zt 15 days (Fig. 4D).
In addition, the number of GFP™ endothelial cells showed a trend
to increase, and the number of GFP™ pericytes increased signifi-
cantly compared with control (Fig. 4E). We therefore surmised
that SLC/CCL21 was capable of attracting MSCs, which partici-
pated in the host skin angiogenic wound response.

Furthermore, to evaluate the contribution of MSCs in reducing
the wound area at 8 days, we measured wound size. Quantification
of wound size demonstrated only 9.3 mm? in MSCs injected-mice,
compared with 23 mm? in control mice (Fig. 4F). Wound size in
the mice with fibroblasts injection was not significantly different
from those of control mice (data not shown). MSCs injected-mice
repaired wounds faster than control mice. In addition, i.v. injection
of MSCs and intradermal injection of SLC/CCL21 together further
encouraged wound repair. These data suggest that MSCs contrib-
ute to wound repair by differentiating into multiple skin cell types.
Furthermore, SLC accelerated wound closure of MSCs injected-
mice in a dose-dependent manner (Fig. 4G).

We showed that circulating MSC was recruited by SLC/CCL21.
Furthermore, SLC/CCL21 accelerated MSCs accumulation in
wound site, especially the formation endothelial transdifferentiated
cells. For that reason, we speculated that SLC/CCL21 may en-
hance differentiation of MSCs into endothelial cells. To investigate
endothelial differentiation of MSC was enhanced by SLC/CCL2t,
we cultured MSCs in endothelial cell differentiation medium
containing SLC/CCL21. CD31 positive cells were presumed to
identify MSC transdifferentiated endothelial cells. The number
of endothelial cell was no difference between SLC/CCL21
added and not added (data not shown).

FIGURE 3. MSCs arc recruited by A g CCR4 g CCRS 5 CCRY CCR10
specific chemokin/chemokine receptor 3 g 3
interactions. A, Chemokine receptor ex- é ;3 é

pression on MSCs were analyzed by
flow cytometry. Staining with a specific
Ab for each chemokine receptor (solid
line) and the background staining with °
the nonspecific Ig Ab (negative isotype !
matched control; shaded profile). B, B
Chemotaxis assays were undertaken in R
vitro. MSCs were added to the upper

well of a 8-um pore Transwell cham-

ber. Indicated recombinant chemokines Sxi
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FIGURE 4. MSCs are recruited into wounded skin and contribute to wound repair. A, The number of MSCs accumulated into wounded sites was
analyzed by flow cytometry (*, p < 0.05). B, The number of MSCs in wounded sites with local application of 3 ug of chemokine (SLC/CCL21 or TARC)
was counted in the HPF (%, p < 0.05). Time course analysis of the number of MSCs (2, 6, and 12 wk) (C), and the number of MSC-differentiated endothelial
cells and pericytes (E) were also counted (*, p < 0.05). D, H&E staining of healed skin of MSC injected mice and that of PBS-injected mice at 15 days
after full-thickness cutaneous injury. F, Wound size was measured at 8 days after injury and subsequent chemokine treatment (total 3 g in 100 ul) or PBS
(100 wl) as control (S mice in each group). Intradermal injection of SLC/CCL21 significantly accelerated wound closure (%, p < 0.05). G, SLC accelerated
wound closure of MSCs injected-mice in a dose-dependent manner (¥, p < 0.05).

Discussion

In this article, we showed that MSCs may come to express keratin
14, keratinocyte marker, in vitro. In wounds, we also showed that
MSCs have the capacity to differentiate into multiple skin cell
types including keratinocytes, endothelial cells, pericytes, and
monocytes. Furthermore, circulating MSC recruitment was in-
duced by a specific chemokine (SLC/CCL21)/chemokine receptor
(CCR7) interaction both in vitro and in vivo. Intradermal injection
of SLC/CCL21 significantly accelerated wound closure by increas-
ing rates of MSC accumulation, especially the formation of endo-
thelial transdifferentiated cells.

In wound healing process, inflammation is very important
phenomenon because inflammation process including induction
of inflammatory factors and accumulation of various inflamma-
tory cells. Inflammatory factors and inflammatory cells start
tissue regencration by replenishment of cells and extracellular
components. We previously reported that SLC/CCL21 was ex-
pressed in keratinocytes of wounded skin (31). Taken together,
stimulated keratinocytes produce SLC/CCL21 and MSCs are
accumulated in wound site, then contribute wound repair by
transdifferentiation into multiple skin cell types.

Several clinical trials using MSCs have been attempted, in-
cluding for the treatment of neurological diseases (17), spinal
injury (16), and myocardial infarction (15). Although several
reports have proved some cfficacy for MSCs, it is still contro-
versial whether MSCs can contribute significantly to regenerate
damaged tissue via tissue specific transdifferentiation. This may
be explained, at least in part, by poor viability of the trans-
planted cells. Furthermore, a suitable microenvironment to pro-
mote specific transdifferentiation might be strictly provided, so
that MSCs local application without additional treatment failed
to form a biologically complete tissue. Physiological accumu-
lation of enough MSCs might induce further cell type differen-
tiation, resulting in better functional organization of the
wounded tissue. Although the transdifferentiation mechanism of
MSCs has been vigorously investigated, it has not attained a

sufficient level that can be used in clinical applications. Accu-
mulation of circulating MSCs, predominantly delivered from
bone marrow stroma to the specific tissue might be one of the
efficient strategy for tissue regeneration. In our study, 7.4 X 107
MSC were detected in the wound skin of MSC injected mouse
(1 X 10°i.v.). Recent paper (32) reported that injected MSCs
(1 X 10°i.v.) were detected predominantly in blood (5 X 10%)
and lungs (5 X 10*) and relatively low numbers of MSCs were
detected in femoral bone marrow (1 X 10?), spleen (1 X 10%),
liver (2 X 10%), and brain (5 X 10?). These data indicate that the
transplanted MSCs circuiate in the blood and are capable of
extravasaling into tissue. It scems to be reasonable that 6.9 X
10*> MSC were detected in 1 X 1 cm wounded skin in our
experiment (1 X 10° MSC were injected).

There are still questions about origin and multipotentiality of
MSCs. MSCs can be considered nonhemopoietic multipotent
stem-like cells that are capable of differentiating into both mesen-
chymal and nonmesenchymal lineages (33). However, there is no
specific single marker to clearly define MSCs. In fact, at present,
MSCs are identified through a combination of physical, pheno-
typic, and functional properties. The classical assay used to iden-
tify MSCs is the colony forming unit assay that identifies ad-
herent spindle shaped cells that proliferate to form colonies and
can be induced to differentiate into adipocytes, osteocytes, and
chondrocytes (33). Because MSC in our study qualify this cri-
teria, we used the term “mesenchymal stem cells” in this article.
Furthermore, it is still questionable whether MSCs from bone
marrow differentiate into keratinocytes in normal wound repair.
From present data, we showed that injected-MSCs contribute to
wound repair via accumulation in wound site. In addition, it has
been reported that MSCs circulate in normal state (19). How-
ever, it is difficult to label resident MSC because there is no
specific single marker to clearly define MSCs. Further studies
should prove MSCs has true stem cell potential.

If the marker for the keratinocyte-transdifferentiating MSCs is
found, we can enrich them by the marker and transdifferentiate
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