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SERUM-FREE MEDIUM CONTAINING PDGF FOR DS CELLS

Technical Field

[0001]

The present invention relates to a serum—-free medium
for culturing of DS cells, comprising platelet-derived
growth factor (PDGF), and to a method for culturing of
dermal sheath (DS) cells, using serum—-free medium
comprising PDGF.

Background Art
[0002]

Hair is considered very important for aesthetic

outer appearance. Therefore, alopecia or hair loss due
to congenital or acquired causes can be seriously
distressing for individuals. Particularly in modern
society, which has been referred to as an "aging society"”
or "stress society", there is increasing risk of alopecia
of head hair due to a variety of acqguired causes. Many
attempts have been made in response to this situation, to
provide cosmetic or medical methods for safely and
effectively regenerating hair follicles in individuals
suffering from alopecia or hair loss.

[0003]

Hair follicles are exceptional organs that repeat
self-regeneration in the mature body essentially
throughout the entire lifetime. Elucidating the
mechanism of this self-regeneration is expected to lead
to highly demanded clinical applications, such as
alopecia treatment by transplantation of tissue or cells,
or construction of near—-natural, highly functional skin
sheets that include hair follicles and sebaceous glands.
In recent years, with increasing interest in stem cell
research and the rapid progress in research on follicular
epithelial stem cells (epithelial cells), a greater
understanding has been reached in regard to the

properties of hair papilla cells, as hair follicle-
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specific mesenchymal cells. Hair papilla cells perform
the role of "control towers", that is, of sending
activation signals to follicular epithelial stem cells
for self-regeneration of hair follicles, and have been
found to be essential cells, together with follicular
epithelial stem cells, in the hair follicle
reconstitution evaluation system (Kishimoto et al., Proc.
Natl. Acad. Sci. USA (1999), Vol. 96, pp. 7336-7341; NPL
1).

[0004]

Hair papilla (or dermal papilla, DP) and the dermal
sheath (DS) surrounding hair follicles, are both composed
of mesenchymal cell groups, unlike the epithelial cells
forming the major portions of the hair follicles.
Recently there have been many reports of new findings
suggesting the importance of DS cells in hair follicle
formation. It has been reported that in hair bulb-
cutting hair follicle transplant experiments with hair
papilla rat whiskers, DP cells are regenerated from DS
cells, and that in mice, hair follicle regeneration is
induced by transplanting DS cells from hair follicles
that have been cut at the lower half. Also, Jahoda et
al. (Development.1992 Apr:114(4): 887-97; NPL 2) have
reported that reconstruction of hair follicles can be
induced by transplanting DS cells in humans (Horne KA and
Jahoda CA.Development.1992 Nov:116(3): 563-71; NPL 3).
Further, the group of Tobin, Paus et al. has reported
that in the mouse hair cycle, cell migration takes place
between DS cells and DP cells, and that proliferation of
DS cells begins before DP cells, whose proliferation
begins in the hair growth cycle (Tobin DJ et al., J.
Invest. Dermatol., 120:895-904, 2003; NPL 4).

[0005]

Thus, while it is highly possible that DS cells play
an important role in hair follicle formation, the action
mechanism has not yet been fully elucidated. It is

necessary to obtain large amounts of DS cells in order to
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shed light on the action mechanism for hair follicle
formation, but because of the small number of cells that
can be harvested from biological tissue, it becomes
necessary to accomplish efficient growth by in vitro
culturing of the cells. For culturing of DS cells it is
common to use serum—added medium that promotes cell
growth and binding to the culture vessel, but since
antigenic variation and pathogenic contamination can
potentially occur under such conditions, and variation
may arise in the experimental results due to
unidentifiable trace components in the serum, it is
unsuitable for clinical applications for regenerative
medicine or for drug development or toxicity test
applications.

[0006]

With the increasing interest in regenerative
medicine in recent years, culturing methods and culturing
media have been developed for mesenchymal stem cells (see
Japanese Unexamined Patent Publication No. 2006-311814;
PTL 1, Japanese Unexamined Patent Publication No. 2006-
325445; PTL 2, and Japanese Unexamined Patent Publication
No. 2005-151237; PTL 3, for example), but a serum-free
medium containing platelet-derived growth factor (PDGF)
for culturing of DS cells remains yet unknown.
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DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0009]

It is an object of the present invention to provide
a serum-free medium suitable for culturing of DS cells.
Means for Solving the Problems
[0010]

The present inventors have acquired the surprising

knowledge that it is possible to significantly grow DS
cells by culturing in serum-free medium containing added
PDGF, and particularly PDGF-BB.

