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(57) L 1nvention porte sur un procede de preparation des
cheveux qui consiste a: (1) retirer des cheveux dans la
phase anagene d’une ou plusieurs regions d 'un donneur
de sorte que la caracteristique du bulbe des cheveux dans
la phase anagene reste lice aux cheveux retires; (2)
mettre en culture les cellules folliculeuses des cheveux
retires, dans des circonstances permettant leur
multiplication; et (3) implanter les cellules folliculeuses
des cheveux retirés dans les regions du receveur.
L 1invention porte €¢galement sur un support comprenant
au moins un milieu de culture appropri¢ de kératinocytes
sans serum et eventuellement complétes par des lignees

de mastocytes et/ou de cellules CD34™" autologues
(mises en cultures) et/ou des agents stimulant la
proliferation des cellules, et sur un procéde de mise en
culture des cellules folliculeuses provenant des cheveux
de la phase anagene, un ou plusieurs de ces cheveux de
la phase anagene ¢tant places dans ce milieu.

I*I Industrie Canada  Industry Canada

(57) Method for the preparation of hair, which method
comprises the following steps: (1) removal of hair 1n the
anagen phase from one or more donor regions 1n such a
way that the bulb characteristic of hair in the anagen
phase 1s still attached to the hair removed, (2) culture of
hair follicle cells from the hair removed, under
circumstances such that the hair follicle cells are able to
multiply, and (3) mmplantation of the cultured hair
follicle cells mn the receptor regions. Medium which
comprises at least one suitable serum-free keratinocyte
culture medium and 1s optionally supplemented with one
human mast cell line and/or autologous (cultured)

CD34" cells and/or orowth-stimulating agents and a
method for culturing hair follicle cells from hairs 1n the
anagen phase, 1n which one or more hairs in the anagen
phase are placed 1n said medium.
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(54) Title: METHOD FOR THE PROPAGATION OF HAIR

(57) Abstract

Method for the preparation of hair, which method comprises the following steps: (1) removal of hair in the anagen phase from one
or more donor regions in such a way that the bulb characteristic of hair in the anagen phase is still attached to the hair removed, (2) culture
of hair follicle cells from the hair removed, under circumstances such that the hair follicle cells are able to multiply, and (3) implantation
of the cultured hair follicle cells in the receptor regions. Medium which comprises at least one suitable serum—free keratinocyte culture
medium and is optionally supplemented with one human mast cell line and/or autologous (cultured) CD34* cells and/or growth-stimulating
agents and a method for culturing hair follicle cells from hairs in the anagen phase, in which one or more hairs in the anagen phase are
placed in said medium,.
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Method for the propagation of hair

The present invention firstly relates to a method for the

raproduction of hair. The invention also relates Lo a methocd for

W

culturing hair follicle cells from anagenetic hairs in the anagen phase,

to a medium that is highly suitable for culturing hair follicle cells, to

a method for the preparation of gsuch a medium and to a precursor medium.

A method for the reproduction of hair is disclosed in European

Patent Application O 236 014, in which epidermal follicle ceclls of the

10 desired hair type are removed from the scalp skin of a patient. The
epidermul follicle cells are then cultured in a culture medium which
preferably contains growth factors. In a subsequent step, an opening is
made in the epidermis of the patient's scalp and, via said opening, the
cultured epidermal follicle cells are introduced into the dermis next to

15 the epildermis. Thg disadvantage of this method is that it comprises an
invasivo method snd that the cells are not placed directionally, as a
result of which many cells are necessary and the probability of
regeneration of hair is much lower. In this method, use 18 also not made
of autologous (cultured) CD34° cells.

20 The essential growth structures of hair are the so-called hair
follicles, which are prasent in the skin. The hair follicle cells or
keratinocytes reproduce from Lhese hair follicles and during their path
to the skin surface the cytoplasm of said cells is converted by a large
number of complex processes into the tough end resilient material which

25 1s known as hnir. 'The growth cycle of hair can be subdivided into three

phases: the anagen phase or growth phase, the catagen phase or transitory

phase and the telogen phasc or dying phase. The hair {ollicle is unigue
because of the cyclic nature of hair formation and hair growth.

