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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 calls are able to multiply, and (3) implantation
of the cultured hair follicle celis in the receptor regions. Medium which comprises at least one suiteble serum—free keratinocyte culture
medium and is optionally supplemented with ane human mast cell line and/or autologous (cultured) CD34+ cells and/or growth—stimulating
agents and & 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 propsgatien of halr

The present invention firstly relates to a method for the
raproduction of hair. The invention aiso relates Lo a methed for
culturing hair follicle cells from anagenetic hairs in the anegen phase,
to a medium that is highly suitable for culturing hair follicle cells, to
a method for the preparation of guch a medium and to a precursor medium.

A method for the reproduction of hair is disclosed in Europaan
Patent Application 0 236 D1l. in which epidermal follicle cclls of the
desired hair type ere removed from the scalp skin of a patient. The
epidermul follicle cells are then cultured in a culture medium which
preferably contains growth facters. In m subsequent atep, an opening is
made in the epidermis of the palient's scalp and, via said opening. the
cultured epidermal follicle cells are introduced into the dermis next to
the epidermis. The disadvantage of this methed is that it comprises en
invasive method aﬁd that the cells nre not placed directionnlly, s &
result of which many cells are necessary and the probability of
regeneration of hair is much lewep., In this method, use 18 also not made
of autologous (cultured) CD34" cells,

The esgential growth structures of hair are the so-cnlled hair
follicles, whicth are prasent in the skin. The hair lolliele cells or
keratinocytes reproduce from Lhese hair folliclas 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 and resilient material which
is known as heir. The growth cycle of hair cen be subdivided into three
phases: the anagen phase or growth phase, the catagen phase or transitory
phase end the telogen phase or dying phase. The hair follilcle is unique
becouse of the cyclic nature of hair formetion and holr growth.
Specifieglly, the hair follicle is the only part of the body to have a
growth nucleus, fros which new hairs can be produced after removal of the
old hair.

It is known thar hair follicle cells from plucked humnn hair can
be cultured. It is also known that it 1s pessible uslng such cultured
cells to form a differcntiated epidermis or a fully developed epidermis,
both in vitro and in wivo. Cultured halr follicle cells from mice can
stimulate hair growth when said cells are implanted into test animals,
However, to date it has not proved posgible to achieve new hair growth in
humans in those locations where there is undesmirably né (longer any) hair

with the nid of cultured autoclogous heir follilcle cells.
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People usually find beldness to be undesirable from the cosmetic
and aesthetic standpaint. However, baldness frequently occurs and it is a -
known phenomenon that in particular men also bscome balder as they got
glder. This form of baldness is known as alopeclia androgewnetica. To date
it is not precisely known why certain parts of the scalp ere susceptible
ta this alopecia androgenetice and other parts are not. However, with
women a9 well it regularly occurs that the hair becemes thinner and even
threatens to largely disnppear. For women in particular this iz highly
undesirnhle from the cosmetic and mesthetic standpoint.

A known technigue for conbatting baldness 1s to transplant hair.
With this pracedure hair from a donor region covered in hair, which
freguently 15 located on the back of the head, is removed, including the
gkin, and cut into soall pleces, which usually then have only one to
threa hairs. These pleces are then implanted in the bald region (receptor
region). A major digadventage of thig method is thet it is at the cost of
thc donor region. Specifically, hair is removed from this region and this
hair does not return agein. The transplantation technique therefore
offers limited pomaibilities.

The aim of the present invention is to provide a technique with
the ald of which bald patches can be provided with hair again., but which
does not have the dissdvantages of hair traonsplantetion which have been
outlined above. A further aim of the invention is to provide a methocd
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 inveation
is to provide e method which is relatively simple to cerry out.

Said aims gre achieved with the method according to the
invention, wherein hair is, os it were, reproduced. Specilically,
according Lo the invention the halr is removed from & donor region in
such r way that new hairs come back in its place., whilst new hailr
follicle cells are cultured from the hairs removed, from which cells, in
turn, new hair can form.

