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Wnt-10b promotes differentiation of skin epithelial cells in vitro
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Abstract

To evaluate the role of Wnt-10b in epithelial differentiation, we investigated the effects of Wnt-10b on adult mouse-derived primary
skin epithelial cells (MPSEC). Recombinant Wnt-10b protein (rWnt-10b) was prepared using a gene engineering technique and MPSEC
were cultured in its presence, which resulted in morphological changes from cuboidal to spindle-shaped and inhibited their proliferation.
Further, involvement of the canonical Wnt signal pathway was also observed. MPSEC treated with rWnt-10b showed characteristics of
the hair shaft and inner root sheath of the hair follicle, in results of Ayoub Shklar staining and immunocytochemistry. Further, the cells
expressed mRNA for differentiated epithelial cells, including keratin 1, keratin 2, loricrin, mHa5, and mHb5, in association with a
decreased expression of the basal cell marker keratin 5. These results suggest that Wnt-10b promotes the differentiation of MPSEC.

© 2006 Elsevier Inc. All rights reserved.
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Wnt proteins are secreted, lipid-modified glycoproteins
that activate cell-surface receptor-mediated signal trans-
duction pathways to regulate a variety of cellular activities,
including cell fate determination, proliferation, migration,
polarity, and gene expression [1-3]. Thes proteins are heav-
ily involved in morphogenesis during embryogenesis, as
well as in the regeneration of various adult tissues including
skin and hair follicles [4-6]. The binding of Wnt proteins to
their receptors, frizzled (FZ) proteins, and low-density lipo-
protein receptor-related protein (LRP) family members,
results in activation of a conserved ‘“‘canonical” signaling
pathway [2]. Cytoplasmic B-catenin is known to translocate
to the nucleus and forms active transcription complexes
with members of the T cell factor/lymphoid enhancer fac-
tor (TCF/LEF) family [7,8]. By controlling the complex
formation with TCF/LEF transcription factors, Wnt pro-
teins play fundamental roles in various cells and tissues.

Mouse Wnt-10b was initially isolated from lymphoid tis-
sue and suggested to be involved in lymphoid development
[9-11]. Thereafter, it was shown to play various roles in a
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wide range of biological actions, such as adipogenesis
[12], bone formation [13,14], tumor development [15], and
axis determination [16]. However, few studies have been
conducted concerning the role of Wnt-10b with the differ-
entiation of skin epithelial cells and development of hair
follicles. In an extensive study of gene expression by the
Wnt family in skin tissue, Wnt-10b was found to be
expressed in developing hair follicles, with the earliest
and most marked localization in placodes [17], which sug-
gested Wnt-10b as a candidate to promote the differentia-
tion of skin epithelial cells and development of hair
follicles.

To demonstrate the in vitro effects of Wnt-10b on the
differentiation of skin epithelial cells, we isolated mouse-de-
rived primary skin epithelial cells (MPSEC) from adult
mouse skin tissue and cultured them in the presence of
recombinant Wnt-10b (rWnt-10b). Since Wnt-10b protein
is not commercially available, we prepared rWnt-10b using
a gene engineering technique. The presence of rWnt-10b in
the culture caused morphological changes in cultured
MPSEC, inhibited their proliferation, and led to activation
of the canonical Wnt signal pathway. MPSEC treated with
rWnt-10b showed characteristics of the hair shaft and inner
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root sheath of the hair follicle, as seen in the results of
Ayoub Shklar (AS) staining, which was used to detect epi-
thelial cells undergoing differentiation and immunocyto-
chemistry.  Further, they expresssd mRNA for
differentiated epithelial cells, including keratin 1, keratin
2, loricrin, mHa5, and mHbS5, in association with decreased
expression of the basal cell marker keratin 5.

Our results suggest that Wnt-10b promotes the differen-
tiation of MPSEC. Considering that the expression of
Wnt-10b in hair follicles is very limited to the earliest pla-
codes [17], Wnt-10b may play an important role with the
differentiation of epithelial cells in the hair follicle, especial-
ly in initiating their differentiation.

