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Use of germ cells for preparing a micro hair follicle

The present invention relates to an "in vitro" process for producing a micro hair follicle by

culture and amplification of germ cells.

It likewise relates to the micro hair follicles produced by means of the process mentioned

above and to the use thereof for treating alopecia and also for evaluating the effect of cosmetic,

pharmaceutical and dermatological products.

Alopecia is conditioned by various factors: genetic, hormonal and environmental, by the diet

and by physical activity. The hair has an essential aesthetic and identity role. Alopecia in

women or in men can thus be responsible for considerable psychological suffering.

Thus, healthy, strong hair and a dense head of hair throughout one's lifetime is an

ambition of most women and men.

Many techniques are known for treating alopecia, such as cell therapy, laser therapy or

else implants without surgery. The latter gives an immediate result and is much less invasive

than surgery.

In order to obtain implants, human hair follicles are obtained by culturing various cell

types present in the hair bulb.

The hair bulb is pear-shaped and it is composed:

of the papilla which is a budding of dermal origin, located at the base of the follicle. It

is a highly vascularized site which participates in the nutrition and regulation of the

growth of the hair through its store of growth factors and extracellular matrix proteins;

- of the matrix which is a zone capping the dermal papilla, constituted of a clump of

matrix cells which are not very differentiated. It is the seat of intense mitotic activity.

The matrix cells, which are located in the hair bulb and which form a small cell clump

around the dermal papilla, are mainly constituted of precursors of keratinocytes which

constitute a germinative stratum and which proliferate rapidly so as to differentiate to

form the hair shaft, thus playing an essential role in the hair cycle. From the beginning

of the anagen phase up to the end of said phase, these matrix cells will proliferate up to

the catagen phase and then disappear in the telogen phase. Ebling FJ. The biology of

hair.Dermatol Clin. 1987 Jul;5(3):467-81. Review; Saitoh M Uzuka M Sakamoto M.



Human hair cycle. J Invest Dermatol. 1970, Jan 54, pages 65-32. Cell differentiation

will allow the formation of the various cell types of the outer epithelial sheath (ORS),

of the inner epithelial sheath (IRS) and then of the hair shaft. It is also this matrix which

conditions the shape of the hair. The matrix is distributed uniformly about an axis of

symmetry for straight hair, whereas it will be greater on one side for curly hair (Voyage

3D au Coeur du cheveu [3D voyage to the Heart of the hair] web site - URL: www.hair-

science.com ; Melissopoulos A and Levacher C. Les annexes cutanees [The skin

appendages]. In: La peau: structure et physio logie [The skin: structure and physiology],

published by Lavoisier; 1998. P. 57-99). The matrix also comprises follicle melanocytes

which are responsible for the pigmentation of the hair. The proliferation and

differentiation of these matrix cells are controlled by the dermal papilla Botchkarev

VA, Kishimoto J. Molecular control of epithelial-mesenchymal interactions during hair

follicle cycling. J Invest Dermatol Symp Proc. 2003 Jun;8(l):46-55. Review);

of the outer and inner epithelial sheaths which are produced by the upper matrix of the

hair bulb, also known as the keratinization zone. The outer epithelial sheath constitutes

the outer envelope of the follicle: it is an invagination of the epidermis. It houses in

particular stem cells from which the hair follicle will be cyclically regenerated. The

inner epithelial sheath separates the outer epithelial sheath from the hair shaft. This

sheath is constituted of three cell types organized in keratinized concentric layers which

accompany the growth of the hair. Henle's layer, Huxley's layer and the cuticle which

is formed from flattened cells, directed towards the hair matrix, are distinguished;

of the hair shaft which is partly visible, this is the hair. The structure of the hair shaft is

made up of three distinct layers from the outside to the inside. There is the cuticle, the

cortex and the medulla, all made up all keratinized cells.

etime, the hair goes through three phases of development of very unequal durations:

The anagen phase is the active phase of the hair, the one during which it lives and grows

regularly. It lasts from 4 to 7 years. The germ cells which surround the papilla of the

hair root bulb continually produce the material which allows the hair to live and grow.