The invention therefore reletes to a method for the reproduction
of hair, which method comprises the follaowing gsteps:

(1) resoval of heir in the anagen phase from one or more danor
regions in such a wey thot the bulb characteristic of hair in
the apagen phase is still ettached to the hair removed,

(2) culture of hair fellicle cells from the beir removed, under
circymstances such that the hesir follicle oells are sble 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 1s removed by plucking huir out
of the donor reglon or the donor regions, followed by
selection of suitable hairs ih the enagen phase,

- the hair follicle cells are cultured in a culture medium which

is opticnally supplemented with (a) at least one human mast
cell line and/or autologous {cultured) CD34* calle, or {b) cne
or more oxtracts of the human mast cell line(s) snd/or of the
€D34" cells and/or (c) growth-stimulating agents. and

- the cultured follicular hair cells and/er the autologous
{cultured) CDI4' calls are implanted in the pores of the
receptar reglon.

According to the invention, only one hair fpllicle cell or one
autolegous {cultured) CD34' cell or & comblnation of these two cells can
be introduced although a plurality of cells is usually mentioned in the
deecription.

The method according to the invention has the major advantage
that heir growth can be wchieved sgain on bald patches without this being
at the expense of the donor region.

Step (1) of the method asccording to the lnvention comprises the
removal of hair in the snagen phase from a donor region where such hairs
are located. As explained asbove, hair growth comprises three phases: an
anagenous, &8 cetagenous and A telogenous phese. Only heirs which are in
the anagenous phase are suitable for the method according to the
invention. Compared with hairs in the catagen and telogen phases, such
haire in the 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 iIs generally known and to an
experienced eye a hair in the enagen phase 13 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 remcoval of haire in the
anagen phase can therefore be effected in various ways, as long a6 the
bulb characteristic of hairs in the anagen phase is still attached ko the
hair removed,

The number of hairs in the anagen phese needed to culture a
suiteble quantlty of hair folliecle cells is hardly subject to specific

limits since in principle an unlimited number of halr follicle cells can
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be cultured From B single heir. Specifically, subcultures can, in turn,
be cultured from the first culture and. in turn, several cultures can be
cultured from every subculture. In practice, 3 to 10 hairs in the anagen
phese will be ample. The hairs which‘ultimately are formed in the
receptor regicn from the cultured hair follicle cells sssume the
characteristics of the hairs from the donor regicon from which the hair
follicle cells were cultured. Therefore, a region which is not
susceptible to alopecia androgenetica is taken as a suitable donor-
region. Howsver, this is not essential.

Since the difforence between huirs in the various growth stages
can be sesun most clearly once the hairs have been removed, the halrs from
the donor region are removed by plucking hair out of the donor region mnd
selecting the suitable hairs in the anagen phase. Tweezers are, for
example, very suitable For plucking hair from the donor regien.

In step (2) of the method nccording to the invention the hairs
sre cultured from the hair removed, under conditions such that the hair
follicle cells are able to multiply. In principle, the hair follicle
cells cen be cultured from the haira by the known method. Culture medis
for this purpose are availeble commercielly and any sssociated growth
supplements are freely availsble. Such culture media mre also termed
serun-free keratinocyte culture media and usually contain cssential and
non-essential amino ncids, vitmmins, trace elements, arganic constituents
and inorganic salts. Such culture media can also be conbined with growth
supplements, which contmin growth factors, hormones, antibiotica and
tissue extrects, such aa, for example, BPE (Bovine Pituitary Extraet).
insulin, hydrocortisone, HEGF (Human Epidermal Growth Fector), TGF
(Transformal Orowth Factor). L-cysteine, L-leucine and gentamicin.
According to the invention, particularly good results are cbtained 1if, in
gtep {2) of the method aceording to the invention, use is made of a
culture medium which, in addition to the known culture media described
aebove, 1s cptionally supplemented with one or more growth supplements.
and/or is supplemented with one human mast cell line and/or autologous
(cultured) €D3W" cells (CDI positive cells) or one or more exktracts of
the human mast cell line(s) and/or of the CD3!* cells and/or growth-
stimulating agents. Preferably, only cultured CP3l™ cells ere used
because these cells are native to the body. Iluman mast cells are known
per se. They contain various growth factors and ere produced and consumed
in varicus different sites in the budy. The extracts of the human mest

cell line and/or autologous {cultured) CD3Y" cells and/or growth-
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stimulating agents contein growth factors. However, to date Such extracts
of the human wmast cell line and/or autologous (cultured) CD3Y* cells
and/or growth-stimulating agents have not been used in media for
culturing hair follicle cellg. 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 therefram, such as the subclones 5C6 and KUB12. Mast cell lines
such as HMC-1 end subclenes thereof are commercially available. According
to the invention, instead of mest cells, autologous (cultured) CD3Y”
cells or a combinetion of two or more of these cell types can be used.