Materials and methods

Mice. Inbred female C3H/HeN mice were purchased from Japan SLC
(Hamamatsu, Japan) and used at the age of 7-10 weeks. They were housed
in group cages at the animal facilities of Nara Medical University.

Cell preparation and culture conditions. Adult MPSEC were isolated
from dorsal skin areas, as reported previously [18]. Briefly, the isolated
skin samples were washed several times with phosphate-buffered saline
(PBS) and incubated overnight at 4 °C in 0.25% trypsin. Detachment of
the dermis from the epidermis was performed gently using forceps, after
which cells were scrubbed from the epidermis-facing surface of the dermis
using the belly of the forceps and used as MPSEC. The MPSEC thus
obtained were suspended in Epilife™ serum-free culture medium
(KURABO, Osaka, Japan) and plated in 96-well plates coated with col-
lagen type I (Nippon Ham, Tsukuba, Japan), and kept in a humidified
atmosphere containing 5% CO, at 37 °C. The culture medium was chan-
ged every 2 days. In addition, mouse pre-adipocyte 3T3-L1 and COS-7
cells were purchased from the Japanese Collection of Research Biore-
sources (Tsukuba, Japan) and cultured in DMEM containing 10% FBS.

Construction of Wnt-10b expression vector and production of stable
transfectants. Mouse Wnt-10b cDNA, a kind gift from Dr. T.F. Lane
(Harvard Medical School), was subcloned into pCAGIRESzeocinpA
(kindly provided by Dr. H. Niwa, Center for Developmental Biology,
Kobe, Japan) to create the plasmid pCAGIRESzeocinpA-wnt10b, which
contained the Zeocin resistance gene driven by the CAG promoter. COS-7
was transfected with the plasmid using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA) and stable transfectants were selected in medium con-
taining 400 pg/ml of Zeocin (Invitrogen), then analyzed by immunoblot-
ting and immunohistochemistry. Cell lysates and supernatants
concentrated using Vivapore 10/20 (Sartorius AG, Goettingen, Germany)
were prepared as samples, which were then run on 10% SDS-PAGE and
blotted onto a PVDF membrane. The blots were blocked with 5% non-fat
dried milk in PBS containing 0.1% Tween 20 (TPBS) and then incubated
with goat anti-mouse Wnt-10b (C-19) polyclonal antibody (diluted 1:200;
Santa Cruz Biotech. CA) overnight at 4 °C, followed by horseradish
peroxidase-conjugated anti-goat IgG (diluted 1:2000, Zymed Lab., CA)
for 2 h. After washing, the blots were detected by the addition of True
Blue™ (KPL, Gaithersburg, MD) as a substrate solution. The clone that

Table 1
List of gene-specific primers

produced Wnt-10b protein most abundantly was selected and named
Wnt-COS, and then the supernatants of Wnt-COS cells cultured in Epilife
serum-free medium were used as rWnt-10b for the differentiation of
MPSEC.

For immunocytology, cells were plated and cultured on Lab-Tek
Chamber Slides (Nunc, Rochester, NY), then fixed with 4% paraformal-
dehyde at 4 °C for 30 min and permeabilized in methanol at —20 °C for
5 min. The chamber slides were then exposed to the primary anti-Wnt-10b
antibody, followed by a secondary antibody (Alexa 488 rabbit anti-goat
1gG, diluted 1:200, Molecular Probes, Oregon). Fluorescence was exam-
ined under a Zeiss Axiovert 200 microscope.

Adipogenetic differentiation. 3T3-L1 cells (2.5 x 10° cells/ml) were
seeded in a 24-well plate. On day 8, lipid inducers (5 pg/ml insulin, 1 pM
dexamethasone, and 0.25 mM isobutylmethylxanthine) were added to the
culture. After 2 days, the cell culture medium was removed and replaced
with medium with or without rWnt-10b. On day 6, fat accumulation was
visualized by staining the lipids with Oil Red O and the amount of stain
incorporated into the cells was determined quantitatively by measuring
optical density (OD) at 540 nm after dissolving with 2-propanol.

