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FROM HUMAN PLURI POTENT STEM CELLS FI ELD OF THE | NVENTI ON 5The present

i nvent i onwoebai®s2000 ex vivo et hods for lobtaini ng populpatrirppei 1052504 man
mel anocytes derived from human pluripotent stemcells. BACKGROUND OF THE
| NVENTI ON Mel anocytes are pignent-producing cells responsible for
coloration of skin, 10 eyes, and hair. In vertebrate devel opnent,

mel anocytes originate fromthe neural crest and undergo a conpl ex process
of fate-specification, proliferation, mgration, survival, and
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15  melanosomes are transported along the dendrites and transferred to growing hair, or
surrounding keratinocytes to play a critical role in protecting human tissues from the
deleterious effects of sun’s light ultraviolet (UV) radiations that cause DNA damages
and tissues cancer. Over the past 10 years, several genes have been associated with
pigmentary disorders involving melanocytes. Those disorders can be classified in 3

20  types. First, diseases affecting the development of melanocytes from the neural crest
(piecbaldism, Waardenburg syndrome and dyschromatosis symmetrica hereditaria),
second, diseases with defects in melanin synthesis (albinism) and third, disorders of
melanosome maturation or transfer (Hermansky-Pudlak syndrome, Chediak-Higashi
syndrome and Griscelli syndrome) (Rose PT et al). Interestingly, although a lot of

25  efforts have been made to better understand about the function and regulation of
mature melanocytes, very little is known with regard to the molecular and cellular
mechanisms involved in melanocyte development and differentiation from

embryonic precursors in the Human.

30 Transformation of somatic cells with a set of embryonic transcription factors
produces cells with the pluripotent properties of embryonic stem cells (hESCs).
These induced pluripotent stem (hiPSCs) cells have the potential to differentiate into



WO 2011/ 1042002PCT/ EP2011/ 052504 any cell type, making them a potenti al
source fromwhich to produce cells as a therapeutic platformfor the

t r eat mentwof2oa/mismbe range of di seases. A2 a proof of comcemp2efi/o5izes

t herapeutic benefits of those cells, it was denonstrated that hi PSCsderived
bone marrow cells could reverse the sickle cell anaem a phenotype in a 5

sui tabl e humani zed nouse nodel . | nduction of nelanocytes in vitro was
first reported by Yamane et al (1999), who cocul tured nouse enbryonic stem
cells on nono | ayers of the stromal cell |line ST2 during 21 days in nedium
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cells u5|ng a 0CO nce, there is still a need in the art

for novel nethods for generating human nel anocytes from human pl uri potent
stemcells. 20 SUWARY OF THE | NVENTI ON: The invention relates to an
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be derived from hESCs using human embryoid bodies in the absence of feeder cells

using a combination of the proteins inducers named Wnt3a, endothelin-3 and SCF.

15 However, there is no report in the prior art of a method for generating human

melanocytes from human pluripotent stem cells using a 2D protocol.

Hence, there is still a need in the art for novel methods for generating human
melanocytes from human pluripotent stem cells.
20
SUMMARY OF THE INVENTION:
The invention relates to an ex vivo method for obtaining a population of
human melanocytes derived from human pluripotent stem cells comprising the step
a) consisting of co-culturing human pluripotent stem cells with cells that support
25  ectodermal differentiation in the presence of an agent that stimulates epidermal

induction and an agent that stimulates terminal differentiation of keratinocytes.

The invention also relates to an isolated substantially pure homogenous
population of human melanocytes derived from human pluripotent stem cells

30  obtainable by the above method.



WO 2011/ 1042003PCT/ EP2011/ 052504 The invention also relates to a

phar maceuti cal conposition conprising the substantially pure honogenous
popul at i omoahiimesmn nel anocyt es derived fr om human pl ur ppotereé11s5mm cel | s
descri bed above and optionally a pharmaceutically acceptable carrier or
excipient. 5 In a further aspect, the invention also relates to the

i sol ated substantially pure honogenous popul ati on of hunman nel anocyt es
derived from human pluripotent stemcells or the pharnmaceutical conposition
as descri bed above for use in a nethod of treatnent. 10 The invention
al so rel ates to aThetihoutioh aoerstatéenty a phammeacctkiah cembstiiionutemposipg ithd ng a
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accordi ng tohihani IVEepstbRNst@n deells CRBGIRHI dMdvOTanar §ptiodhing adpReREtatican, of
human 15keratino§étes.‘ Further, the invention relates to a human skin
substit ut e olbeespHal @i arlfecipi®nhod descri bed above and to its use in a