Next, the multiplication of the germ cells stops at the bottom of the follicle. The active

phase of the hair is then ended; another begins, which is much shorter.



The catagen phase: In barely 15 days, the hair bulb disappears (since it is no longer fed

because of the interruption of the germinative cells) and becomes transformed at an

accelerated speed. The papilla disappears, that is to say that the hollow bulb becomes

solid; it keratinizes, hardens and becomes cornified. The hair is then dead; the follicle

tightens so as to expel the dead hair.

The telogen phase is the phase which lasts approximately three months and during which the

dead hair is waiting to fall out. In order to fall out, the hair must be pushed out by the new hair

which in turn grows in the same follicle and which will expel the old hair.

The regeneration of the hair follicle then takes place starting from the stem cells, called germ

cells, located in the "bulge".

The "bulge" is formed by a cell subpopulation of the outer epithelial sheath, called germ cells,

located in the middle portion of the hair follicle, and more exactly in the hair arrector muscle

insertion zone. These cells represent the lowest part of the permanent portion of the follicle.

In the "bulge", the keratinocytes are relatively undifferentiated, biochemically and ultra-

structurally.

This "bulge" is in a strategic position to interact during the late telogen phase, with the

ascendant dermal papilla, and to initiate a new follicle in anagen. The germ cells are thus cells

that are essential for renewal of the hair. The germ cells (germinative cells or pluripotent cells

or stem cells) of the telogen hair are involved in the exiting of the hair follicle from the dormant

phase and therefore regrowth of the hair.

For the purposes of the invention, the term "germ cells" is intended to mean the stem cells

present in the "bulge".

For several years, hair follicle cells from the compartments that are easy to access by micro-

dissection have been cultured, EP 2 274 419, EP 2 447 357.

However, dissection of the telogen follicle is particularly difficult, in particular because of its

rarity, which represents less than 15% of all the follicles present on the scalp. Dissection of the

telogen follicle is furthermore particularly difficult because in particular of its dermal

environment. One of the difficulties is thus to obtain the germ cells in sufficient amount to

regenerate a hair follicle capable of renewing. The team of S. Lyle, in 2005, carried out a

primary culture of these cells by means of an amplification starting from a telogen follicle

prepared by digestion with dispase and then pulled out, which does not make it possible to

extract all of the germ cells in sufficient amount to place them in culture and to maintain, in



vitro, the expression of germ cell-specific markers in order to regenerate a hair follicle (Roh C,

Tao Q, Photopoulos C, Lyle S. J Invest Dermatol. 2005, 125: 1099-1 105).

Regarding cell therapy, the company Replicel uses connective tissue sheath cells to obtain a

fine shaft which is non-pigmented and which does not recycle; because the connective tissue

sheath cells will recruit the keratinocytes of the skin (method used by Jahoda, 1999; Higgins,

2013).

None of these models contains germ cells, the presence and the amount of which are essential

to the formation of a microfollicle having most of the characteristics of a human microfollicle

and in particular its renewal capacity.

Surprisingly, the inventors have succeeded in obtaining germ cells in a sufficient amount so

that, when they are brought into contact with dermal papilla fibroblasts and also connective

tissue sheath fibroblasts, a tubular structure responsible for a micro hair follicle forms and,

because of the presence of the germ cells, is capable of recycling.

Indeed, the applicant has demonstrated that the culture of germ cells in the presence of the Rock

Y27632 inhibitor allows considerable proliferation of these cells and the differentiation thereof

into keratinocytes that are positive for the CD200, CD29 and K15 markers. It can, moreover,

be noted that these cells are small cells, having a high nuclear/cytoplasmic ratio and a

homogeneous phenotype.