Demonstration of canonical Wnt signaling pathway. Involvement of the
canonical Wnt signaling pathway was examined by reporter assays and
immunocytochemistry. Two reporter plasmids, pTOPFLASH, carrying
the TCF-binding consensus sequence followed by the luciferase gene, and
pFOPFLASH, carrying the dominant-negative TCF-binding sequence
instead of the wild-type sequence in pTOPFLASH, were kindly supplied
by Dr. B. Vogelstein [19]. MPSEC were transfected with the reporter
plasmids, and 4 h later the cell culture medium was removed and replaced
with medium with or without rWnt-10b. After 48 h of incubation in the
medium, the cells were lysed and luciferase activity was quantified using a
luciferase reporter assay kit (Clontech, Worcester, MA), as recommended
by the manufacturer, and normalized using fB-gal levels as an internal
control.

Translocation of B-catenin was immunocytochemically detected in
MPSEC cultured in Wnt-COS supernatant for 48 h. MPSEC were fixed
with cold acetic acid-methanol and blocked with HISTOMOUSE™
blocking solution (Zymed Lab.). The cells were treated with rabbit anti--
catenin antibody (diluted 1:200, Santa Cruz Biotech.) at room temperature
for 1 h, then washed three times with TPBS and treated with the secondary
antibody Alexa 488 (anti- rabbit IgG, diluted 1:200, Molecular Probes).

RT-PCR. Total RNA was purified using Trizol (Invitrogen) following
the protocol of the manufacturer. One microgram of DNase-treated total
RNA was used for the first-strand cDNA. This reaction was performed
using a random primer (Invitrogen) and M-MLV reverse transcriptase
(Promega, Madison, WI). For PCR analysis, 0.5 ug of cDNA was used as
a template and amplification was performed using the primer sequences
shown in Table 1. The general PCR conditions were 25-30 cycles of 94 °C
for 2 min, 94 °C for 30 s, 52-62 °C for 30 s, and 72 °C for 1 min. The PCR
products were run on 1.5% agarose gels.

Determination of differentiated MPSEC by Ayoub Shklar (AS) staining
and immunohistochemistry. As an assessment of epidermal differentiation,
we employed Ayoub Shklar (AS) staining. This method has been reported
to be a quick and reliable histological means to determine the progression
of epidermal differentiation and hair follicle formation [20]. In the present
study, MPSEC were cultured with or without medium containing
rWnt-10b in a 24-well plate for 5 days. The plate was rinsed with PBS and

Genes Forward primer sequence Reverse primer sequence Size of product (bp) GenBank Accession No.
Keratin 5 tgggacaggaagagaggtgatc accaaaaccaaatccactgecg 497 AF306785

Keratin 1 gagattttcaggaggaggcttc ttcatcctcgtacttggtectg 700 NM_008473

Keratin 2 ggttgcatctctagetecat gtactcttggttctgtctctee 915 NM_010665

Loricrin tcaccagaaaaagcagccca tggcactgatactgttggga 813 M34398

mHa$5 gaggttggtttggagaaggcat cataccagtcttcagcatcect 611 AF020790

mHb5 atcaccaccgtctctgtcaatg cgtaagtaggcacagtccacat 431 AF021836

Gapdh accacagtccatgecatcac tccaccaccetgttgetgta 452 NM_008084
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fixed with 10% formalin for 30 min at room temperature, then rinsed again
with PBS and stained with an acid fuchsin solution for 3 min. The acid
fuchsin solution was removed and incubation continued with an Aniline
Blue-Orange G solution for 45 min, after which the solution was removed
and the cells were washed several times with 95% ethanol. The stained cells
in 95% ethanol were then photographed.

