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Hair follicles are the organs that produce hair shafts. They periodically regenerate throughout the life of the organ-
isms, which is called the hair cycle. To develop new drugs to treat hair disorders and diseases, reproducible and high
throughput assays or screening methods have been required to estimate the efficacy of various factors on hair follicle
function. Although organ culture of hair follicles is one of the useful ways to carry out such research, it is not suitable
for manipulating the genes or cells present in hair follicles. Patch assay is a method used to reconstruct hair follicles from
enzymatically dissociated skin cells and has many advantages compared to the conventional Chamber method. Using the
Patch method, transferring genes into follicular cells becomes easier than ever before. Chimeric follicles could be
produced with dissociated cells by modifying the combination of cells or by simply merging cells of different origins.
These applications certainly help the progress of hair research. However, we recently found that some functions of der-
mal papillae and follicular epithelia change during the growing phase (anagen) of the hair cycle. Dermal papillae
produce different factors in early anagen and mid anagen. The signals from dermal papillae in early anagen could
produce hair bulbs with clonogenic epithelial precursors but not with dormant epithelial precursors. On the other hand,
the signals from dermal papillae in mid anagen strongly promote hair formation with dormant epithelial precursors.
Therefore, more attention should be given to the hair cycle stages when using organ culture of hair follicles and conduct-
ing reconstruction experiments with follicularly derived cells.

Key words—hair follicle reconstruction; dermal papilla; patch assay; retrovirus vector; epithelial precursor; organ
culture
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Fig. 1. Schematic Representation of Hair Follicle Structures and Migration of Follicular Cells

Hair follicles possess several different stem cells that support regeneration of hair matrix cells, follicular melanocytes, or follicular mesenchymal cells including
dermal papilla cells during the hair cycle (A). The hair matrix cells differentiate into three kinds of hair shaft cells and three types of cells in the inner root sheath
(IRS) with the aid of the dermal papilla (B). The companion layer that separates the outer root sheath (ORS) and IRS is also derived from the hair matrix.
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Fig. 2. Schematic Representation of Hair Development and Hair Cycle

Hair development is initiated by formation of epidermal thickening and establishment of follicle-type keratinocytes. Then the follicular keratinocytes assemble
the dermal fibroblasts to make dermal condensation that become the dermal papilla in a later stage. The hair matrix cells and follicular melanocytes are activated by
signals from the dermal papilla and function to maintain anagen (growing phase) . Catagen is the regressing phase of the hair cycle. In this stage, the hair matrix and
the lower follicle structure is regressed by apoptosis. After the resting phase (telogen), the follicles reenter anagen.
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Fig. 3. Methods for Hair Follicle Reconstruction from Dissociated Cells

It has been developed several methods to differentiate enzymatically dissociated skin cells into hair follicles in vivo. In the Chamber method, the cells are im-
planted on a wound bed that has been made with silicone chamber (A). A bunch of hair would be observed on the skin surface of the recipient mouse in several
weeks after transplantation. In Patch method, the cells are injected beneath the superficial fascia (B). Hair formation occurs under the skin, but it could be noticed

by raised surface of the skin like a patch by 12 days after grafting.
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Fig. 4. Follicles Reconstructed by Patch Method

A lot of pelage-like follicles were reformed beneath the superficial fascia after 12 dyas of implantation (A). A magnified photograph of reconstructed follicles
(B) . Gene transfer into reconstructed follicles with lac—Z retroviral vectors (C). Retroviral vectors could introduce genes of interest into several different types of
follicular cells when they had been administrated with the dissociated skin cells before transplantation. Chimeric follicles were easily produced by adding the cells of
different sources (D). These techniques are applicable to various purpose on hair researches.
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Fig. 5. A Model of Migration and Differentiation of Hair Matrix Precursors in Vibrissa Follicles

Clonogenic epithelial precursors (CEPs), which can strongly respond to early anagen (EA)-dermal papilla (DP)—derived signals and make hair bulbs, would
break out in bulge region in late anagen. CEPs migrate downward during catagen and telogen and reach the lower end of the follicle, which might become hair germ
cells or germinative cells. The germinative cells could differentiate into the hair matrix cells, but it must occur in subsequent catagen. Signals of mid anagen (MA)—
DP induce hair formation with dormant epithelial precursors (DEPs) but not with the CEPs. Transition of cellular function of epithelial precursors in the hair bulb

may be directly related to the control of the hair matrix size.
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HH 20, REMICHT 2 MEREOZE L RIRIT
A - RIENC BT 2 BREAE AT R E RS
X, INETRICMEINTEZAREBLHERLD
ZRTHHREIN T AN D 5.

8. HHYIC
FEZDEECHEITHINT 5 FEFIBFED =D D
RFERIEE TR EEEARNHOD, BEADEEE
Br e R BRI 5 O B A FHHEELR 7R EFIH Al HE
BLNIVOFEMMEEINTE TS, 25 L
FOFIEIZ, TNETHDOH B TRONTE=Hl
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ORBAVEAIND I ET, 2HICHEET DKM
HB. LrL, ErOMMCEHRE SEY, BAIZX
EEND 2720, WRETLRUDERMAT—
DEIZBLALEBELTBSIENBETHSD.
BT, YU ADOEEEEICRE e R EE
&, BERIELZDS, HRENHS BUNEAET
HZENWEINZ. Y INET, BAOKIBE
MiciEEL, ToREFALLENWEESND I EN
Distamo =, Al &b invivo TIXEREZE
HETLOICHERREENHEIN TS WS Z
ETHAD. Wit 27 FIVREEMIELTZSIET
EBNCBEAREHET ZENTEZOD, 251K
BERENDINOEEZEZLNS. %D 5%, BaAF
ROMMEENEO IS ICa> hOo—)lanTnb
DINHIFEIH S AT, BEEMIESEZ W T in vitro
TRUZHEIELIEHHBNBETIEIRNDT
W hEZEZTNDS,
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