When these cells are brought into contact with the connective tissue sheath fibroblasts and also

the dermal papilla fibroblasts, the formation of a tubular structure that will be responsible for

the formation of a micro hair follicle is observed.

The mixing of the cells obtained with connective tissue sheath fibroblasts and also the

fibroblasts of the dermal family placed in 3D culture makes it possible to obtain, unexpectedly,

the formation of a bud from the mixed spheroids constituted of the germ cells and of the dermal

papilla fibroblasts and also the connective tissue sheath fibroblasts. This budding is in the form

of a tubular structure that will be responsible for the formation of the hair follicle.

For the purposes of the invention, the term "tubular structure" is intended to mean a budding

which forms from the mixed spheroids.



For the purposes of the invention, the term "mixed spheroids" is intended to mean the 3D

culture of the germ cells and of the dermal papilla fibroblasts and also the connective tissue

sheath fibroblasts.

For the purposes of the invention, the term "tubular structure" is intended to mean the budding

observed after 3D culture of the germ cells and of the dermal papilla fibroblasts or the

connective tissue sheath fibroblasts. This tubular structure constituted, on the one hand, of the

epithelial stem cells of the hair and, on the other hand, of the mesenchymal cells of the hair will

be responsible for the formation of the microfoUicle.

The process, according to the invention, therefore proves to be advantageous because it makes

it possible to obtain a hair follicle using the fibroblasts of the hair and germ cells required for

the formation of a hair follicle having most of the characteristics of a human microfoUicle and

in particular capable of regenerating.

Thus, according to a first of its subjects, the present invention relates to the use of germ cells

for obtaining a hair follicle.

Use of germ cells for preparing a micro hair follicle

The germ cells may be sampled according to the process which follows: hair follicles in the

telogen phase are placed in a Petri dish containing a minimum culture medium supplemented

with 2% of antibiotic and non-essential amino acids.

The region of the germ cells, called the bulge, is extracted from the connective tissue sheath

and then placed in a petri dish containing a feeder layer of 3T3i fibroblasts.

In order to obtain a sufficient amount of germ cells for obtaining a micro hair follicle, the

applicant has developed a method of amplifying these cells so that they differentiate into

CD200, CD29 and K15 keratinocytes.

Thus, the applicant has developed a process for preparing a micro hair follicle, comprising at

least one step of amplifying the germ cells in the presence of an effective amount of a ROCK



inhibitor for a period of time sufficient to allow differentiation of said cells into keratinocytes

positive for the CD200, CD29 and K15 markers.

This process for preparing the micro hair follicle is characterized in that it comprises the

following steps:

a- isolating a hair follicle in the telogen phase from a scalp sample;

b- separating the germ cells from the connective tissue sheath;

c- depositing the cell aggregate on a feeder layer of 3T3i fibroblasts, that have been

irradiated or blocked with mitomycin, in a Green 7F medium;

d- amplifying the germ cells at the surface of said support in the presence of a ROCK

inhibitor;

e- recovering the keratinocytes exhibiting the CD200, CD29 and K15 markers;

f- culturing the keratinocytes obtained in step e) in 3D culture in the presence of

fibroblasts from the connective tissue sheath and/or from the dermal papilla.

The culturing of the germ cells in 3D culture in the presence of fibroblasts from the connective

tissue sheath and/or from the dermal papilla makes it possible to obtain a hair structure

responsible for the micro hair follicle, capable of renewing by virtue of the presence of the germ

cells.

The micro hair follicle obtained from the culture of the germ cells is therefore capable of

renewing.

In particular, the micro hair follicle obtained from the culture of the germ cells in the presence

of fibroblasts from the connective tissue sheath and/or from the dermal papilla is capable of

renewing.

Microdissection

One of the difficulties to be overcome lies in the obtaining of hair follicles in the telogen phase

by microdissection.



This is because, under normal conditions, when a hair falls out, the bulge compartment

containing the stem cells called germ cells will make it possible to initiate the development of

a new hair cycle and will again give a new follicle.