The extracts of the human mast cell line and/or autologous
{cultured) CD3U° cells and/or growth-stimuloting sgents cen very suitably
be introduced into the medium by adding at least one degranulating agent
ta the serum=free keratinacyte culture medium containing the human mast
c¢ell line, a subelone thereof and/or autologous {(cultured) CD34* cells
and/or growth agents. An inorganic salt cen also be sdded tu optimise Lhe
action of the degranulating agent. A suitable selt in this connection is
CaCl,. The degranulating agent then, as it were, cuts the mast cells
and/or the autologous (cultured) CD3Y' cells into smaller pieces
(degranulation). as & result of which the growth factors sre releesed
into the medium. After degranulation, the residusa of the mast cells
and/or the autologous (cultured) CD34* eells can be removed, for exumple
by means of centrifuging. The resuyltant, condivioned 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 osstrogens end bradykinin,

neurotransmitters and antigeus, such as epitexin, Substance P
and Ig E, and

synthetic egents, such as Compound 48/80 and Ionocphore A23187.
Those degrenulating agents which are capeble of degranulating the mast
cells optionally uged are sultmble for use in the method according to the
invention,

An alternative is first separately to prepare the extracts of the
huran mast cell line and/or eutologous {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) cen vary substontially ond ere dependenl on, inter amlia, the

medium used. However, 1t has heen found that the culturing of tha hair
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follicle cells at a temperature of 30-40°C, preferably in an incubstor so
that the temperaturs can bg kept constant, in an atmosphere which is
saturated with water and which contains 3-10% by volume CO, in addition

to the other customary constituents of air in the customary gquantities
gives good results. However, these conditions are in no way restrictive
and other conditions can therefore also be used. The cylture pariod

varies per culture. usually from 1 hour to U0 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 inwvention cen be carried
out in a single culture step, but can also be carried out in several sub-
steps by culturing subcultures from the initiel culture or cultures. This
can be carried out by teking a sufficiently large number of hair follicle
cells from the main culture when the latter contains sufficient hair
fallicle cells. The hair follicle cells from the mein culture are
cultured in turn, preferably -bulL not necessarily- in the same culture
wedium s 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 sald subcultures, ote. etc.

After the hoir follicie cells have bsen cultured they must be
detnched from the substrate on which they have been grown. This can be
carriad out by the known gethods, for exumple by making wse of a trypsin
solution (0.1-0.5% by weight in water), optionally in combination with en
EDTA solution (0.01-0,05% by weight) in PBS {Phosphate Buffered Saline),
Such metheds are known per se. Before the cultured heir follicle ecells
are used in step (7). the mast cells and/or autologous (cultured) CD3I°
cells can, if desired. be removed.

In etep (3) of the method according to the invention. the
cultured hair follicle cells and/or sutologous [cultured) €N34* cells are
implanted in the skin in the receptnr region. 1t has been found that very
good results are ebtained when the cultﬁrad hair follicle cells mnd/or
autologous {cultured) CD3Y4" cells are implanted diractly into the pores
of the receptor region. If the pores are difficult to see, which can_with
a pale gkin colour in particular, the peres can be mede more readily
visible by applying s (usualy vellow-tcloured) liquid to the gkin 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 sweat glands present in the pores. An example of such a liquid
is a 1-10% sclution of o-phtheldiatdehyde in, for exsmple xylene or ethyl
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ather, as described by L. Juhlin and W. B. Suelley in Neture. 28 January
1967, page 408.

