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MADAM,

Drug-induced hypersensitivity syndrome (DIHS)", also known as drug rash with
eosinophilia and systemic sympioms (DRESS) ?, has been established as a
clinical entity in severe cutaneous adverse drug reactions. DIHS is
characterized by the limited number of causative drugs, late onset, clinical
similarity to infectious mononucleosis-like syndrome and prolonged clinical
course due to relapse’.

Granulysin is a cytotoxic molecule produced against virus-infected cells, tumor
cells, transplant cells, bacteria, fungi and parasites®. It plays an important role in
the host defense against pathogens. A recent paper reported that granulysin is
highly expressed in blisters of two other severe cutaneous adverse drug
reactions: Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN)*. In addition, we found that serum granulysin is more elevated in patients
with early-stage SJS/TEN than in those with ordinary drug-induced skin
reactions”.

This paper investigates the serum granulysin level of DIHS patients. We
assembled serum samples of patients with DIHS and analyzed the correlation
between granulysin concentrations with clinical manifestations and disease
courses.

Sera of 15 patients with DIHS (10 men and 5 women; average age: 55.4 +19.9
years) were obtained from multiple institutions. All the patients had actively
progressing reactions meeting the criteria for DIHS, as previously defined’. The
disease onset (day 1) was defined as when the skin eruption appeared. Sera of

patients with ordinary drug skin reactions (ODSRs) (n=24) and healthy controls



(n=31) were also obtained. ODSRs included maculopapulartype and erythema
multiforme-type reactions. The granulysin concentrations of the serum samples
were measured with an ELISA as previously described®. In brief, serum
samples were incubated on plates coated with RB1 antibody (MBL) and then
reacted with biotinylated RC8 antibody (MBL). We performed assays in blind of
the clinical features.

In serum samples taken from day 1 to day 10 (n=9), 8 samples showed
elevated serum granulysin levels over 10 ng/ml (88.9%, 21.9 £12 ng/ml). In
serum samples taken from day 11 to day 20 (n=11), we detected prolonged high
serum granulysin levels (63.6%, 16.1+14.8ng/ml). Serum granulysin levels
decreased gradually after day 21 (n=20) (30%, 7.6 + 3.4) (Figure 1). By day 20,
the skin eruptions of all the DIHS patients had disappeared. As we reported
previously, in 31 healthy control subjects, no increase of granulysin level was
detected (0%, 1.6+0.6 ng/ml) and in 24 patients with ODSRs, elevated
granulysin was detected in only one patient (4.16%,3.5+3.4 ng/ml) °.

To distinguish DIHS from ODSRs, the following clinical information is helpful:
limited causative drugs, late onset after medication, manifestations similar to
infectious mononucleosis such as fever, lymphoadenopathy, hepatitis and
hematological abnormalities. However, because of the diversity of ODSRs and
similarity to viral exanthema, DIHS sometimes poses a diagnostic challenge. In
addition, some cases suffer from multiple organ failure. Therefore, early
diagnosis and appropriate treatment is essential.

Unique mechanisms have been implicated in DIHS development, including

detoxification defects leading to reactive metabolite formation and subsequent



immunological reactions’, and reactivation of HHV®. In addition, it is increasingly
apparent that there is a genetic predisposition to adverse drug reactions.
Human leucocyte antigen-related genes have been identified as predictors of
DIHS®.

In particular, the observation that HHV reactivation occurs during the acute
phase of DIHS has led to suggestions of a pathogenic link. Shiohara et al.
identified early reactivation of HHV6 and EB virué, with later involvement of
HHV7 and CMV®. The resulting expansion of virus-specific T cells might
mediate the clinical disease. Recent paper showed that cutaneous and visceral
symptoms of DIHS/DRESS are mediated by activated CD8" T lymphocytes,
which are directed against herpes viruses such as EBV'°.