Thus, pulling out a telogen hair does not make it possible to obtain these germ cells; it will

therefore be necessary to perform a scalp biopsy, and then to isolate these cells by

microdissection.

According to the invention, the germ cells are obtained by means of a novel microdissection

technique which preserves the amount and the integrity of the cells, since they are not separated

from one another. Indeed, the hair in the telogen phase is isolated on a support, and the telogen

shaft containing the germ cells located in the bulge is extracted. This microdissection makes it

possible to isolate and preserve all of the germ cells.

For the purposes of the invention, the term "telogen" is intended to mean the follicle which

contained the hair in the telogen phase.

Amplification

In addition to being difficult to isolate, the germ cells are also difficult to culture at least for the

following reasons:

a) the number thereof is particularly low;

b) they are difficult to amplify.

The applicant has isolated the germ cells and developed a process for culturing these cells.

Specifically, in the presence of the Y27632 growth factor, which is a ROCK inhibitor, these

cells proliferate rapidly and differentiate into CD200, CD29 and K15 keratinocytes until they

reach confluence.

The cells are amplified according to the technique of Rheinwald and Green (Cell, vol. 6, 331-

344,1975) by culturing on a feeder support constituted of fibroblasts in a suitable medium

known to those skilled in the art, in the presence of growth factors, in particular amino acids,

serum, cholera toxin, insulin, triiodothyronine and pH buffer solution. In particular, such a

culture medium may in particular contain at least one mitogenic growth factor for keratinocytes



(for example epidermal growth factor (EGF) and/or keratinocyte growth factor (KGF), in

particular KGF), insulin, hydrocortisone and optionally an antibiotic (e.g.: gentamycin,

amphotericin B) to which a ROCK inhibitor, Y27632, has been added.

Advantageously, said medium may also comprise serum or a pituitary extract, for example of

bovine origin, epinephrine, transferrin and/or non-essential amino acids.

The fibroblasts used for this culture will more preferentially be 3T3 fibroblasts. 3T3 fibroblasts

are well known to those skilled in the art. It is a fibroblast cell line that has been known since

1962. "3T3" means "3-day transfer, inoculum of 3 x 105 cells".

The cell culture is preferably a culture on fibroblasts (preferentially 3T3 fibroblasts), the

proliferation of which has been stopped beforehand, preferentially by having previously

irradiated them (for example with gamma radiation) or previously treated them with mitomycin.

Mitomycin (in particular mitomycin C) blocks the proliferation of these cells without however

preventing them from producing nutritive substances useful for keratinocyte proliferation.

With this technique, the germ cells proliferate on the support on which they have been separated

from the other cell types. This makes it possible to preserve a sufficient number of germ cells.

The cells proliferate rapidly in the presence of Y27632 up to confluence and differentiate into

cells that are positive for the markers CD200, CD29 and K15.

According to the invention, the term "effective amount" denotes an amount required to obtain

a culture of CD200, CD29 and K15 keratinocytes at confiuence.

According to the invention, the effective amount of the ROCK inhibitor, Y27632, is between

1 and 100 µΜ and preferably between 5 and 25 µΜ and preferably 10 µΜ .

According to the invention, the germ cells are cultured in the presence of the ROCK inhibitor,

Y27632, for at least 2 days and preferably for at least 3 days.

Preferably, the cells are placed in culture in a cell number of between 1000 and 4000 cells and

preferably in a number of 3000 cells per cm2.



The term "at confluence" is intended to mean a cell layer having no interstice between each

adherent cell cultured in monolayer on an appropriate support, such as a culture dish.

Culturing of CD200, CD29, 1 cells in 3D culture to obtain micro hair follicles

The 3D spheres are obtained by seeding the cells on 96-well microplates of Insphero type by

the hanging drop method or method with microplates for culturing non-adherent cells

(GravityPLUS White paper system).