[0011]

The present invention therefore encompasses the
following.

[1] A serum—-free medium for culturing of dermal
sheath (DS) cells, comprising platelet-derived growth
factor (PDGF).

[2] The serum-free medium according to [1l], wherein
the PDGF is PDGF-BB.

[3] The serum-free medium according to [1] or [2],
wherein the dermal sheath (DS) cells are derived from the
dermal sheath cup (DSC) region.

[4] A method for culturing dermal sheath (DS) cells,
using a serum-free medium comprising platelet-derived
growth factor (PDGF).

[5] The method according to [4], wherein the PDGF is
PDGF-BB.
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[6] The method according to [4] or [5], wherein the
dermal sheath (DS) cells are derived from the dermal
sheath cup (DSC) region.

Effect of the Invention
[0012]

The serum-free medium of the invention allows

efficient culturing of DS cells suitable for clinical
applications in regenerative medicine or applications for
drug development or toxicity testing.

Brief Description of the Drawings

[0013]
Fig. 1 is a photomicrograph of human DS cells

cultured using 1) HFDM-1(-) medium, 2) HFDM-1(+4+) medium,
3) PDGF-AA (10 ng/ml)-dissolved HFDM-1(-) medium and 4)
PDGF-BB (10 ng/ml)-dissolved HFDM-1(-) medium, as serum-

free media, on days 2 and 10.

Fig. 2 is a graph showing changes in cell counts of
human DS cells cultured using 1) HFDM-1(-) medium, 2)
HFDM-1 (+) medium, 3) PDGF-AA (10 ng/ml)-dissolved HFDM-
1(-) medium and 4) PDGF-BB (10 ng/ml)-dissolved HFDM-1(-)
medium, as serum-free media (days 2, 5 and 10).

Fig. 3 is a photomicrograph of human DS cells
cultured using 1) StemProSFM CTS (sup+, Life
Technologies), 2) PDGF-BB (10 ng/ml)-dissolved StemProSFM
CTS (sup+, Life Technologies), 3) Mosaic hMSC SF Culture
Medium (sup+, BD) and 4) PDGF-BB (10 ng/ml)-dissolved
Mosaic hMSC SF Culture Medium (sup+, BD), as serum-free
medium, on days 2 and 7.

Fig. 4 is a graph showing changes in cell counts of
human DS cells cultured using 1) StemProSFM CTS (sup+,
Life Technologies), 2) PDGF-BB (10 ng/ml)-dissolved
StemProSFM CTS (sup+, Life Technologies), 3) Mosaic hMSC
SF Culture Medium (sup+, BD) and 4) PDGF-BB (10 ng/ml)-
dissolved Mosaic hMSC SF Culture Medium (sup+, BD), as
serum-free media (days 2 and 7).

Fig. 5 is a photomicrograph of human DS cells
cultured using 1) HFDM-1(-) medium, 2) HFDM-1(+4+) medium,
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3) PDGF-AA (10 ng/ml)-dissolved HFDM-1(-) medium and 4)
PDGF-BB (10 ng/ml)-dissolved HFDM-1(-) medium, as serum-
free media, on days 2 and 7.

Fig. 6 is a graph showing changes in cell counts of
human DS cells cultured using 1) HFDM-1(-) medium, 2)
HFDM-1 (+) medium, 3) PDGF-AA (10 ng/ml)-dissolved HFDM-
1(-) medium and 4) PDGF-BB (10 ng/ml)-dissolved HFDM-1(-)
medium, as serum-free media (days 2, 4 and 7).

Fig. 7 is a photomicrograph of human DS cells
cultured using 1) StemProSFM CTS (sup-, Life
Technologies), 2) PDGF-BB (10 ng/ml)-dissolved StemProSFM
CTS (sup—-, Life Technologies), 3) StemProSFM CTS (sup+,
Life Technologies) and 4) PDGF-BB (10 ng/ml)-dissolved
StemProSFM CTS (sup+, Life Technologies), as serum-free
media, on days 2 and 7.

Fig. 8 is a graph showing changes in cell counts of
human DS cells cultured using 1) StemProSFM CTS (sup-,
Life Technologies), 2) PDGF-BB (10 ng/ml)-dissolved
StemProSFM CTS (sup—-, Life Technologies), 3) StemProSFM
CTS (sup+, Life Technologies) and 4) PDGF-BB (10 ng/ml) -
dissolved StemProSFM CTS (sup+, Life Technologies), as
serum-free media (days 2, 4 and 7).