For immunostaining with AE13 and AELS (kindly provided by Dr.
T.T. Sun), which are known to recognize the hair shaft and IRS, respec-
tively, in mouse hair follicle tissue [21,22], MPSEC were fixed with cold
acetic acid-methanol and blocked with HISTOMOUSE™ blocking solu-
tion (Zymed Lab.). The cells were then treated with the mouse monoclonal
antibodies at room temperature for 1 h, after which they were washed
three times with TPBS and treated with the secondary antibody Alexa 594
(anti-mouse 1gG, diluted 1:200, Molecular Probes).

Cell proliferation assay. MPSEC were plated at a density of 50 cells
per well in flat-bottom 96-well plates and cultured with or without rWnt-
10b. After 5 days, the culture plates were used for cell proliferation
assays with a CyQUANT® Cell Proliferation Assay Kit (Molecular
Probes).

Wt-COS

Mock-COS

Statistical analysis. Data are expressed as means + SD of five indepen-
dent experiments. Statistical significance was tested using Student’s 7 test.

Results
Establishment of bioactive Wnt-10b-producing cells

Wnt-10b protein is not commercially available at the
present time. In order to obtain Wnt-10b protein, we first
constructed a plasmid carrying the Wnt-10b cDNA gene
and introduced it into COS-7 cells. Among 12 clones select-
ed by Zeocin, those producing rWnt-10b were screened by a
Western blotting assay. The clone that produced rWnt-10b
protein most abundantly was selected, named Wnt-COS,
and used for the following experiments. As shown in
Fig. 1A, rWnt-10b protein was immunocytochemically
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Fig. 1. Establishment of bioactive Wnt-10b-producing cells. (A) Immunofluorescent analysis. Wnt-10b-immunopositivity was found in the cytoplasm of
the Wnt-COS clones. Scale bar = 10 um. (B,C) Western blotting analyses of cell lysates (B) and concentrated supernatants (C). Wt-COS, non-transfected;
Mock-COS, transfected with vector alone; Wnt-COS, transfected with Wnt-10b expression vector. Wnt-10b was detected as three bands in the total
cellular extracts, while one band was detected in the concentrated supernatant from Wnt-COS cells. (D,E) Adipogenesis in 3T3-L1 cells. Lipid
accumulation was visualized by Oil Red O staining. The lipid inducers insulin (5 pg/ml), dexamethasone (1 puM), and isobutylmethylxanthine (0.25 mM)
induced lipid accumulation in 3T3-L1 cells, while the addition of Wnt-COS supernatant inhibited lipid accumulation in a dose-dependent manner.

Scale bar =20 pum (D). Oil Red O, incorporated intracellularly, was dissolved by 2-propanol and determined quantitatively at 540 nm.

##p < 0.0001 (E).

%p < 0.005;
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demonstrated in Wnt-COS cells (Wnt-COS), but not in the
parental COS cells (Wt-COS) or in COS cells transfected
with the plasmid vector alone (Mock-COS). Strong intracel-
lular immuno-positive signals were found in the cytoplasm
of Wnt-COS cells. In accordance with our immunocytolog-
ical results, rWnt-10b was also detected in total cellular
extracts in 3 bands by Western blotting only from Wnt-
COS cells (Fig. 1B). Further, the supernatant from the cul-
ture of Wnt-COS cells contained secreted rWnt-10b, which
was demonstrated as a single band (Fig. 1C). We considered
that the size differences between the Wnt-10b proteins from
the cellular extract and supernatant were due to different
levels of glycosylation.