The germ cells and the fibroblasts from the connective tissue sheath and/or the dermal papilla

are then cultured in a green medium at 37°C; the appearance of the micro hair follicle is

observed after at least 3 days of culture.

According to one embodiment, the cells are maintained in culture for at least 3 days and

preferably at least 5 days.

Preferably, the number of cells placed in culture is between 1000 and 4000 cells and is

preferably 3000 cells per cm2.

Another subject of the invention is a micro hair follicle that can be obtained by means of the

process according to the invention.

These micro hair follicles make it possible on the one hand to use them for the prophylactic or

therapeutic treatment of a state of reduced pilosity, in particular alopecia, and constitute on the

other hand predictive tests for the activity of cosmetic and/or pharmaceutical active agents or

else side effects of topical ingredients.

Prophylactic or therapeutic treatment of a state of reduced pilosity, in particular alopecia

Given that the micro hair follicle has the characteristics of a hair follicle in vivo, it may be used

as an implant, optionally combined with skin substitutes.



The micro hair follicle according to the invention will therefore also have uses for preparing

implants and/or a skin substitute for treating a skin disorder such as a burn, a healing defect or

hair that has turned white or grey.

A therapeutic effect is defined as a return to the normal state of pilosity, whether totally or

partially.

For the purposes of the invention, prophylactic treatment is recommended if the subject has a

prior condition for hair loss, such as a familial disposition.

The conditions of a reduced amount of hair may be the result of alopecia, hereditary baldness,

scars, burns or accidental injuries.

Predictive tests for the activity of cosmetic and/or pharmaceutical active agents

The micro hair follicle equivalents according to the invention make it possible to perform in

particular time courses of body hair or head hair growth and therefore any study requiring

numerous hairs that are alive and as complete as possible in an in vivo context such as the study

of the hair cycle and of the factors capable of influencing this cycle, ranging up to the study of

active agents which promote hair growth, of active agents which make it possible to combat

hair loss or else of active agents which slow down body hair growth.

The product screening processes for the purpose of identifying novel active agents comprise a

step (a) of bringing said test product into contact with a micro hair follicle according to the

invention, then a step (b) of analysing the effect of said product on at least one parameter of the

micro hair follicle and a step (c) of selecting the product which modifies said parameter.

Preferably, for carrying out step (a), the test product is applied topically, for example,

formulated in conventional topical formulations or else introduced into the culture medium.

Step (b) may, in particular, be carried out by analysing the expression, the production and/or

the activity of markers associated with the quality and/or with the homeostasis of the micro hair

follicle, for instance follicle markers for the structural proteins. As an example of structural

proteins, mention may be made of the hair keratins.



For this, the effect of the product on the growth of the hair shaft will be analysed in step (b) of

the screening process.

Step (b) of analysing the effect of the product will preferentially be a comparison of at least one

parameter measured on the micro hair follicle according to the invention brought into contact

with the test product with that or those measured on a control micro hair follicle cultured under

the same conditions but which has not received the test product.

Step (c) of selecting the product which modifies the parameter of the micro hair follicle will be

carried out as a function of a criterion determined beforehand.

The modification of this parameter may be a stimulation, a decrease or a total or partial

inhibition of the expression, of the production and/or of the activity of markers and/or of the

growth of the hair shaft.

The criterion for selecting said product will for example be that this product has a stimulatory

or inhibitory effect on the parameter measured.

The micro hair follicle according to the invention can also be used in automated processes for

screening cosmetic, pharmaceutical or dermatological compounds for identifying novel active

agents.

Description of the figures:

The figures make it possible to give a better illustration of the invention, without however

limiting the scope thereof.