Preferably a quantity of a guspension of cultured hﬁir follicle
cells and/or autologous (cultured) CD34* cells is introduced into each
pote such Lhat said quantity containg sufficient haif 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 cyltured hair
follicle cells and/or autologous {cultured) CD34" cells needed to cause B
hair folliele to form is highly dependent on the degree of .
differentiation or the growth potentisl of the cultured cells. Naturally,
Fewer cultured cells will be nseded when the cultured hair follicle cells
and/or sutologous {culturad) CD34' cells have a relatively high degres of
differentiation than when the culiured cells have a relatively low degree
of differentiation. There are a large number of fectors which influence
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 heir follicle cells andfor autologous (cultured) CD3#" cells
in the medium in which said cells were cultured is used. The suspension
preferably has & halr follice cell concentration which is such that 0.01~
5 pl, preferably 0.1 to 0.5 pl, of suyspension per pore can sufflice. A
small quantity such as thls Llx preferably injected into the pore with the
aid of & metering device which 13 provided with a hollow needle,
preferebly an 18 to 40 Gauche (G} needle. The metering device used can
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 pipotto. In
the light of the average size of the pores in, in particular, the scalp,
it is prefersble to use » hollow 34 G needle. However, smasller or larger
needles can also be used on other parts of the body. It is also possible
and preferable for the suspension to be injected with an {electronic)
repeating injection-metering apparatus such as an ingulin pen. In that
case, a needle specially developed for the purpose, that is to say a
"follicle-conducting neadle", i3 also used to introduce the cells at the
deaircd position end to damage the skin as little as possible. A
follicle-conducting needle is & needle which is flexible and minuscule
and also which the hair follicle can follaw.

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 nre Minoxidil and other growth-stimulating
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The invention alsoc reletes to & method for culturing hair
follicle cells from hairs in the anagen phase. one or more hairg in the
enagen phase being pleced in & mediuﬁ which is supplemented With cne
suitable serum-free keratinocyte culture medium and, optionslly,
supplemented with one human mast cell line and/or eutologous (cultured)
CD3U* cells or one or more extracts of the human past cell line(s) and/or
of the CD34* cells and/or growth-stimulating agents. Tha way in which
such a medium can be obtained has alrondy been doscribed shove.

As far as the preferences with regurd to the vorious constituents
of the madiun to be used and to the culturing conditions are concerned,
thesa are the same as those for the medium and the conditions employed in
gtep (2) of the method alresdy described abave. Therefore, it is
preferable to use ong mast cell line, a subclona thereof and/or
autologous {(cultured) CD34" cells and/or growth-stimulating egents.
Suitable conditions comprise & cullure temperature of 30-430°C in an
atmosphere which is saturated with water and contains 3-10% by volume of
Co,.

The invention also relates to s medium for culturing hair
follicle cells from hoirs in the anagen phase and to & method for the
preparation of said medium. The medium according te the invention
comprises at least one suitable serun-free keratinocyte culture medium,
optionally supplementéd with one humtn mast ¢ell line and/or autologous
(evltured) CD34* cells or extracts of the humen mast cell line{s) and/or
of the CD34' cells and/or growth=-stimulating agents. The special 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
{eulturad} €D3N" cells.

A preferred medium comprises a sarum-free keratinoeyte culture
medium and extracts of the human mest cell line HMC-1 or a cell line
derived therefrom, such as 5C6 or KUB12 or mutologous (cultured} CD3#”
cells, Further details on the constituents of the medium according to the
invention have alresdy been given above.

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

{a) addition of &t least one mast cell line, subclone thereof
and/or sutologous (cultured) CD34* cells and/or growth-
stimuleting agents and optionally one degranulating aogent,

optionally in combination with an organic salt, such as, for



WO 98/474T1 PCT/NLS8/00129

10

15

20

25

9

example, CaCl,;, to a sarum-free keratinocyte culture medium;

{b) degranulation of the mast cell line(s), subclones thereof
and/or autologous {cultured) CD3U' cells, sc that the growth
factors are releused into the medium; and

{c) optionally removal of the nast cells and/or autologous
{cultured) CD34' cells from the medium, for example by
centrifuging, after which the (conditioned) medium is
obteined.