Fig. 9 is a photomicrograph of human skin
fibroblasts cultured using 1) StemProSFM CTS (sup+, Life
Technologies) and 2) PDGF-BB (10 ng/ml)-dissolved
StemProSFM CTS (sup+, Life Technologies), as serum-free
media, on days 2 and 7.

Fig. 10 is a graph showing changes in cell counts of
human skin fibroblasts cultured using 1) StemProSFM CTS
(sup+, Life Technologies) and 2) PDGF-BB (10 ng/ml) -
dissolved StemProSFM CTS (sup+, Life Technologies), as
serum-free media (days 2 and 7).

[0014]

The present invention provides a serum-free medium
for culturing of dermal sheath DS cells, the serum-free
medium containing platelet-derived growth factor (PDGF)

and particularly PDGF-BB, and to a method of culturing DS
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cells using the serum-free medium.
[0015]

Dermal sheath (DS) cells are a mesenchymal cell type
present in the dermal sheath. The dermal sheath (DS),
also known as connective-tissue hair sheath or
connective—-tissue sheath, is the dermal tissue
surrounding the epithelial outer root sheath. DS cells
are classified as mesenchymal cells, similar to hair
papilla (dermal papilla, or DP) cells, with DP cells
being thought to derive from DS cells. Within the dermal
sheath (DS), the cells derived from the dermal sheath cup
(DSC) region in particular, which is the basal region
near the hair papilla, proliferate before proliferation
of DP cells during the hair growth cycle, and it is
therefore believed that DS cells, and especially cells
derived from the DSC region (also referred to as "DSC
cells") are the source of DP cells (Tobin DJ et al., J.
Invest. Dermatol., 120:895-904, 2003; NPL 4). The dermal
sheath, and especially the DSC region, is composed of a
hetero cell group, and it is believed that these undergo
descent with cell division and migration from the resting
phase to the growth phase of the hair cycle, a portion
thereof differentiating to hair papilla DP and initiating
elongation of hair.

[0016]

The DS cells of the invention can be obtained from
the epidermis of various mammal such as humans,
chimpanzees and other primates, livestock animals such as
dogs, cats, rabbits, horses, sheep, goats, cows and pigs,
and experimental animals such as rats, mice and guinea
pigs, and more preferably nude mice, SCID mice and nude
rats, but they are preferably human-derived cells, from
the viewpoint of transplantation in humans and production
of three-dimensional models for research. Also, the
epidermal region may be a hairy region such as the scalp,
or a hairless region such as the prepuce.

[0017]
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Also, the DS cells may be cells obtained by primary
culturing of tissue of the aforementioned mammals, or
cells obtained from subculturing, or cells obtained by
inducing differentiation from somatic stem cells, 1iPS
cells or ES cells. From the viewpoint of conducting
transplantation, cells grown by subculturing of cells
obtained from the object of transplantation are
preferred.

[0018]

The basal medium that may be used for the invention
is not particularly restricted so long as it is serum-
free medium used for culturing of human or animal cells.
Various types of serum-free media are commercially

available, and include for example, HFDM-1(+) (Cell

Science & Technology Institute), HFDM-1(-) (Cell Science
& Technology Institute), StemPro MSC SFM CTS (sup+) (Life
Technologies), StemPro MSC SFM CTS (sup—-) (Life

Technologies), Mosaic hMSC SF Culture Medium (sup+) (BD)
and the like. Regarding the compositions of these

commercially available media, HFDM-1(-) contains basal

medium RITC80-7, 5 ug/ml, insulin and 107" M
dexamethasone, and HFDM-1(+) contains, in addition to the
above, 10 ng/ml EGF.