Granulysin exhibits potent cytotoxicity against a broad panel of microbial
targets, including tumor cells, transplant cells, bacteria, fungi and parasites,
damaging negatively charged cell membranes because of its positive charge®.
Granulysin plays important roles in the host defense against pathogens and
induces apoptosis of the target cells in a mechanism involving caspases and
other pathways °. In the present study, we showed that granulysin levels of sera
were significantly elevated in DIHS patients compared to those of ODSREs. It is
suggested that, in DIHS, activation of virus-specific cytotoxic T cells resulted in
granulysin release in circulated blood. In contrast, granulysin was identified as
the most highly expressed cytotoxic molecule in blisters of SUS/TEN resulting
massive keratinocyte apoptosis®, and we revealed that serum granulysin
increased in early stage of SUS/TEN®. We speculated that granulysin is involved

in SUS/TEN pathogenesis, inducing keratinocyte death in the early stage of



these diseases, whereas serum granulysin in DIHS might be released against
virus-infected cells. This speculation is consistent with the present data that
show the duration of DIHS manifestation to coincide with the timing of elevated
serum granulysin levels. Recently we developed a rapid
immunochromatographic test to detect high serum granulysin level in 15
minutes®. We expect that monitoring of serum granulysin by the rapid test might
contribute to the early diagnosis of DIHS as well as of SUS/TEN. In conclusion,

serum granulysin might help early diagnosis and predict disease prognosis.

Figure Legend

Fig 1. Granulysin levels of healthy controls, and of ODSRs patients and DIHS
patients at different stages of the diseases.

In DIHS patients, we examined the concentration of granulysin for three terms:
day 1 to 10, day 11 to 20, and after day 21. The granulysin level was elevated

from day 1 to 20, compared to those for ODSRs and normal controls (*:p<0.01).
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Intraepidermal neutrophilic IgA pemphi-
gus successfully treated with dapsone

A 25-year-old woman presented with a 2-month history of
erythematous, intensely itchy macules and vesicles on the
extremities and trunk. Before onset, she was in good health
and took no medication. Physical examination revealed

- pinkish or reddish, edematous, well-demarcated erythema

(figure 1A). The lesions tended to coalesce, forming annular
patterns, some of which had vesicles around the margins,
forming a sunflower-like configuration. The oral cavity and
genital area were unaffected. Histopathological findings of
a pustule revealed intraepidermal blisters with neutrophil
infiltrates without prominent acantholysis (figure IB).
Laboratory examinations, including seram immunoglobu-
lins, and ELISA for anti-desmoglein 1 and 3 were within
normal ranges. Chest X-ray, electrocardiogram, and blood
tests revealed no other related diseases and monoclonal
gammopathy. DIF of the erythematous lesion revealed
IgA deposition in the intercellular space throughou
epidermis (figure 1C). IIF revealed circulating IgA au

of normal human skin (titer: 64x). Immunobl

tlated with toplcal corticosteroids

effect; dapsone (50 mg per day) w efore started. The

Figure 1. A) Pinkish and reddish edematous erythema with
vesicles around the margins are scattered on the trunk. B)
Histopathological findings of a pustule reveal intraepidermal
blisters with neutrophil infiltrates. C) Direct immunofluores-
cence of the perilesional skin biopsy specimen reveals IgA
deposits on the keratinocyte cell surfaces.

EJD, vol. 22, n°® 2, March-April 2012

64x to 16x.

Eur J Dermatol 2012; 22(2): 1-2

mptoms recurred
yse was raised to

pruritus and lesions improved bu

IgA pemphigus is
intraepidermal blistering
lopustular erupti
acantholysis. Ig

e IEN type is characterized by pustule
ainly in the middle or lower epidermis.

type IgA pemphigus involves cell surface IgA
only in the upper epidermis, whereas IEN-type
higus shows binding throughout the epidermis
ocollin 1 has been identified as an autoantigen
in SPD-type IgA pemphigus, suggesting that it plays an
important role in the pathogenesis of this disease sub-
type [3]. Although autoantibodies against desmogleins
[4] and desmocollins [5] have been reported in some
cases of IEN-type IgA pemphigus, the specific autoanti-
gen remains unidentified. In our case, we were also unable
to detect specific autoantibodies using immunoblot analy-
sis. Interestingly, a case with clinical and histological fea-
tures compatible with SPD-type IgA pemphigus, but for
which anti-desmocollins antibodies were not detected, was
diagnosed as IEN-type IgA pemphigus [6]. That report
suggested that the subtypes of IgA pemphigus might be
considered to be divided by autoantigens.