Specifically, the hair follicle is the only part of the body to have a

30 growth nucleus, from which new hairs can be produced after removal of the
old hair.

It ie known that hair follicle cells from plucked humnn hair can
be cultured. It is also knouwn that it is possible using such cultured
cells to form a dilferentiated epidernis or a fully developed epidernis,

35 both in vitro and in vivo. Cultured heir follicle cells from mice can
stimulate hair growth when said cells are implanted into test animals.
However, to date it has not proved possible to achieve new hair growth in
humans in those locations where there iz undesirably né (longer any) hair

with the aid of cultured autologous hair folllcle cells.
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People usually find beldness tc be undesirable from the cosmetic
and aesthetic standpoint. However, baldness frequently occurs and it is a -
known phenomenon that in particular men also become balder as they gect
older. This form of baldness is known as alopecla androgenetica. To date

5 it 1is not precisely known why certain parts of the scalp are susceptible
to this alopecia androgenetica and other parts are not. However, with
women 8s well it regularly occurs that the hair becomes thinner and even
threatens to largely disappear. For women in particular this is highly
undesirable from the cosmetic and aesthetic standpoint.

10 A known technigue for combatting baldness 18 to transplant hair.
With this procedure hair from a donor region covered in hair. which
frequently is located on the back of the head, is removed, including the
skin, and cut into small pieces, which usually then have only one to
three hairs. These pieces are then implanted in the bald region (receptor

15 region). A major disadvantage of Lhig mcthod is that it is at the cost of
thec donor region. Specifically, hair is removed from this region and this
hair does not return again, The transplahtation technique therefore
offers limited possibilities.

The aim of the present invention is to provide a technigue with

20 the aid of which bald patches can be provided with hair again., but which
does not have the disadvantages of hailr ctransplantation which have been
outlincd above. A further aim ol the invention is to provide a method
with which new hair growth on bald patches can be achieved in humans with
the aid of cultured hair follicle cells. A further aim of the invention

25 1is to provide a method which is relatively simple to carry out.

Said aims are achieved with the method according to the
invention, wherein hair is, ns it were, reproduced. Speciflically,
according to the invention the hailr is removed from a donor region in
such 8 way that new hairs come back in its place. whilst new hair

30 follicle cells are cultured from the hairg removed, from which cells, in

turn, new hair can form.

The invention therefore relates to a method for the reproduction

of hair, which method comprises the following steps:

(1) removal of halr in the anagen phase from one or more donor
35 regions in such a way that the bulb characteristic of hair in
the anagen phase is still attached to the hair removed.
(2) culture of hair follicle cells from the hair removed, under

circumstances such that the hair follicle cells are able to
multiply, and
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(3) implantation of the cultured hair follicle cells in the
receptor regions,

wherein:

- the hair in the anagen phase is removed by plucking hsir aut
of the donor region or the donor regions, followed by
gselection of suitable hairs in the snagen phase,

- the hair follicle cells are cultured in a culture medium which
is optionally supplemented with (a) at least one human mast
cell line and/or autologous {cultured) CD34’ cells, or (b) one
or more oxtracts of the human mast cell llne(s) and/or of the
CD34" cells and/or (c) growth-stimulating agents. and

- the cultured follicular hair cells and/or the autologous
(cultured) CD34' cells are implanted in the pores of the
receptor region.

Accarding to the invention, only one hair follicle cell or one
autologous {(cultured) CD34' cell or a combination of these two cells can
be introduced although a plurality of cells is usually mentioned in the
description.

The method according to the invention has the major advantage
that hair growth can be nchieved again on buld patches without this being
at the expense of the donor region.