[0019]

The serum-free medium of the invention contains
platelet-derived growth factor (PDGF) as a growth factor
for DS cells. PDGF is a growth factor mainly involved in
modulating migration and growth of mesenchymal cells
(fibroblasts, smooth muscle cells, glial cells and the
like), and it belongs to the PDGF/VEGF family. Being

mainly produced by megakaryocytes, it is also present in

platelet O-granules, and is known to be produced by
various cells such as epithelial cells and endothelial
cells. At least 4 types of PDGF exist: PDGF-A, B, C and
D, based on the A-chain, B-chain, C-chain or D-chain.
All of these form homodimers or heterodimers, and five

isoforms, PDGF-AA, -AB, —-BB, -CC and -DD, are known to
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exist. PDGF-BB is particularly preferred among these.
[0020]
There are no particular restrictions on the amount

of PDGF added to the basal medium, and for example, it

may be about 0.01 ng/ml to 10 ng/ml, preferably about 0.1
ng/ml to 100 ng/ml and more preferably about 1 to 10
ng/ml.
[0021]

The serum-free medium of the invention may also
contain an added Wnt signal activating agent. The Wnt

signal is a series of actions that promote nuclear

localization of P-catenin and exhibit function as a
transcription factor. The signal includes a cascade due
to intercellular interaction, when for example, the

proteinWnt3A secreted from certain cells acts on other

cells, causing nuclear localization of intracellular B—
catenin, and leading to activity as a transcription
factor. The cascade brings about the initial phenomenon
of organ assembly, of which epithelium mesenchymal
interaction is a typical example. The Wnt signal is
known to control various cell functions such as cell
motility during cellular growth and differentiation,

organogenesis and early development, by activation of

three pathways, the P-catenin pathway, PCP pathway and
Ca’" pathway. It is utilized during culturing of ES
cells, for the purpose of controlling differentiation, by
the undifferentiated state-maintaining function of the
Wnt signal (see Noburo Sato et al., Nature Medicine
Vol.10, No.l, Jan. 2004; NPL 5, for example).

[0022]

There are no particular restrictions on the Wnt
signal-activating agent, but any one exhibiting glycogen
synthase kinase-3 (GSK-3) inhibitory activity may be
used, examples of which include the bis-indolo(indirubin)
compound (BIO) ((2'Z,3'E)—-6-bromoindirubin-3'—-oxime), its

acetoxime analog BIO-acetoxime (2'Z, 3'E)-6-
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bromoindirubin-3'-acetoxime, the thiadiazolysine (TDZD)
analog (4-benzyl-2-methyl-1,2,4-thiadiazolysine-3,5-
dione), the oxothiadiazolysine-3-thione analog (2, 4-
dibenzyl-5-oxothiadiazolysine-3-thione), the thienyl-0-
chloromethyl ketone compound (2-chloro-1-(4,4-dibromo-

thiophen-2-yl)-ethanone), the phenyl-0-bromomethyl ketone

compound (O—-4-dibromoacetophenone), the thiazole-
containing urea compound (N-(4-methoxybenzyl)-N'—(5-
nitro-1,3-thiazol-2-yl)urea), or GSK-3P peptide
inhibitors such as H-KEAPPAPPQSpP-NH,, as well as lithium
chloride and the like.

[0023]

There are no particular restrictions on the amount
of addition of the Wnt signal activating agent, and it
may be any amount that leads to Wnt signal activation, or
in other words, that produces GSK-3 inhibition and does
not halt cell proliferation, which will depend on the
type of chemical agent used and the type of cells to be
grown, and may be appropriately determined by a person
skilled in the art. For example, when BIO is used as the
Wnt signal activating agent in DS cells, the amount may
be, for example, about 0.01 uM to 100 pM, preferably 0.1
UM to 10 UM and more preferably about 10 uM.

[0024]

Also, if necessary, the serum-free medium of the
invention may contain added cell growth factors, hormones
or other trace nutrients. Specific examples of these
include epithelial growth factor (EGF), tumor necrosis
factor-a (TNFQ), hepatocyte growth factor (HGF),
fibroblast growth factor 7 (FGF7), vascular endothelial
growth factor (VEGF), basic fibroblast growth factor
(bFGF), transforming growth factors P1, 2, 3 (TIGFPB1, 2,
3), bone morphogenetic protein (BMP) and insulin-like
growth factor-1, 2 (IGF-1, 2), in which case the amounts
may be about 0.1 pg/ml to 100 pg/ml, for example. When a
phospholipid (such as phosphatidic acid,



10

15

20

25

30

35

- 11 -

phosphatidylinositol or ethanolamine) is used, the amount
may be about 0.1 pg/ml to 100 pug/ml, for example. When a
fatty acid (such as linolic acid, oleic acid or
arachidonic acid) 1is used, the amount may be about 0.001
Lg/ml to 100 ug/ml, for example. When a prostaglandin is
used, the amount may be about 0.1 ng/ml- 100 ng/ml, for
example. When a reducing agent (such as ascorbic acid or
reductive glutathione) is used, the amount may be about 1