In contrast to the common types of pemphigus, like pemphi-
gus vulgaris, treatment for some cases of IgA pemphigus
does not require corticosteroid or other immunosuppressive
therapy. These cases of IgA pemphigus are well controlled
using only anti-inflammatory treatments, such as dapsone,
colchicine or isotretinoin [1]. Dapsone may be useful in
treating IgA pemphigus due to its effect in suppressing
neutrophilic infiltration. However refractory cases require
plasmapheresis or cyclophosphamide. In the present case,
oral administration of dapsone quickly caused the symp-
toms to subside. In IgA pemphigus, it is important to make
the correct diagnosis and to choose a suitable therapy to
avoid the side effects by the prolonged use of systemic
corticosteroids. M
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Conversion from human haematopoietic stem cells to keratinocytes
requires keratinocyte secretory factors
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Summary Background. Recent studies have reported that bone-marrow-derived stem cells
(BMSCs), including haematopoietic stem cells (HSCs) and mesenchymal stromal cells,
differentiate in order to regenerate various cellular lineages. Based on these findings, it
is known that BMSCs can be used clinically to treat various disorders, such as
myocardial infarction and neurotraumatic injuries. However, the mechanism of HSC
conversion into organ cells is incompletely understood. The mechanism is suspected to
involve direct cell-cell interaction between BMSCs, damaged organ cells, and
paracrine-regulated soluble factors from the organ, but to date, there have been no
investigations into which of these are essential for keratinocyte differentiation from
HSCs.

Aim. To elucidate the mechanism and necessary conditions for HSC differentiation
into keratinocytes in vitro.

Methods. We cultured human (h)HSCs under various conditions to try to elucidate
the mechanism and necessary conditions for hHSCs to differentiate into keratinocytes.
Result. hHSCs cocultured with mouse keratinocytes induced expression of human
keratin 14 and transglutaminase I. Only 0.1% of the differentiated keratinocytes
possessed multiple nuclei indicating cell fusion. Coculture of hHSCs with fixed murine
keratinocytes (predicted to stabilize cellular components) failed to induce conversion
into keratinocytes. Conversely, keratinocyte-conditioned medium from both human
and mouse keratinocytes was found to mediate hHSC conversion into keratinocytes.
Conclusions. Human HSCs are capable of differentiation into keratinocytes, and cell
fusion is extremely rare. This differentiating is mediated by the plasma environment
rather than by direct cell-cell interactions.

(MSCs), differentiate into various cellular lineages.!™

Based on these findings, BMSCs have been used to treat
several disorders in animal models, including myo-

Introduction

Recent studies have reported that bone marrow-derived

stem cells (BMSCs), including haematopoietic stem cells
(HSCs) and multipotent mesenchymal stromal cells

Correspondence: Dr Yasuyuki Fujita, Department of Dermatology, Hokkaido
University Graduate School of Medicine, N15 W7, Kita-ku, Sapporo 060-
8638, Japan

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

The first two authors contributed equally to this work, and should be
considered joint first authors.

Conflict of interest: none declared.

Accepted for publication 8 October 2011

© The Author(s)

cardial infarction, Parkinson disease and neurotraumat-
icinjuries.* ® We previously used a murine bone-marrow
transplantation model to show that HSCs can differen-
tiate into functional keratinocytes in vivo.”® Cutaneous
T-cell-attracting chemokine (CTACK)/CCL27 was found
to be the major regulator involved in the migration from
bone marrow of keratinocyte precursor cells, which
expressed CCR10, the receptor for the CTACK ligand.” In
addition, we reported that bone marrow-derived MSCs
also convert into keratin14-positive keratinocytes in vivo
and in vitro.’