Step (1) of tho method amaccording to the invention comprises the
removal of hair in the snagen phase from a donor region where such hairs
are located. As explained above, hair growth comprises three phases: an
anagenous, a catagenous and a telogenous phase. Only hairs which are in
the anagenous phese are suitahle for the method according to the
invention. Compared with hairs in the catagen and tclogen phases, such
hairs in thc anagen phase are characterized in that they have a
- requently pigmented- bulb of a shape characteristic for hairs in the
anagen phase at the bottom of the hair. This is generally known and to an
experienced eye a hair in the anagen phase is therefore also immediately
recognizable from the shape of the bulb. In the case of doubt the use of
a microscope can provide a definite answer. The removal of hairs in the
anagen phase can therefore be effected in various ways, as long as the
bulb characteristic of hairs in the anagen phase is still attached to the
hair removed.

The number of halirs in the anagen phase needed to culture a

suitable quantity of hair follicle cells is hardly subject to specific

limits since in principle an unlimited number of hair follicle cells can
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be cultured from a single hair. Specifically, subcultures can, in turn,
he cultured from the first culture and, in turn, several cultures can be
cultured from every subculture. In practice, 3 to 10 haoira in the anagen
phase will be emple. The hairs which ultimately are formed in the
receptor region from the cultured hair follicle cells assume the
characteristics of the hairs from the donor region from which the hair
follicle cells were cultured. Therefore, & region which is not
susceptible to alopecia androgenetica is taken as a suitable donor-
region. However, this is not essential.

Since the difference between huirs in the various growth stages
can be seen mogst clearly once the hairs have been removed, the hairs from
the donor region are removed by plucking halr out of the donor region and
selecting the suitable hairs in the anagen phase. Tweezers are, for
example, very suitable for plucking hair from the donor region.

In step (2) of the method according to the invention the hairs
are cultured from the hair removed, under conditions such that the hair
follicle cells are able to multiply. In principle, the hair follicle
cells can be cultured from the hairg by the known method. Culture media
for this purpose are available commercially and any associated growth
supplements are freely avallable. Such culture media are also termed
gserun-free keratinocyte culture media and usually contain ossential and
non-essential amino acids, vitamins, trace elements, organic constituents
and inorganic salts. Such culture media can also be combined with growth
supplements. which contain growth factors, hormones, antibiotics and
tissue extracts, such as, for example, BPE (Bovine Pituitary Extract).
insulin, hydrocortisone, HEGF (Human Epidermal Growth Factor), TGF
(Transformal Growth Factor)., L-cysteine, L-leucine and gentamicin.
According to the invention, particularly good results are obtained 1f, in
step (2) of the method according to the invention, use is made of a
culture medium which, in addition to the known culture media described
above, is optionally supplemented with one or more growth supplements.
and/or is supplemented with one human mast cell line and/or autologous
(cultured) CD3Y" cells (CD3Y positive cells) or one or more extracts of
the human mast cell line(s) and/or of the CD3!i' cells and/or growth-
stimulating agents. Preferably, only cultured CD34" cells are used
because these cells are native to the body. Human mast cells are known
per se. They contain varinus growth factors and are produced and consumed
in various different sites in the body. The extracts of the human mast

cell line and/or autologous (cultured) CD3/4° cells and/or growth-
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stimulating agents contain growth factors. However, to date such extracts |
of the human mast cell line and/or autologous {(cultured) CD34° cells
and/or growth-stimulating agents have not been used in media for
culturing hair follicle cells. A human mast cell line from which the
extracts can be used, is HMC-1 (Human Mast Cell line 1) or a cell line
derived therefrom, such es the subclones 5C6 and KU812. Mast cell lines
such as HMC-1 end subclones thereof are commercially available. According
to the invention, instead of mast cells, autologous (cultured) CD34"
cells or a combination of two or more of these cell types can be used.