met hod of5treatnent. 20l n anot her aspect, the invention relates to a nethod
for screening conmpounds for a given biological effect on human nel anocytes

conprising the st eps f@iker aspect, the invertiohadlion@laads tb3id BbREISUbSIMAllyuky pure
honmogenous popul ati on of human_nel anocytes derived from human_pl uri pot ent
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mel anocytes in the presence or absence of said test conpound. The

i nvention al sieathelnat es to the use of an isolated substantially pure
honogenoi$ popul ati on of human nel anocytes derived from human pl uri pot ent
stem 30cet|ls or of a human skin substitute as defined above for screening

conpounds. The invention also relates to a method of preparing a human skin substitute
comprising a step consisting of providing an isolated substantially pure homogenous
population of human melanocytes derived from human pluripotent stem cells
according to the invention and a consisting of providing a population of human

15  keratinocytes.

Further, the invention relates to a human skin substitute obtainable by the

method described above and to its use in a method of treatment.

20 In another aspect, the invention relates to a method for screening compounds
for a given biological effect on human melanocytes comprising the steps of:

1) incubating an isolated substantially pure homogenous population of human
melanocytes derived from human pluripotent stem cells as described above in the
presence or absence of a test compound;

25 i) comparing said given biological effect in the population of melanocytes in

the presence or absence of said test compound.

The invention also relates to the use of an isolated substantially pure
homogenous population of human melanocytes derived from human pluripotent stem

30  cells or of a human skin substitute as defined above for screening compounds.



WO 2011/ 1042004PCT/ EP2011/ 052504 DETAI LED DESCRI PTI ON OF THE | NVENTI ON:

The present invention relates to an ex vivo nethod for obtaining a

popul at i onoahiimeman el anocytes derived ffr om human pl ur ippoiEPRé1185EM cel | s
conprising the 5 step a) consisting of co-culturing human pluripotent stem
cells with cells that support ectodermal differentiation in the presence of
an agent that stinulates epidernmal induction and an agent that stinulates
termnal differentiation of keratinocytes. The term "nel anocyt es”
has its general neaning in the art. It refers to the 10pi gnented
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culture surface ers to every

surface or mattodynslidifibkatifton @ette fidhdndt eof dhagémrtimd’ @tﬁhﬁlafaslépﬂeﬁemal
surface" includes but is not limted to tissue culture plate, dish, well or
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of the culture plate, dish, well or bottle. The cell culture surface is
conpatible with the coating of derm s fibroblasts. 25As used herein, the
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inactivated RUHRE tﬁ@rrﬁbﬁltdcrin@r obltBSt@fferent stages of differentiation of the human
15  pluripotent stem cells into human melanocytes. The method of the invention can
therefore be useful for screening compounds that interfere (positively or negatively)

with this differentiation process.

The expression “cell culture surface” or “cell culture matrix” refers to every

20  type of surface or matrix suitable for cell culture. The term “cell culture surface”
includes but is not limited to tissue culture plate, dish, well or bottle. In a particular
embodiment, the culture surface is plastic surface of the culture plate, dish, well or

bottle. The cell culture surface is compatible with the coating of dermis fibroblasts.

25 As used herein, the expression “cells that support ectodermal differentiation”
refers to cells that provide an appropriate substrate and which secrete appropriate
factors to support the growth and the differentiation of human pluripotent stem cells.
In a particular embodiment, cells that support ectodermal differentiation are selected
from the group of fibroblasts, more particularly of human and mice fibroblasts and

30  more particularly of dermis fibroblasts. In a particular embodiment, the cells that
support ectodermal differentiation are mitomycin-inactivated or irradiation

inactivated human dermis fibroblasts.