Next, we examined whether the rWnt-10b produced by
Wnt-COS cells was functionally active using a preadipo-
cyte cell line (3T3-L1). It is well known that Wnt-10b inhib-
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its the differentiation of preadipocytes into lipid-carrying
adipocytes [12,13,23,24]. 3T3-L1 cells were treated with
adipocyte inducers for 2 days, then subjected to a 4-day
culture in the absence or presence of Wnt-COS supernatant
samples at various ratios (Fig. 1D). A distinct accumula-
tion of intracellular lipid droplets, as shown by Oil Red
O staining, was found in the 3T3-L1 cells cultured without
Wnt-COS supernatant (Fig. 1D, 0%). However, the addi-
tion of Wnt-COS supernatant inhibited the accumulation
of lipid droplets in 3T3-L1 cells in a dose-dependent man-
ner. This dose-dependent inhibitory effect by Wnt-COS
supernatant on lipid accumulation was quantitatively con-
firmed by measuring the absorbance of the eluted lipids
(Fig. 1E). Supernatants from the cultures of Wt-COS and
Mock-COS cells showed no inhibitory effects on lipid
accumulation.
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Fig. 2. Effects of rtWnt-10b on MPSEC and involvement of canonical Wnt signaling pathway. (A) MPSEC were cultured in supernatants from Mock-COS
cells (Mock-COS), Wnt-COS cells (Wnt-COS), or normal culture medium (No sup). Those in medium with Mock-COS supernatant or without supernatant
presented cuboid or polygonal shapes and were tightly assembled. In medium with Wnt-COS supernatant, MPSEC were distributed diffusely and most were
spindle-shaped. Scale bar = 20 um. (B) The proliferation of MPSEC was assessed using a proliferation kit. Cell growth in Wnt-COS supernatant was
significantly suppressed, as compared to culturing with Mock-COS supernatant or in normal culture medium. *p < 0.005. (C) Involvement of the canonical
Wnt signaling pathway in MPSEC was assessed using TCF-reporter plasmids. MPSEC were transiently transfected with either pTOPFLASH or
pFOPFLASH, and then cultured in Mock-COS culture supernatant (Mock-COS), Wnt-COS culture supernatant (Wnt-COS), or normal culture medium
(No sup). *p <0.001. (D) B-Catenin localization was determined immunocytochemically. Cells were immunostained with anti-B-catenin antibody (green,
upper). Nuclei were stained with DAPI (blue, lower). The photographs shown were taken at the same position. Immunopositivity against B-catenin was
faintly observed throughout the entire cytoplasm in MPSEC cultured with Mock-COS supernatant (Mock-COS) or in normal culture medium (No sup),
while it was strongly detected in the nuclei of MPSEC cultured with Wnt-COS supernatant (Wnt-COS). Scale bar = 10 pm.
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Fig. 3. Ayoub Shklar (AS) staining of mouse follicle tissue and MPSEC. (A) AS staining was performed using mouse dorsal skin and vibrissae tissue
samples. The hair shaft and inner root sheath (IRS) were stained reddish brown. (B) AS staining was performed in MPSEC cultured in supernatant from
Mock-COS cells (Mock-COS), supernatant from Wnt-COS cells (Wnt-COS), or normal culture medium (No sup). Those cultured in Wnt-COS
supernatant were stained reddish brown, while those in Mock-COS supernatant or without supernatant remained unstained. Scale bar = 20 pum.
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Effects of rWnt-10b on the proliferation of MPSEC

MPSEC, plated at a density of 50 cells per well in flat-
bottom 96-well plates, were cultured for 5 days in the pres-
ence or absence of COS culture supernatants (Figs. 2A and
B). MPSEC cultured in Mock-COS supernatant (Mock-
COS) or in medium alone (No sup) presented distinctly
cuboid or polygonal shapes and were assembled tightly
(Fig. 2A). However, MPSEC cultured in Wnt-COS super-
natant (Wnt-COS) presented a quite different morphology,
as they became spindle-shaped and were distributed dif-
fusely. The number of MPSEC cultured in Wnt-COS
supernatant after 5 days was low as compared to the num-
ber of cells cultured in Mock-COS supernatant or medium
alone. Further, suppression of cell proliferation by
Wnt-COS supernatant was also demonstrated by a cell pro-
liferation assay (Fig. 2B).