The extracts of Lhe human mast cell line and/or autologous
(cultured) CD34* cells and/or growth-stimulating agents can very suitsbly
be introduced intoc the medium by adding at least one degranulating agent
to the serum-free keratinocyte culture medium containing the human mast
cell line, a subclone thereof and/or autologous (cultured) CD3U* cells
and/or growth agents. An inorganic salt can also be added to optimise Lhe
action of the degranulating agent. A suitable salt in this connection is
CaCl,. The degranulating agent then, as it were, cuts the mast cells
and/or the autologous (cultured) CD34' cells into smaller pieces
(degranulation). as a result of which the growth factors are released
into the medium. After degranulation, the residues of thoe mast cells
and/or the autologous (cultured) CD34* cells can be removed, for exumple
by means of centrifuging. The resultant, conditioned medium can then be
used to culture the hair follicle cells.

Degranulating agents are known per se and can roughly be divided

into three groups:
- hormones, such as ocestrogensgs and bradykinin,
- neurotransmitters and antigeuns, such as apitoxin, Substance P

and Ig E, and

- synthetic agents, such as Compound 48/80 end Ionophore A23187.
Those degranulating agents which are capable of degranulating the mast
cells optionally used are suitable for use in the method according to the

invention.
An alternative is first separately to prepare the extracts of the
human mast cell line and/or autologous (cultured) CD34* cells and/or

growth agents and to add these extracts as such to the serum-free
keratinocyte culture medium.

The conditions under which the hair follicle cells are cultured

in step (2) can vary substantially and are dependent on, inter alia, the
medium used. However, it has bheen found that the culturing of the hair
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follicle cells at a temperature of 30~-40°C, preferably in an incubator 50
that the temperature can be kept constant, in an atmosphere which is
gsaturated with water and which contains 3-10% by voclume CO, in addition
to the other customary constituents of eir in the customary quantities
gives good results. However, these conditions are in no way restrictive
and other conditions can therefore also be used. The culture period
varies per culture. usually from 1 hour to 40 days. In order to obtain a
good result, it is preferable to replace the medium by fresh medium every
2 to 5 days.

Step {2) of the method according to the invention can be carried
out in a single culture step, but can also be carried out in several sub-
steps by culturing subcultures from the initial culture or cultures. This
can be carried out by taking a sufficiently large number of hair follicle
cells from the main culture when the latter contains sufficient hair
follicle cells. The hair follicle cells from the main culture are
cultured in turn, preferably ~buL not necessarily~ in the same culture
medium us that in which the original main culture was cultured. In the
course of time it is possible, if desired, to culture yet further
cultures from said subcultures, etc. etc.

After the hair follicle cells have been cultured they must be
detached from the substrate on which they have bcen grown. This can be
carried out by the known methods, for example by making use of a trypsin
solution (0.1-0.5% by weight in water), optionally in combination with an
EDTA solution (0.01-0.05% by weight) in PBS (Phosphate Buffered Saline).
Such methods are known per se. Before the cultured hair follicle cells
are used in step (3). the mast cells and/or autologous {cultured) CD3/N"
cells can, if desired. be removed.

In step (3) of the method according to the invention, the
cultured hair follicle cells and/or autologous (cultured) CDP34' cells are
implanted in the skin in the receptor region. It has been found that very

good results are obtained when the cultured hair follicle cells and/or
autologous {(cultured) CD34’ cells are implanted directly into the pores

of the receptor region. I thc pores are difficult to see, which can.with
a prle skin colour in puarticular, the pores can be made more readily
visible by applying a (usualy yellow-coloured) liquid to the skin in the
receptor region, which becomes darker in colour in the positions where
the pores are located as a result of the secretion of the perspiration

from the swent glands present. in the pores. An example of such a liquid

is a 1-10% sclution of o-phthaldialdehyde in, for example xylene or ethyl
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ather, as described by L. Juhlin and W. B. Suelley in Nature, 28 January
1967, page H408.
Preferably a quantity of a guspension of cultured hair follicle

cells and/or autologous (cultured) CD34* cells is introduced into each

5 pore such Lhat said quantity contains sufficient hair follicle cells
and/or autologous (cultured) CD34' cells to allow a hair follicle to
develop from which a hair is able to grow. The number of cultured hair
follicle cells and/or autologous (cultured) CD34" cells needed to cause o
hair follicle to form is highly dependent on the degree of