CED © 2012 British Association of Dermatologists e Clinical and Experimental Dermatology 1
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The factor or mechanism governing the differentia-
tion of HSCs into injured organ cells is not fully
understood. Possible mechanisms include direct cell-
cell interaction between peripheral haematopoietic pro-
genitor cells and damaged organ cells, and involvement
of paracrine-regulated soluble factors from the organ.
Requirement of feeder cells such as 3T3 cells when
culturing keratinocytes implies that direct cellular
interactions play a major role in keratinocyte differen-
tiation, proliferation and homeostasis. Previous papers
have reported that use of secretory factors from
damaged liver tissue enables HSCs to take on many of
the characteristics of liver cells.’®

We cultured human (h)HSCs under various condi-
tions to elucidate the mechanism and necessary condi-
tions of hHSC differentiation into keratinocytes.

Methods

The study was approved by the ethics committee of
Hokkaido University Graduate School of Medicine, and
volunteers signed consent forms approved by the
Hokkaido University Graduate School of Medicine and
the Hokkaido Red Cross Blood Centre Committee for the
Protection of Human Subjects.'! All animal procedures
were conducted according to guidelines provided by the
Hokkaido University Institutional Animal Care and Use
Committee under an approved protocol.

Cells

Human peripheral blood CD34-positive cells, which are
considered to be hHSCs, were collected. Recombinant
human granulocyte colony-stimulating factor (G-CSF;
Chugai Pharmaceutical Co. and Kyowa Hakko Pharma-
ceutical Co., Tokyo, Japan) was administered to the
healthy subjects. Mobilized hHSCs were then isolated
from peripheral blood using immunomagnetic beads with
an antibody against CD34 as described previously.!!'*?

Pam 212, a murine keratinocyte cell line, was derived
from spontaneously transformed BALB/ ¢ keratinocytes.
Murine dermal fibroblasts were obtained from the dorsal
skin surface of C57BL/6 mice. Normal human epider-
mal keratinocytes (NHEKs; Cambrex, East Rutherford,
NJ, USA) were used as controls.

Coculture of hHSCs

To distinguish the differentiated HSC-derived keratino-
cytes and cocultured keratinocytes, we chose hHSCs
and murine keratinocytes Pam 212 to coculture. PAM
212 and murine dermal fibroblasts were grown

separately on eight-well culture slides to 80% conflu-
ence in DMEM (Invitrogen, Grand Island, NY, USA), and
NHEKs were grown in Konjac glucomannan medium
(KGM, Lonza Walkersville, Walkersville, MD, USA).
Each cell was washed twice with phosphate-buffered
saline (PBS) and then 1 x 10° hHSCs were added to
each well and cocultured for 5 days in RPMI medium
(Invitrogen). Bach experiment was repeated three times.

Paraformaldehyde fixation of keratinocytes

In coculture with fixed cells, Pam 212 cells or NHEKs
were grown on eight-well culture slides to 80% conflu-
ence, and then fixed with 0.5% paraformaldehyde for
15 min at 25 °C. Each well was washed twice with PBS,
and 1 x 10° hHSCs per well were cultured with fixed
keratinocytes for 5 days with RPMI.

Preparation of conditioned medium

Pam 212 cells or NHEKs at 80% confluence were washed
twice with PBS, and cultured for 48 h with RPMI. The
conditioned media were centrifuged at 2500 g for
10 min, filtered through 0.22-pum filters (Millipore, Bill-
erica, MA, USA), and stored at — 80 °C until use. These
conditioned media were then used to culture 1 x 10°
hHSCs on eight-well culture slides with the conditioned
media collected from the Pam 212 cells or NHEKSs.