Involvement of canonical Wnt signaling pathway

Next, we examined whether the canonical Wnt signaling
pathway was activated in MPSEC after exposure to
Wnt-COS supernatant. For this purpose, 2 reporter plas-
mids, pTOPFLASH and pFOPFLASH [19], were tran-
siently transfected into MPSEC. As shown in Fig. 2C, a
high level of pTOPFLASH activity was induced by the
Wnt-COS-supernatant, whereas pFOPFLASH activity
was not changed, suggesting that Wnt-10b in the
Wnt-COS supernatant induced transcriptional activity
from the TCF-responsive promoter through the B-cate-
nin/TCF complex in MPSEC. Activation of the canonical
pathway was further confirmed by investigating the intra-
cellular localization of B-catenin (Fig. 2D). The transloca-
tion of PB-catenin into nuclei was observed in MPSEC
cultured in Wnt-COS supernatant, whereas B-catenin exist-
ed mostly in the cytoplasm in MPSEC cultured in Mock-
COS supernatant or medium alone.

Differentiation of MPSEC promoted by rWnt-10b

We considered that the changes in cell shape and cell
number caused by Wnt-COS supernatant were associated
with the differentiation of MPSEC. To evaluate the differ-
entiation of MPSEC caused by rWnt-10b, AS staining
was applied to the cultured MPSEC, as this method has
been reported to be a quick and reliable method for deter-
mining the progression of epidermal differentiation and hair
follicle formation [20]. According to those reports, differen-
tiated epidermal cells are stained red and undifferentiated

epidermal cells are stained blue. Before employing this
staining method for MPSEC, we utilized it with mouse dor-
sal skin and vibrissae tissue samples (Fig. 3A), and found
that the hair shaft and inner root sheath (IRS) were stained
reddish brown. MPSEC cultured in Mock-COS superna-
tant (Mock-COS) or medium alone (No sup) were stained
blue, whereas those cultured in Wnt-COS supernatant
became reddish brown (Fig. 3B), suggesting that
rWnt-10b induced the differentiation of MPSEC.

We performed an immunocytological study of cultured
MPSEC as well as vibrissae tissue using the monoclonal
antibodies AE13 and AE1S5, which are known to recognize
the hair shaft and IRS in mouse hair follicle tissue, respec-
tively [21,22], as we confirmed (Fig. 4A). MPSEC cultured
in Wnt-COS supernatant were stained weakly with AE13
and strongly with AE15 (Fig. 4B). However, no staining
was observed in MPSEC cultured in Mock-COS superna-
tant or medium alone. These results indicate that the
MPSEC had differentiated into hair shaft- and IRS-like
cells.

Gene expression analysis by RT-PCR

To confirm the differentiation of MPSEC by rWnt-10b
from the aspect of gene expression, we performed an
RT-PCR analysis. keratin 5 was selected as a basal cell
marker, while keratin 1 (spinous cells), keratin 2 (granular
cells), loricrin (granular cells), and mHa5 and mHb5 (cor-
tex) were used as differentiation markers of epithelial cells.
MPSEC cultured in Mock-COS supernatant or medium
alone distinctly expressed keratin 5. However, keratin 5
expression nearly disappeared in MPSEC cultured in
Wnt-COS supernatant (Fig. 5), while the markers of differ-
entiated epithelial cells (keratin 1, keratin 2, loricrin, mHas$,
and mHbS5), all of which were absent in MPSEC cultured in
Mock-COS supernatant or medium alone, were detected in
the cells cultured in Wnt-COS supernatant.

Discussion

Information regarding Wnt proteins is rapidly accumu-
lating, however, little is known about the biological roles
of Wnt-10b in skin. It was recently reported that the expres-
sion of Wnt-10b was upregulated in placodes at the onset of
follicle morphogenesis and in postnatal hair follicles begin-
ning a new cycle of hair growth [17], suggesting that the pro-
tein may have an important role in the initiation of hair
follicle development. In the present study, we prepared
recombinant Wnt-10b (rWnt-10b) using a gene transfer