10 differentiation or the growth poLential of the cultured cells. Naturally,
fewer cultured cells will be needed when the cultured hair follicle cells
and/or autologous {(cultured) CD34' cells have a relatively high degree of
differentiation than when the cultured cells have a relatively low degree
of differentiation. There are a large number of factors which influence

15 the degree of differentiation of the cultured hair follicle cells and/or
autologous (cultured) CD34' cells. For example, the medium used and the
culture time are factors which play a role. Preferably, a suspension of
the cultured hair follicle cells and/or autologous {(cultured) CD34' cells
in the medium in which said cells were cultured is used. The suspension

20 preferably has a hair follice cell concentration which is such that 0.01-
5 nul, preferably 0.1 to 0.5 ul, of suspension per pore can sufflice. A
spmall quantity such as this is preferably injected into the pore with the
ald of a metering device which is provided with a hollow needle,
preferably an 18 to 40 Gauche (G) needle. The metering device used can

25 be, for example, an electronic metering system for & pipette, a 18-40 G
needle being fitted on the end of the metering hose or of the pipette. In
the light of the average size of the pores in, in particular, the scalp,
it is preferable to use 8 hollow 34 G needle. However, smaller or larger
needles can also be used on other parts of the body. It is also possible

30 and preferable for the suspension to be injected with an (electronic)

repeating injection-metering apparatus such as an insulin pen. In that

case, 8 needle specially developed for the purpose, that is to say a
"follicle~-conducting needle”, is nlso used to introduce the cells ut the
desircd position and to damage the skin as little as possible. A

35 follicle~conducting needle is a needle which is flexible and minuscule
and also which the hair follicle can follow.

During the injection of the suspension, substances can also be

introduced at the samc time which keep the cells alive’ for longer.

Examples of such substances are Minoxidil and other growth-stimulating
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The invention also relstes to a method for culturing hair

follicle cells from hairs in the ansgen phase. one or more hasirs in the
anagen phase being placed in a medium which is supplemented with one
suitable serum-free keratinocyte culture medium and, cptionally,
supplemented with one human mast cell line and/or autologous (cultured)
CD34* cells or one or more extracts of the human mast cell line(s) and/or
of the CD34’ cells and/or growth-stimulating sgents. Tha way in which
such a medium can be obtained has alroady been dcscribed above.

As far as the preferences with regurd to the various constituents
of the medium to be used and to the culturing conditions are concerned,
these are the same as those for the medium and the conditions employed in
step (2) of the method already described above. Therefore, it is
preferable to use one mast cell line. a subclone thereof and/or
autologous (cultiured) CD34' cells and/or growth-stimulating agents.
Suitable conditions comprise a cullure temperature of 30-40°C in an
atmosphere which is saturated with water and contains 3-10% by volume of
Co,.

The invention also relates to a medium for culturing hair
follicle cells from hairs in the anagen phase and to a method for the
preparation of said medium. The medium according to the invention
comprises at loast one suitable serum-free keratinocyte culture medium,
optionally supplementéd with one human masi cell line wsnd/or austologous
(cultured) CD34° cells or extracts of the human mast cell line(s) and/or
of the CD34" cells and/or growth-stimulating agents. The sgspecial feature
of such a medium is, in particular. that it contains growth factors
originating from one or more human mast cell lines and/or autologous
(cultured) CD3/* cells.

A preferred medium comprises a serum-free keratinocyte culture
medium and extracts of the human mast cell line HMC-1 or a cell line
derived therefrom, such as 5C6 or KU812 or autologous {(cultured) cb3l-
cells., Further details on the constituents of the medium according to the

invention have already been given above.

The method for the preparation of said medium comprises the
following steps:

(a) addition of at least one mast cell line, subclone thereof
and/or autologous {(cultured) CD3}* cells and/or growth-
stimulating agents and optionally one degranulating agent,

optionally in combination with an organic salt, such as, for
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example, CaCl,, to a serum-free keratinocyte culture medium;

(b) degranulation of the mast cell line(s), subclones thereof
and/or autologous (cultured) CD34’' cells, so that the growth
factors are releuased into the medium; and

(c) optionally removal of the mast cells and/or autologous
(cultured) CD34‘ cells from the medium, for example by
centrifuging, after which the (conditioned) medium is
obtained.