Figure 1: Germ cell localization

Figure 2 : Separation of the connective tissue sheath cells and of the germ cells with a needle

Figure 3 : Isolation of a telogen follicle containing the germ cells

Figure 4 : Telogen follicle deposited on a feeder layer of 3T3 and migration of the first germ

cells around the telogen follicle



Figure 5 : Germ cells at confluence after 10 days of culture

Figure 6 : Characterization of the cells at confluence, K15+, CD29+ and CD200+ keratinocytes

Figure 7 : Proliferation of the germ cells with Rock inhibitor (Figure 7a) and without Rock

inhibitor (Figure 7b)

Figure 8 : Formation of the tubular structure responsible for the hair follicle after 3, 7 and

10 days of culture.

The examples given below are presented as non-limiting illustrations of the invention.

Example 1 - Preparation of germ cells

Experimental protocol

The germ cell region, called the bulge (Figure 1), is extracted from the connective tissue sheath

(Figure 2) and then placed in a petri dish containing 3T3i cells (Figure 3).

i . Germ cell microdissection

The hair follicles are extracted from a surgical residue of scalp. Said residue is first cut into 5

mm2 portions and then sectioned using a scalpel between the dermis and the hypodermis.

The follicles are extracted using ophthalmic surgery forceps and are then sectioned just above

the papilla with a scalpel. The bulb is then recovered. At this stage, the bulb comprises two

compartments: the dermal compartment (dermal papilla and connective tissue sheath) and the

matrix cells which form a cell mass.

The epithelial part is separated from the dermal part using perfusion needles. Only the epithelial

part is cultured.

ii. Culture conditions:

The culture conditions have three main components:

· The base medium:

Unless otherwise indicated, all of the media and buffers used in the examples are described in

Bell et al. 1979, (P.N.A.S. USA, 76, 1274-1278), Asselineau and Prunieras, 1984, (British J . of

Derm., I l l , 219-222) or Asselineau et al, 1987, (Models in dermato., vol.III, Ed. Lowe &

Maibach, 1-7).



The MEM medium + 10% FCS + 7F (called Green 7F medium) has the following composition:

• the culture supplements: growth factors and for instance 10 µΜ of Y27632.

• the adhesion surface: the germ cells proliferate in the Green-based medium in the presence of

a feeder layer of murine 3T3 fibroblasts arrested in the cell cycle by mitomycin treatment.

Culture-Amplification of keratinocytes

After microdissection, the hair follicles in the telogen phase are deposited in Petri dishes 60

mm in diameter, seeded beforehand with 1 million 3T3 cells, and covered with the complete

Green 7F culture medium; a culture of germ cells at confluence is obtained.



In order to generate the spheres, the cells are recovered at the subconfluent stage by enzymatic

treatment. The spheres can be obtained in various ways with the conventional techniques

already described (hanging drop, centrifugation, non-adhesive support). In the case of the

hanging drop, 3000 cells are placed in the plates in sphero. They are recovered in 96-well plates

after 48 h in order to monitor their progression.

The telogen hair with the non-dissociated germ cell clump are isolated and deposited on a 3T3

feeder layer (Figure 3). After 3d of culture, the cells begin to proliferate in the form of a colony

around the germ clump (Figure 4). The cells reach subconfluence in 7 days (Figure 5).

They are characterized by a very small size and a strong proliferative capacity. In order to

ensure amplification, the cells are then seeded into a T75 flask. Thus, after 3 weeks of culture

of 3 bulbs, it is possible to generate approximately 40 million germ cells at passage 1.

It was possible to observe that the germ cells are capable of very rapidly reaching confluence

in the green 7F medium in the presence of the Rock Y27632 inhibitor at a concentration of

10 µΜ (Figure 7a)), whereas, in the same medium without addition of the rock inhibitor, the

cells do not proliferate (Figure 7b)).

Thus, the germ cells cultured in 7F medium containing the rock inhibitor make it possible to

obtain keratinocytes that are positive for the K15, CD29 and CD200 markers (Figure 6) in

sufficient amounts. Moreover, these cells are small in size, having a high nuclear/cytoplasmic

ratio and a homogeneous phenotype.

