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differentiation [28]. This phenomenon might be related to the neuronal differentiation in response to the
intracellular delivery of TAT-VHL peptide. The epidermis is an easily accessible source. Recently, truly
pluripotent SSEA-3-positive MUSE cells were isolated from a skin fibroblast population by use of a cell
sorter [36]. Although the population of somatic stem cells derived from the epidermis might contain
MUSE cells, it may not be necessary to re-isolate MUSE cells from among such somatic stem cells since
those stem cells themselves can differentiate into cells of the epithelial lineage in various organs. The
neuronal differentiation method using TAT-VHL peptide is very simple because only the TAT-VHL
peptide needs to be added to basic medium lacking serum, and it is also rapid compared with previously
reported methods using various neurotrophic factors and other agents. Thus, we recommend the use of
TAT-VHL for the neuronal differentiation of multipotent somatic stem cells.

4. Experimental Section

4.1. Cell Culture

Samples of human skin were sterilized with 70% ethanol for 1 min. Then, the skin was treated with
dispase (concentration 1000 PU/mL) for 24 h at room temperature. Next, the epidermis was peeled off
from the dermis, cut into small fragments with scissors, and digested with 0.1% trypsin for 30 min
at 37 °C. Thereafter, the cells were filtered through a cell strainer (40-pm-diameter holes) and
subsequently cultured in medium containing epidermal growth factor (20 ng/mL), basic fibroblast
growth factor (40 ng/mL), and 2% B27 supplement (Gbico-BRL, Grand Island, NY, USA) in
DMEM/F12 (1:1; Gibco-BRL) in a 5% CO, incubator. The cells formed numerous spheres at 2—3 weeks
after the start of the primary culture. Once the primary culture was 3—4 weeks old, the spheres were
dissociated by pipetting; and the cells were subcultured every two weeks. For experiments, cells at the
first or second subculture were used.

4.2. Identification of Niche of Multipotent Nestin-Expressing Stem Cells Derived from
Human Epidermis

For identification of the niche of pluripotent sphere-forming stem cells derived from the epidermis, a
part of the cut skin, which had been fixed with Mildform (Wako, Tokyo, Japan), was embedded in
paraffin, sectioned at a 10-pm thickness, and immunostained with anti-nestin antibody (BD Bioscience
PharMingen, San Diego, CA, USA), anti-fibronectin antibody (Sigma, St. Louis, MO, USA), anti-CD34
antibody (Sigma) and anti-keratin 15 antibody (Acris Antibodies GmbH, Herford, Germany). As
secondary antibodies, FITC-conjugated anti-mouse IgG monoclonal antibody (Sigma) and
TRIC-conjugated anti-rabbit IgG polyclonal antibody were used. Finally, the nuclei were stained with
DAPI (Molecular Probes, Eugene, OR, USA). Observation was performed by using a confocal
fluorescence microscope (FV300, Olympus, Tokyo, Japan).

4.3. Immunocytochemical Characterization of Multipotent Stem Cells

After dissociation of the sphere-forming cells, characterization of the stem cells was performed
immunocytochemically by using anti-nestin antibody, rabbit anti-fibronectin antibody (1:200; Sigma),
anti-CD34 antibody, anti-NGFR p75 (Sigma), and anti-kerain 15 antibody (Acris Antibodies GmbH).
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For examination of stem cell differentiation into certain cell types, ant-glial fibrillary acidic protein
(GFAP) antibody (1:300; Dako, Glostrup, Denmark), anti-smooth muscle actin (SMA) antibody (1:200;
Sigma), and anti-microtubule-associated protein (MAP)-2 (1:300; Sigma) were used. Immunoreactive
cells were visualized by using either FITC-conjugated goat anti-mouse IgG (1:200; Sigma) or
rhodamine-conjugated goat anti-rabbit IgG (1:150; Sigma) as secondary antibodies. To assess the
frequency of different cell types in a given culture, we counted the number of cells immunopositive with
a given antibody in 10 to 15 random non-overlapping visual fields (50-200 cells per field) in each
experiment. At least three experiments were performed per condition. The degree of positivity was
expressed as the ratio of immuno-positive cells to the total number of nuclei stained with DAP1.