Lg/ml to 100 ug/ml, for example. When mercaptoethanol is
used, the amount may be about 0.1 Hug/ml to 100 png/ml, for
example. When transferrin or insulin is used, the amount
may be about 0.01 pg/ml to 100 pug/ml. When dexamethasone
is used, the amount may be about 0.000001 uM to 0.1 uM.
When triiodothyronine is used, the amount may be about
0.1 pM to 100 pM. When glucagon is used, the amount may
be about 0.0001 puM to 0.1 UM. When cholesterol is used,

the amount may be about 0.1 pg/ml to 100 pg/ml, for

example. When hydrocortisone is used, the amount may be
about 0.01 pg/ml to 10 pg/ml, for example. When
testosterone is used, the amount may be about 0.1 UM to

100 uM, for example. When estradiol or progesterone is
used, the amount may be about 0.01 ng/ml to 100 ng/ml,
for example. When a trace element (for example, copper,
zinc, cobalt, manganese, molybdenum or selenium) is used,
the amount may be about 0.000001 mg/ml to 0.1 mg/ml, for
example. When albumin, fibronectin or wvitronectin is
used, the amount may be about 0.1 Hg/ml to 1000 ng/ml,
for example.
[0025]

Culturing of DS cells in such serum-free media is

usually carried out using a culture dish set in an

incubator at 37°C in an atmosphere of 5% CO,, the
culturing being continued (subculturing) after medium
exchange upon confirming outgrowth. The cultured cells

obtained in this manner are further subcultured for the
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necessary passage number. The subculturing may be
carried out until the desired amount of DS cells is
reached, and for example, 10 or more subculturings may be
carried out, or if the desired amount is greater,
preferably 15 or more and even more preferably 20 or more
subculturings may be carried out.

[0026]

Preferably, the DS cells cultured in this manner are
allowed to form a sphere (Japanese Unexamined Patent
Publication HEI No. 7-274950; PTL 4). Sphere formation
produces cell growth to a saturated state, and after
detachment of the cells, they are suspended in medium and
the cell suspension is plated on medium in a non-
adhesion-treated culture dish and allowed to stand for
several days to form a cell aggregate consisting of a
cell mass (spheroid). Preferably, the sphere formation
is carried out in the absence of bFGF, although
sufficient sphere formation can be achieved even in the
presence of bFGF. There are no particular restrictions
on the phase in which sphere formation is accomplished,
and it may be carried out on cultured cells that have
passed through the final subculture. Known culturing
methods for formation of spheroids include roller bottle
culturing, spinner flask culturing and hanging drop
culturing, and culture vessels with recesses or culture
vessels treated with low-cellular-adhesion coatings are
commercially available. Also, by culturing using a
culture vessel coated so that cell-adherent regions and
non-cell-adherent regions are co-present, using a
phosphorylcholine (PC)-based coating for the non-cell-
adherent regions, it is possible to form large numbers of
spheroids with consistent sizes.

[0027]

The sphericized DS cells prepared in this manner
maintain hair follicle inducing ability and are therefore
useful for in vitro experiments in research to elucidate

the mechanisms of hair follicle reconstitution, or for
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hair regenerative medicine.
[0028]

The present invention will now be explained in

greater detail by examples.

[Examples]

[0029]

Example 1. Growth of DS cells (cup region) using serum-—
free medium (HFDM-1)

A 12-well plate (BD) was coated with CELLStart™
(Life Technologies), and cryopreserved DS cells (from 21-
year—-old male scalp, DSC, passage number: 0) were
suspended in 1 ml of serum-free medium and seeded on the
plate at 4 X 10* cells per well. The serum—-free media
used were 1) HFDM-1(-) medium (Cell Science & Technology
Institute), 2) HFDM-1(+) medium (Cell Science &
Technology Institute), 3) PDGF-AA (10 ng/ml)-dissolved

HFDM-1(-) medium and 4) PDGF-BB (10 ng/ml)-dissolved
HFDM-1(-) medium. Culturing was conducted at 37°C in the
presence of 5% carbon dioxide gas. The cells were

observed under microscopy on days 2, 5 and 10 (Fig. 1:
40x), and the number of cells per visual field was
counted (Fig. 2).