WO 2011/ 1042005PCT/ EP2011/ 052504 I n one enbodi nent, of the invention,
the cells that support ectodermal differentiation are feeder fibrobl asts.
5As used Weneim4tohe expression "feeder fibroblasts" rebperspe@miosishs that
serve as a basal layer for pluripotent stemcells and provide secreted
factors, extracellular matrix, and cellular contacts for the maintenance of
stemcells in the undifferentiated state wi thout | osing pluripotency.
Feeder cells can be inactivated by gamm irradiation or mtonycin.
According to an enbodi nent of the invention, the feeder 10 fi brobl asts may
be fromthe group of fibroblasts, nore particul arIy of human fi brobl asts
and nore particularly of derm s fibpoblasts, dermis fibrobl
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As used herein, the term “dermis fibroblast” refers to a population of cells
that synthesizes and maintains the extracellular matrix of dermis. Specific markers of

20  dermis fibroblasts include vimentin and FAP (fibroblast activation protein).

According to an embodiment of the invention, the cell culture surface is
selected in the manner that dermis fibroblasts may naturally adhere on it. Various
materials of cell culture surface may be selected. Examples of such materials include

25  but are not limited to plastic tissue culture dishes or dishes coated with gelatine.

As used herein, the expression “agent that stimulates epidermal induction”
refers to an agent that is capable of inducing the expression of epidermal markers
such as keratin 8 and keratin 18. Typically an agent that stimulates epidermal

30  induction inhibits trophoblast and mesoderm induction.



5 Factor 6: G-FD-6) (Moreau et al., 2004). In a preferred enbodi nent the
agent that stinulates epidermal induction is selected fromthe group

consi sti ngoab1iBvR08, BVP-4, BMP-7, Smadl 0 Smad5, Smad7 aouw/mER16s25hn a
preferred enbodi nent, the agent that stinulates epidermal induction is
BMP-4. 10The term "BMP-4" refers to Bone norphogenetic protein 4. BMP-4 is
a pol ypeptide belonging to the TG--f3 superfam |y of proteins. An exenplary
native BMP-4 am no acid sequence is provided in GenPept database under
accessi on nunber AAC72278. 15In one enbodi ment, the agent that stinulates
epi der mal i nduct i dmaimriselacndgdimom thheggridhp tonditss emdemial BMaction BVP- 4,
BMP-7, Snadl, .S Smad7 and GED- 6. In a .preferred enbadjnment,
oai d agent -t EECES Fai GIF et Bionis ma of Bensdvipmioputts PhEns Boefas BT
concentr at i olBNP-4BIMA-BMPEY, Maéptorl-Fe@MafbdAntiMroRink (st Rrsrihd3NEnMd § endl 000

ng/mL. In a particular enbodi nent the concentration of BWP-4 is 0.5nM
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differentiation in 3D culture. In one (ﬁ)arti cul ar enbodi ment, the agent that
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group consi st 0g of ASEAIRIGiRAHA 'Rdﬂf%t'%ﬁtié Bofpcg aci d. - WO

2011/ 1042007P%§?EP£811}3%5%§8%% "he term "dscorbic acid' refers to

(R) -3, 4-di hydroxy-5-((S)- 1,2- dihydroxyethyl)furan-2(5H)-one which has the

forrmla% . HO 3y ) . . .
The term “BMP-4” refers to Bone morphogenetic protein 4. BMP-4 is a

polypeptide belonging to the TGF-B superfamily of proteins. An exemplary native

BMP-4 amino acid sequence is provided in GenPept database under accession

number AAC72278.

15 In one embodiment, the agent that stimulates epidermal induction is selected
from the group consisting of BMP-2, BMP-4, BMP-7, Smadl, Smad5, Smad7 and
GFD-6.

In a preferred embodiment, said agent that stimulates epidermal induction is
20 BMP-4. The concentration of BMP-4 may vary from 0.02 nM to 77 nM or 0.3ng/mL
to 1 000 ng/mL. In a particular embodiment the concentration of BMP-4 is 0.5nM.

As used herein, the expression “agent that stimulates terminal differentiation

of keratinocytes” refers to an agent that stimulates the expression of keratin 5 and

25  keratin 14. Indeed, keratin 5 and keratin 14 are markers of the basal keratinocytes
which are capable of terminal differentiation in 3D culture. In one particular
embodiment, the agent that stimulates terminal differentiation of keratinocytes is

selected from the group consisting of ascorbic acid and retinoic acid.

30 In a preferred embodiment, said agent that stimulates terminal differentiation

of keratinocytes is ascorbic acid.