Culture with secreted factors

The hHSCs (1 x 10°) were plated onto eight-well slides
as before, and cultured in keratinocyte basal medium
(Invitrogen) containing 0.5 nmol/L bone morpho-
genetic protein-4 (R&D Systems, Minneapolis, MN,
USA), keratinocyte growth factor (KGF; Invitrogen) or
interleukin-1-induced growth factor (IGF; Invitrogen).
After 48 h of culture, hHSCs were stained to investigate
their differentiation into keratinocytes.

Immunocytochemistry

Skin samples were embedded in optimal cutting temper-
ature compound (Sakura Finetek Japan, Tokyo, Japan),
then cut on a cryostat into 5 pum sections, which were
placed onto microscope slides. The slides were used for
indirect immunofluorescence using the following pri-
mary antibodies: human cytokeratin (CK)5 (catalogue
no.RCK103) and human CK14 (LL002) (both Santa Cruz
Biotechnology, Santa Cruz, CA, USA), human trans-
glutaminase 1 (B.C1) and human involucrin (rabbit
polyclonal (both Biomedical Technologies, Stoughton,

© The Author(s)
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MA, USA), human N-cadherin (GC4; Sigma-Aldrich,
St. Louis, MO, USA), anti-pankeratin goat polyclonal,
human a6-integrin (GoH3) and human HLA-ABC (G46-
2.6) (all BD Biosciences Pharmingen, San Jose, CA, USA),
and human nuclei (235-1; Millipore).

Fluorescence staining was investigated using a con-
focal laser scanning fluorescence microscope (Laser
Scanning Confocal Imaging System MRC 1024; Bio-
Rad, Richmond, CA, USA). Cells that stained positive to
human (human nuclei or HLA-ABC) and keratinocyte
markers were counted as positive for bone marrow-
derived keratinocytes.

Statistical evaluation of results

Statistical analysis of differences in the means for each
experimental group was carried out using the Student
t-test, with significance set at P < 0.05.

Results

Human nuclei-positive and cytokeratin-positive cells are
derived from human haematopoietic stem cells

No cells stained positively with antibodies against
pankeratin, human CK5 or CK14, human transglutam-
inase I or human involucrin. Furthermore, culture of
hHSCs in RPMI medium for 5 days did not result in any
cells positive for any of these five antibodies. Spontane-
ous conversion of hHSCs to keratinocytes seldom
happened.

Next, we investigated whether coculture with kera-
tinocytes mediates hHSC differentiation into keratino-
cytes. Using a specific antibody against human nuclei,*>
we detected human nuclei+/cytokeratin+ cells (hNCs)
after coculture of hHSCs and Pam 212 cells for 5 days
(Fig. 1a). We also found human nuclei+/cytokeratin
14+ cells and human cytokeratin 5+ cells (Fig. 1b,c).
These hNCs expressed HLA-ABC as a human origin
marker (Fig. 1d). Furthermore, hNCs expressed human
transglutaminase 1 and involucrin as other specific
markers of keratinocytes (Fig. 1e). The number of hNCs
increased relative to the coculture time, from
0.03 £0.002% at 6h to 046+ 0.11% at 48 h
(Fig. 1f). However, coculture for 5 days did not intro-
duce any colonies of hHSCs or hNCs.

Human haematopoietic stem cells cultured with fixed
keratinocytes do not express keratinocyte markers

To determine whether the hNCs were generated
through cell fusion or true differentiation, we examined

© The Author(s)

whether multinucleate cells could result from cell
fusionh between HSCs and keratinocytes.'* Most hNCs
were microscopically uninucleate, and only 0.1% of
hNCs were binucleate, with human and nonhuman
(presumed mouse) nuclei (Fig. 2a). To exclude the
possibility of cell fusion at the initial transition of hHSCs
to keratinocytes, hHSCs were cultured with 0.5%
paraformaldehyde-fixed Pam 212 cells or NHEKs. It
was predicted that the fixed cells would stabilize the
cellular components, rendering the live hHSCs resistant
to fusion. This method has been shown to prevent
fusion of live cells with fixed cells, while not disrupting
receptor-mediated recognition and association of these
cell types.'® This procedure failed to convert hHSCs to
hNCs (Fig. 2b), suggesting that hHSCs seldom fuse
with keratinocytes, and that the cell-surface molecules
of keratinocytes do not induce hHSC differentiation into
keratinocytes.