<

Fig. 4. Immunocytological study of mouse follicle tissue and MPSEC. (A) An immunocytological study of mouse vibrissae tissue was performed
using the monoclonal antibodies AE13 and AE15, which recognized the hair shaft and IRS, respectively, in mouse hair follicle tissue. DP, dermal
papilla; asterisks, hair shafts in cross-section. (B) An immunocytological study of MPSEC cultured in supernatant from Mock-COS cells (Mock-
COS), supernatant from Wnt-COS cells (Wnt-COS), or normal culture medium (No sup) was performed. MPSEC cultured in Wnt-COS
supernatant were stained with the marker for hair follicle-specific antibodies (AE13 and AELS), while those cultured in Mock-COS supernatant or

without supernatant remained unstained. Scale bar =20 um.
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Fig. 5. Gene expression analysis by RT-PCR The expression of hair
follicle differentiation-related markers in MPSEC was examined by
RT-PCR. Keratin 5 mRNA expression was decreased in MPSEC cultured
in Wnt-COS supernatant, while markers of differentiated epithelial cells
(keratin 1, keratin 2, loricrin, mHa5, and mHb5) were detected. RT (—):
mRNA samples not reverse transcribed.

technique to evaluate the role of Wnt-10b with epithelial dif-
ferentiation, as analyses of the biological function of Wnt-
10b have not been vigorously conducted in vitro, partly
due to the lack of commercially available Wnt-10b protein.
We successfully obtained COS cell lines secreting bioactive
Wnt-10b and used the culture supernatant in our experiments.

It is well known that hair follicles contain 2 types of
cells, dermal papilla cells, and epithelial cells of the root
sheath and hair shaft [25]. The former are derived from
the mesenchyme, while the latter come from the surface
epithelium, with the hair follicle formed through reciprocal
inductive interactions between them [26]. We utilized
mouse-derived primary skin epithelial cells (MPSEC) as a
substitute for undifferentiated skin epithelial cells, as they
have been used as a model of keratinocyte differentiation,
and were indeed immunopositive for the basal cell marker
keratin 5 (data not shown) and also expressed keratin 5
mRNA in the present experiments. Therefore, we conclud-
ed that these cells retain an ability to differentiate into in
hair follicle epithelial cells.

We cultured MPSEC in the presence of rWnt-10b and
examined the effects on their growth and differentiation.
The cuboidal cell shape of undifferentiated MPSEC was
gradually changed to spindle-shaped after exposure to
rWnt-10b and cell proliferation was suppressed in a dose-
dependent manner. Further, MPSEC treated with
rWnt-10b were colored reddish brown following AS stain-
ing, and became immunopositive for AEI3 and AEIlS,

which suggested differentiation. Red coloring following
AS staining is accepted as one of the indicators of differen-
tiated skin epithelial cells [20], and AE13- and AE15-immu-
nopositivity results have also been reported in hair shaft
and IRS tissues, respectively [21,22]. In the present experi-
ments as well, the hair shaft and IRS were stained reddish
brown by AS, and were immunopositive for AE13 and
AE15, respectively. These results suggest that rWnt-10b
promoted MPSEC to differentiate into hair shaft and
IRS. Further, gene expression analysis revealed that
rWnt-10b-treated MPSEC expressed the mRNA of keratin
1, keratin 2, loricrin, mHa5, and mHb5 in association with a
decrease in keratin 5 expression, suggesting keratinocyte
differentiation as well as differentiation into hair shaft tis-
sues. Taken together, our results demonstrate that rWnt-
10b promoted the differentiation of MPSEC.

We observed the involvement of the Wnt-canonical
pathway in MPSEC treated with rWnt-10b, using a report-
er assay with pTOPFLASH and an immunocytochemical
demonstration of translocation of B-catenin into the nuclei.
Although the mechanisms by which rWnt-10b promoted
the differentiation of MPSEC remains unknown, we specu-
lated that the Wnt-canonical pathway activated by
rWnt-10b and the following modification of transcription
via TCF/LEF complex are important for initiating differ-
entiation of MPSEC.
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