4.4. Sphere-Forming Assay

The sphere formation assay was performed as follows [28]: Sphere-forming stem cells were
dissociated into single cells by pipetting them continuously for 10 min. Then, after confirmation of their
single-cell status and dilution up to 5 cells/mL, 200 uL of the cell suspension was placed into each well
of a 96-well plate (mean of 1 cell per well). Then, spheres >50 um in diameter in 1 plate were counted
under observation by phase-contrast microscopy at 3 weeks after placement of the cells.

4.5. Induction of Neuronal Differentiation with TAT-VHL Peptide

By using the Fmoc (9-fluorenylmethyloxycarbonyl)-solid-phase method described previously [24],
we chemically synthesized a peptide corresponding to the 157-171 amino-acid sequence of pVHL. The
synthesized peptide was linked with the protein transduction domain (PTD) of the HIV-TAT protein
(TAT-VHL peptide), thereby facilitating peptide entry into the cells. A control peptide composed of
only the PTD of the TAT protein (TAT-peptide) was also synthesized. The sequences of these
synthesized peptides were NH,-YGRKKRRQRRRDTLKERCLQVVRSLVK-COOH for the TAT-VHL
peptide and NH,-YGRKKRRQRRRD-COOH for the TAT one. The isolated stem cells were incubated
in DMEM/F12, and 1 uM TAT-VHL peptide or TAT peptide was delivered into the dissociated stem
cells for neuronal differentiation. At first, an in vitro immunocytochemical study was performed. Three
days after intracellular delivery of the TAT-VHL peptide in DMEM/F12 medium without growth or
néurotrophic factors, the cells were observed under the phase-contrast microscope, and an
immunocytochemical study was performed by using the following antibodies: anti-MAP2 antibody
(1:200; Sigma), anti-tyrosine hydroxylase antibody (TH; 1:200; Merk Millipore, Billerica, MA, USA),
and anti-neurofilament 200 antibody (1:200; Sigma). Immunoreactive cells were visualized by using
either FITC-conjugated goat anti-mouse IgG (1:200; Sigma) or rhodamine-conjugated goat anti-rabbit
IgG (1:150; Sigma) as secondary antibodies. In addition, DAPI (Molecular Probes) was used for
counterstaining nuclei.

4.6. Implantation of Multipotent Stem Cells Derived from Epidermis

One hour after the TAT-VHL peptide had been transferred into the stem cells, the cells were stained
with red-fluorescent PKH26PCL (Sigma), and implanted into the brains of eight-week-old Wistar rats
(Charles River, Yokohama, Japan). Three weeks after the implantation, the rats were anesthetized with
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Nembutal (200 mg/kg body weight) and perfused with periodate-lysine-paraformaldehyde solution.
Their brains were subsequently dissected and postfixed in the same fixative for 2 h, cryopreserved in
30% sucrose for 12 h, and then embedded in Tissue Tek OCT compound (Sakura, Tokyo, Japan).
Cryostat coronal sections of 14-um thickness were prepared and used for immunohistochemistry. For
immunostaining, sections were incubated with primary antibody, i.e., anti-NeuN antibody (1:200; Merk
Millipore, Billerica, MA, USA) or anti-Tuj-1 antibody (1:200; R&D Systems, Minneapolis, MN, USA)
for 1 h at room temperature. Immunoreactive cells were visualized by using either FITC-conjugated goat
anti-mouse IgG (1:200; Sigma) or rhodamine-conjugated goat anti-rabbit IgG (1:150; Sigma) as
secondary antibodies. In addition, DAPI was used for counterstaining nuclei.

4.7. Statistics

Results were expressed as the mean + standard deviation. For comparisons between values for
groups, the Scheff test after the ANOVA test was used, with probabilities of less than 0.05 being
considered significant (Statcel version 5.0/7.0, California, CA, USA).

4.8. Ethical Approval

This study was approved by the Ethics Committee of Yokohama City University in 2009, and the
informed consent for this study was obtained from all of the patients.

5. Conclusions

In conclusion, we showed the isolation of multipotent nestin-expressing stem cells from the
epidermis of facial skin of elderly humans and characterized these cells as being capable of sphere
formation and strong expression of nestin, fibronectin, and CD34 but not of keratin 15. In addition, we
identified the niche of these stem cells as being the outer root sheath of hair follicles and showed
neuronal differentiation of these cells both in vitro and in vivo when VHL-peptide had been delivered
into them. These multipotent stem cells derived from human epidermis are easily accessible and should
be useful as donor cells for neuronal regenerative cell therapy.
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