Human haematopoietic stem cells cultured with
keratinocyte-conditioned media mediate their
differentiation into keratinocytes

To clarify the potential role of the secretory factors
released by keratinocytes, we treated hHSCs with the
keratinocyte-conditioned medium from Pam 212 cells
or NHEKSs; interestingly, both types of medium induced
hHSC conversion into keratinocytes (Fig. 2c). The
number of hNCs in 10* hHSCs after 48 h in culture
was 35 (0.35%) in NHEK-conditioned medium and 9
(0.09%) in Pam-212-conditioned medium (Table 1).
The greater number in NHEK-conditioned medium
compared with Pam-212-conditioned medium implies
an association with species-specific factors. However,
there were no significant differences between cultures
with NHEK-conditioned medium and those with Pam-
212-conditioned medium. Furthermore, 40 (0.40%)
hNCs were detected in culture with fixed NHEKs in
NHEK-conditioned medium, and 29 (0.29%) in culture
with fixed Pam 212 cells in Pam-212-conditioned
medium. Fixed keratinocytes seemed to accelerate the
conversion of hHSCs with keratinocyte-conditioned
medium, but the difference was not significant. In
addition, as a control of cell type for the conditioned
media, fibroblast-conditioned media never induced
hHSCs to convert into keratinocytes.

To explore any additional effects of keratinocyte
surface molecules on differentiation, we added blocking
antibodies against keratinocyte surface molecules dur-
ing culture. We chose human o6-integrin and human
N-cadherin as the surface molecules, as these molecules
are expressed on various stem cells, including epidermal
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Figure 1 Coculture of human haematopoietic stem cells (hHSCs) and a mouse keratinocyte cell line, Pam212. (a) Expression of human
nuclei (green) and cytokeratin (red) after 2 days in coculture, and cross-sectional analysis of the same cells (Z-axis). (b) Expression of
human nuclei (green) and human cytokeratin 14 (red) after 2 days in coculture. (c) Expression of human cytokeratin 5 (green) and nuclei
(propidium iodide staining, red) after 2 days in coculture. (d) Expression of human nuclei (green), human leucocyte antibody-ABC (red)
and cytokeratin (blue). (e) Left: expression of human transglutaminase I (green) with transmission after 2 days in coculture; right:
expression of involucrin (green) and human nuclei (red) with transmission after 2 days in coculture. (f) Percentages of hHSCs expressing

keratin after 6, 12, 24 and 48 h in culture. *P < 0.05 vs. 6 h.

stem cells, playing an important role in differentia-
tion.' 17 Blocking antibodies during coculture of hHSCs
and fixed NHEK with NHEK-conditioned medium did
not influence the keratinocyte conversion (data not
shown).

It is possible that the humoral induction of keratino-
cyte differentiation is mediated by a specific growth
factor such as KGF and IGF.'® However, we did not
observe hNCs with exposure of hHSCs to KGF or IGF,
which are secreted exclusively from keratinocytes (data
not shown). These findings suggest that soluble factors

other than KGF and IGF in keratinocyte supernatant
may mediate HSC differentiation.