[0030]

Example 2. Growth of DS cells (cup region) using serum-
free medium (StemProSFM CTS/Mosaic hMSC SF Culture)

A 12-well plate (BD) was coated with CELLStart™
(Life Technologies), and cryopreserved DS cells (from 50-
year-old male scalp, DSC, passage number: 0) were
suspended in 1 ml of serum-free medium and seeded on the
plate at 4 X 10* cells per well. The serum-free media
used were 1) StemProSFM CTS (sup+, Life Technologies), 2)
PDGF-BB (10 ng/ml)-dissolved StemProSFM CTS (sup+, Life
Technologies) and 3) Mosaic hMSC SF Culture Medium (sup+,
BD) and 4) PDGF-BB (10 ng/ml)-dissolved Mosaic hMSC SF

Culture Medium (sup+, BD). Culturing was conducted at

37°C in the presence of 5% carbon dioxide gas. The cells
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were observed under microscopy on days 2 and 7 (Fig. 3:
40x), and the number of cells per visual field was
counted (Fig. 4).

[0031]

Example 3. Growth of DS cells using serum—-free medium
(HFDM-1)

A 12-well plate (BD) was coated with CELLStart™
(Life Technologies), and cryopreserved DS cells (from 43-
year-old male scalp, DS, passage number: 0) were
suspended in 1 ml of serum-free medium and seeded on the
plate at 4 X 10* cells per well. The serum—-free media
used were 1) HFDM-1(-) medium (Cell Science & Technology
Institute), 2) HFDM-1(+) medium (Cell Science &
Technology Institute), 3) PDGF-AA (10 ng/ml)-dissolved

HFDM-1(-) medium and 4) PDGF-BB (10 ng/ml)-dissolved
HFDM-1(-) medium. Culturing was conducted at 37°C in the
presence of 5% carbon dioxide gas. The cells were

observed under microscopy on days 2, 4 and 7 (Fig. 5:
40x; 4th day not shown), and the number of cells per
visual field was counted (Fig. 6).
[0032]
Example 4. Growth of DS cells using serum—-free medium
(StemProSFM CTS sup+/StemProSFM CTS sup-)

A 12-well plate (BD) was coated with CELLStart™
(Life Technologies), and cryopreserved DS cells (from 43-
year-old male scalp, DS, passage number: 0) were

suspended in 1 ml of serum—-free medium and seeded on the

plate at 4 X 10* cells per well. The serum-free media
used were 1) StemProSFM CTS (sup—-, Life Technologies), 2)
PDGF-BB (10 ng/ml)-dissolved StemProSFM CTS (sup-, Life
Technologies), 3) StemProSFM CTS (sup+, Life
Technologies) and 4) PDGF-BB (10 ng/ml)-dissolved
StemProSFM CTS (sup+, Life Technologies). Culturing was
conducted at 37°C in the presence of 5% carbon dioxide
gas. The cells were observed under microscopy on days 2,

4 and 7 (Fig. 7: 40x; 4th day not shown), and the number
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of cells per visual field was counted (Fig. 8).

[0033]

Example 5. Growth of fibroblasts using serum-free medium
(StemProSFM CTS sup+)

A 12-well plate (BD) was coated with CELLStart™
(Life Technologies), and cryopreserved human skin
fibroblasts were suspended in 1 ml of serum-free medium
and seeded on the plate at 4 X 10* cells per well. The
serum-free media used were 1) StemProSFM CTS (sup+, Life
Technologies) and 2) PDGF-BB (10 ng/ml)-dissolved
StemProSFM CTS (sup+, Life Technologies). Culturing was
conducted at 37°C in the presence of 5% carbon dioxide
gas. The cells were observed under microscopy on days 2
and 7 (Fig. 9: 40x), and the number of cells per visual

field was counted (Fig. 10).



10

15

What is claimed is:

1. A serum-free medium for culturing of dermal
sheath (DS) cells, comprising platelet-derived growth
factor (PDGF).

2. The serum-free medium according to claim 1,
wherein the PDGF is PDGF-BB.

3. The serum-free medium according to claim 1 or
2, wherein the dermal sheath (DS) cells are derived from
the dermal sheath cup (DSC) region.

4. A method for culturing dermal sheath (DS)
cells, using a serum-free medium comprising platelet-
derived growth factor (PDGF).

5. The method according to claim 4, wherein the
PDGF is PDGF-BB.

6. The method according to claim 4 or 5, wherein
the dermal sheath (DS) cells are derived from the dermal

sheath cup (DSC) region.