The cells which are obtained in a sufficient amount and which have the K15, CD29 and CD200

markers, homogeneously and reproducibly, are then placed in 3D culture in the presence of

the fibroblasts from the connective tissue sheath and/or from the dermal papilla.

These cells form spheres after 3d of culture.

After some 3 additional days of culture, these spheres change conformation, showing a

polarized organization. A budding appears, which seems to indicate differentiation of the

spheres into a tubular structure responsible for the formation of the hair follicle.



CLAIMS

1. Use of germ cells for preparing a micro hair follicle.

2 . Use according to Claim 1, characterized in that the micro hair follicle is capable of

renewing.

3 . Use according to Claim 1 or 2, characterized in that said germ cells are cultured in the

presence of connective tissue sheath fibroblasts and/or dermal papilla fibroblasts.

4 . Process for preparing a micro hair follicle, comprising at least one step of culturing the

germ cells in the presence of an effective amount of a ROCK inhibitor for a period of time

sufficient to allow differentiation of said cells into keratinocytes positive for the CD200,

CD29 and K15 markers.

5 . Process according to Claim 4, in which the ROCK inhibitor is Y27632.

6 . Process according to Claims 4 and 5, in which the effective amount of the ROCK

inhibitor is from 1 to 100 µΜ .

7 . Process according to Claims 4 to 6, in which the effective amount of the ROCK inhibitor

is from 5 to 25 µΜ .

8. Process according to Claims 4 to 7, in which the effective amount of the ROCK inhibitor

is 10 µΜ .

9 . Process according to any one of Claims 4 to 8, in which the germ cells are cultured in the

presence of the ROCK inhibitor for at least 2 days and preferably for at least 3 days.

10. Process according to any one of claims 4 to 9, characterized in that it comprises the

following steps:

a- isolating a hair follicle in the telogen phase from a scalp sample;

b- separating the germ cells from the connective tissue sheath;



c- depositing the cell aggregate on a feeder layer of 3T3i fibroblasts that

has been blocked with mitomycin, in a green 7F medium;

d- amplifying the germ cells at the surface of said support in the presence

of a ROCK inhibitor;

e- recovering the keratinocytes positives for the CD200, CD29 and K15

markers;

f- culturing keratinocytes obtained in step e) in 3D culture with

connective tissue sheath fibroblasts and/or dermal papilla fibroblasts.

11 Process according to any one of claims 4 to 10, in which the said keratinocytes positives

for the CD200, CD29 and K15 markers are recovered when they reach confluence while

forming regular clusters.

12 Process according to Claim 10, characterized in that, in step f), the number of keratinocytes

placed in culture is between 1000 and 4000 cells per cm2 and is preferably 3000 cells per

cm2.

13 Micro hair follicle that can be obtained by means of the process according to any one of

Claims 4 to 12.

14 Micro hair follicle according to Claim 13, characterized in that it is constituted of cells

resulting from the amplification and differentiation of germ cells in the presence of a

ROCK inhibitor.

15 Micro hair follicle according to Claim 14, characterized in that the ROCK inhibitor is

Y27632.

16. Micro hair follicle according to one of Claims 13 to 15, for the prophylactic or therapeutic

treatment of a state of reduced pilosity.



17. Micro hair follicle according to one of Claims 13 to 15, for treating alopecia.

18. Use of a micro hair follicle according to one of Claims 13 to 15, for the in vitro testing of

effects of active agents on hair properties.

19. Use of a micro hair follicle according to Claim 18, for identifying a compound which

modulates the growth of body hair and/or of head hair.

20. Product screening process for the purpose of identifying novel active agents, comprising

a step (a) of bringing said test product into contact with a micro hair follicle as defined

according to any one of Claims 13 to 15, then a step (b) of analysing the effect of said

product on at least one parameter of the micro hair follicle and a step (c) of selecting the

product which modifies said parameter.
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