Discussion

We have shown that hHSCs differentiate into kerati-
nocytes in the presence of factors secreted from
keratinocytes, without cell fusion. In this study, hHSCs
converted into keratinocytes when cocultured with
keratinocytes. By contrast, hHSCs cocultured with
fixed keratinocytes were found never to convert into

© The Author(s)
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Figure 2 Coculture of human haematopoietic stem cells (hHSCs) and Pam212 cells fixed with 0.5% paraformaldehyde, and culture of

hHSCs in conditioned medium of Pam 212 cells. (a) Expression of human nuclei (green), mouse nuclei (blue) and cytokeratin (red) after
2 days in coculture of hHSCs and fixed Pam212 cells, and analysis of the same cells by Z-axis or transmission. (b) Expression of human
leucocyte antibody-ABC (green) and cytokeratin (red). (c) Expression of cytokeratin (blue) and human nuclei (green) in culture of hHSCs

in the conditioned medium of Pam 212 cells.

Table 1 Frequency of cytokeratin-positive cells derived from hu-
man haematopoietic stem cells (hHSCs).

CK-positive
Treatment cells, n*
Coculture with Pam 212 cells 49
Coculture with fixed Pam 212 cells 0
Coculture with mouse fibroblasts 0
Culture in Pam 212 CM 9
Culture with fixed Pam 212 in Pam-212 CM 29
Culture in NHEK CM 35
Culture with fixed NHEKs in NHEK CM 40

CK, cytokeratin; CM, conditioned medium; NHEK, normal human
epidermal keratinocyte. *In 10% hHSCs.

© The Author(s)

keratinocytes, and hHSCs cultured with keratinocyte-
conditioned medium expressed keratinocyte-specific
markers. These data support the existence of fac-
tors secreted from keratinocytes or- the existence
of relatively paraformaldehyde-sensitive cell-surface
molecules that induce hHSCs to differentiate into
keratinocytes.

We did not observe differentiation after exposure of
hHSCs to the growth factors KGF or IGF, which suggests
that other soluble factors might mediate HSC differenti-
ation. Indeed, a previous report on hepatocyte differenti-
ation showed that the specific growth factors hepatocyte
growth factor and fibroblast growth factor 4 failed to
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mediate such conversion.’® Further investigation is
required to identify specific soluble factors that affect
differentiation of HSCs to keratinocytes.

Recently Mortier et al.'® succeeded in generating a
skin equivalent model from human cord-blood cells,
which contains heterogeneous cells including hHSCs
and MSCs. Although the origin of the induced kera-
tinocytes was not investigated, we propose that most of
these cells are mesenchyme-derived, as our observation
showed that purified hHSCs seldom convert to
keratinocytes.

Murine BMSCs can contribute to the regeneration of
injured adult tissues of various organs, including brain,
liver and heart tissue, after bone-marrow transplanta-
tion.' 2 These unexpected events were initially attrib-
uted to BMSC transdifferentiation, supporting the
emerging idea of extended plasticity of adult stem cells.
The alternative hypothesis of spontaneous cell fusion
has also been proposed as the primary cause of
unexpected cell-fate switches of BMSCs into various cell
lineages.?***

We found that the number of fused multinucleate
cells (which are unlikely to undergo further cell
division) in the skin was very low. Conversely, Fujino
et al.?®> reported the observation of fused functional
hepatocytes after hHSC injection into immunodeficient
mice. Taking these results into consideration, it is likely
that both cell fusion and conversion from HSCs play
some role in the repair of damaged tissue.

Previously, we reported that CTACK/CCL27
accelerates skin regeneration via accumulation of
BMDCs.” PFurthermore, bone-marrow transplantation
improves type XVII collagen-knockout epidermolysis
bullosa (EB) mice, in which the deficient type XVII
collagen, a cutaneous structure protein produced by
keratinocytes, was restored by BMSCs.® Because there
have been ethical and safety concerns in using
embryonic stem cells and induced pluripotent stem
cells, therapies using HSCs are thought to be safer.’*
In the near future, stem-cell therapies might be a
candidate for the treatment of severe EB, for which
there is no effective treatment other than palliative
care.”’

Conclusion

When exposed to skin tissue, hHSCs are capable of
taking on many characteristics of the skin cell types,
and this is mediated by the plasma environment rather
than by direct cell-cell interactions, including the
specific gene and/or protein expression and function
of the cells.
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