According to the invention, the mast cells and/or the CD34° cells
and/or the residues thereof are renoved from the medium.

The conditions under which this method can be carried out ere not
particularly critical and will be cbvious to any person skilled in the
art. The degranulating ugent used in step (a) is preferably Compound
48/80 in combination with CaCl,.

Finally, the invention relates to a precursor medium for
culturing hair follicle cells from hairs in the anagen phase which medium
comprises at least one suitable gerum-free keratinocyte culture wmedium
and which is optionally supplemented with one human mast cell line and/or
autologous (cultured) CD3Y4’ cells or one or more extracts of the human
mast cell line(s) and/or of the CD34* cells and/or growth-stimulating
agents and/or at least one degranulating agent. Saild precursor medium can
be used as such for preparing therefrom a suitably conditioned medium for
culturing hair follicle cells from hairs in the mnagen phase. This can be
performed simply by carrying out the degranulation if both a human mast
cell line and/or autologous (cultured) CD34* cells is/are present as well
as degranulating egent. If one of the two is absent, that is to say the
mast cells and/or the CD34' cells and the degranulating ageut,
reepectively, the missing component must be first added before
degranulation of the mast cells can be carried out.
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Claims

1. Cesmetic method for the reproduction of hair, which method

coaprises the following steps:

(1) removal of hair in the aragen phese from one or amgre donor
ragions in such a way that the bulb characteristic of hair in
the anagen phase is still attached te the hair removed,

(2) culture of hair follicle cells from the hair removed, under
circumstances such that the hair follicle cells are able to
pultiply, and

(3) implantation of the cultured hair follicle cells in the

receptor reg.ons,

wherein

- the hair in the anagen prase i3 removed by poLucking hair cut of
the dorer region or the donor regions, followed by selection of
suitable hairs in the anagen phsse,

~ the hair follicle cells are cultured in a culture medium which
is optionally supplenented withk (a) at least one human mast
cell line and/cr autologous (cultured) CD3Y” cells, or (b) one
or more extracts of the human mast cell line(s) and/or of the
CD34* ecells and/or (¢) growth-gtimulating sgents, and

- the cultured follicular hair cells and/or the autologous
(cultured) CD34¢" cells are implanted in the pores of the
receptor region.

2. Method accerding to Claim 1, wherein the human mast cell line

is one mast cell line, a subclcne thereof and,/or autologous (cultured)
CD34" cells and/eor growth-stimulating agents.

1. Method acc¢ording to Claim 2, wherein the human mast cell line
is one hugan mast cell line and/or an autologous (cultured) CD34" cell
line.

4. Methcd according to one of the preceding claims, wherein the
hair follicle cells are cultured at a temperature of 30-40°C in an
atmosphere which is gaturated with water and contains 3-~10% by volume of
CO,.

5. Me-hod according to Claiam 1, wherein a quantity of a suspension
of cultured hair follicle cells and/or autologous (cultured) CD34" cells
ig introduced into each pore such that said quantity contains sufficient
hair follicle cells and/or autologous (cultured) CD34° cells to allow a
hair follicle to develop.

6. Method according to Claim 5, wherein the quantity of suspension
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introduced per pore is 0.01-5 nl.

7 Method according to Claim &, wherzin the quantity is 0.1-0.5
ud
8. Method according to one of Clains 5-7, wherein the 3uspension

is introduced intoc each pore individually via a metering pipette which is
provided with a hollow needle, preferably an 18 to 40 Gauche needle.

g, Method according to cone of Claims 5-7, wherein the suspension

is introduced via a repeating injection-gpetering apparatus,

10. Method according to Claim 3, wherein a follicle-conducting

needle is used.

AMENDED SHEET
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