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

The conditions under which this method can be corried out are not
particularly critical and will be obvious to any person skilled in the
art. The degranulating umgent used in step {a)} is preferably Compound
48/80 in combination witly CaCl,.

Finally, the invention relates to a precursor medium for
culturing heir follicle celis freom hairs in the anagen phase which medium
comprises at least one suitable gerum-free keratinocyte culture medium
and which is optionally supplemented with one human mast cell line and/or
autologous {cultured) CD3UY' cells or cne or more extracts of the human
mast cell line(s) andfor of the CD34' calls endfor growth-stimulating
agents and/or at least cne degranulating amgent. Said precutsor medium cun
be used ms such for preparing therefrom a suitably conditioned medium for
culturing hair follicle cells from hairs in the anagen phase. This can be
performed simply by carrying out the degranuletion if both a human mast
cell line and/or autologous (cultured) CD34* cells is/are present as wall
as degranulating agent, If one of the twa is absent, that is to say the
mast cells and/or the CD34' cells end the degranulating agent,
respectively, the missibhg component muat be first added before

degranulation of the mast cells can be carried out.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

L Cosmetic method for the reproduction of hair, which method -

comprises the following steps:

)] removal of hair in the anagen phase fom one or more doror regions
in such a way that the bulb characteristic of hair in the anagen phase is still
attached to the hair removed,

@ culture of hair follicle cells from the hair removed, under
circurmstances such that the hair follicle cells are able to multiply, and

€)] implantation of the cultured hair follicle cells in the receptor regions,

wherein:

- the hair in the anagen phase is removed by plucking hair out of the
donor region or the donor regions, fallowed by selection of suitable hairs in
the anagen 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 extracts of the
buman mast cell line(s) and/cr of the CD34” cells and/or (c) érowth—
stimulating agents, and ‘

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

2. Method according to Claim 1, whetein the human mast cell line is

one mast cell line, a subclone thereof and/or autologous (cultured) CD34™ cells and/or

growth-stimulating agents, ‘

3. Method according to Claim 2, wherein the human mest ceil line is

-one human mast cell line and/or an autologous (cultured) CD34" cell line.

4, Method 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
saturated with water and contains 3-10% by volume of CO,,

S. Method according to Claim 1, wherein a quantity of a suspension of
cultured bair follicle cells and/or autclogous (cultured) CD34" cells is 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.
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8. Method according to Claim 5, wherein the quantity of suspension
introduced per pore is 0.01-5 pl.

T Method according to Claim 6, wherein the quantity is 0.1-0.5 pl.
3 Method according to one of Claims 5-7, wherzin the suspension s

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

9. Method according to one of Claims 5-7, wherein the suspension is
introduced via a repeating injection-metering apparatus.

10. Method aceording to Claimn 9, wherein a follicle-conducting needle is
used,

11. Use of hair follicle ceils cultured from hair in the anagen phase as

active component in the preparation of an injection suspension, for the reproduction of
hair, said hair being removed from one of more donor regions in such a way that the
bulb characteristic of hair in the anagen phase is still attached to said hair and said hair
being removed by plucking hair out of said donor reglon or donor regions followed by
selecting suitable hairs in the anagen phase, said bair follicle cells being cultured from
said suitable hairs in the anagen phase under circumstances such that the bair follicle
cells are able to multiply and said hair follicle cells being cultured in a culture medium,
said culture medium being optionally supplemented with (a) at least one human mast
¢ell line and/or autologous (cultured) CD34* cells, or (b) one or more extracts of the
human mast cell line(s) and/or of the CD34™ cells andfor {c) growth-stimulating agents.

12. Use according to claim 11, wherein the human mast cell line is one

© mast cell line, a subclone thereof and/or autologous (cultured) CD34™ cells and/or

growth-stimulating agents, -

13, Use according to claim 12, wherein the human mast cell line is cne
hutnan mast cell line and/or an autologous (eultured) CD34* cell tine.
14, Use according to anyone of claims 11-13, wherein the hair follicle

cells are cultured at a temperature of 30-40° in an atmosphere which is saturated with
water and contains 3-10% by volume of CO,.
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