5According to an enbodi nrent of the invention, the concentration of ascorbic
acid my vary from0.01 mMto 1 nM In a7particular enbodi nent the
concent r avoaniofo4mscor bic acid is 0.3 nM As pas@2h@nsisns t he
term "human pluripotent stemcell"” refers to any human 10precursor cel

that has the ability to formany adult cell. In a particular

enbodi nent, human pluripotent stemcells include but are not limted to
human enbryonic stemcells (hES cells) or human induced pluripotent stem
cells (hiPS cells). 15 In a preferred enbodi nent, said human

pl uri potent stem dékl derar e “sisvrbinedcidi t mefats d@st@ﬂéi4dﬁudmnmdhﬁﬁ}enhﬁyos.

As used herei t he enmbr.ygn or "hES cells" or
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adul t ceII. hES cells are derived fronlﬂeytlllzed enbryos that are |ess
than one week ol d. According to an enboghnent_of the invention, hES

cells may be selected fromany hES gell Vi | es of hES cell Ilnes
include but are not limted to, 25 SAO1l, VUB Qlﬂ WAO1 (H1) (Thonson JA et
al 1998), and WAO9 (H9) (Amit Met al. 2000)/ According to the invention

hES cells are not previously di fferentiat&fin eilyoi d bodi es as descri bed
in Fang et al (2006). WD 2011/ 1042008PCT/ EP2011/ 052504 As used
herein, the term "human i nduced pluripotent stemcells” or "human i PS
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human enbryoni.c stem c in5 the ability to formany adult cell, but are
not derived PfBIFPEHC ﬂgﬂ% 3™Ini cal ly, a human induced pluripotent stem
cell may be obtained through the induced expression of COct3/4, Sox2, Kif4,
and c-Myc genes in any adult somatic cell (e.g. fibroblast). For exanple,
human i nduced pl ufspstéherest, éhﬁ teesin| "“humay pheipeiinisteet cal cefeds trgartyohurhan

2[ 22033'185 %?esc%rrsbpgeqlt?e{th l% 111tytci)<for%%anayaduit ceH7) by Yu et al. (2007) or

In a particular embodiment, human pluripotent stem cells include but are not
limited to human embryonic stem cells (hES cells) or human induced pluripotent
stem cells (hiPS cells).

15
In a preferred embodiment, said human pluripotent stem cells are obtained

without destruction of human embryos.

As used herein, the term "human embryonic stem cells" or "hES cells" or
20  “hESCs” refers to human precursor cells that have the ability to form any adult cell.

hES cells are derived from fertilized embryos that are less than one week old.

According to an embodiment of the invention, hES cells may be selected

from any hES cell lines. Examples of hES cell lines include but are not limited to,

25 SAO01, VUB-01, WAO1 (H1) (Thomson JA et al 1998), and WA09 (H9) (Amit M et
al. 2000). According to the invention hES cells are not previously differentiated in

embryoid bodies as described in Fang et al (2006).



10 any other protocol in which one or the other agents used for
reprogramming cells in these original protocols are replaced by any gene or
protein awoiog/omoor transferred to the somatic cells arctrier@miogisns of the
iPSC lines. Basically, adult somatic cells are transfected with viral
vectors, such as retroviruses, which conprises Cct3/4, Sox2, Kif4, and

c- Myc genes. 15 According to an enbodi nent of the invention human i PS
cells my be selected fromany human i PS cell lines. Exanples of hunman i PS
cell lines include but are not limted to clones 201B (Takahashi et al.,

2007) and hi PS ( Fdweskd hprepy, thavRe® ‘hvmaetindiced pRopplent @m cells” or “human
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hurman skith ALY GUEE PGS it WD e ESPBEY sgatised Gt dSPasEeRRESa T b
mel anocyt e defidsgiofBfmhPro c_%[sheer'rQﬂE‘déH%ty'an S8 QF dRJiSin actifd 6 Or LAn@BYed

t
pat hol ogy or disease in Whi ¢ there is"a lack of “functional nelanocytes.
This can be duthetsomatidetilcitgheprigm afltbe dy hees. Besiedbargulf symativecedlyardhesi s

of nelanin, to eficjency in the devel nent and/or proliferatj nd/ or
Survrval of endrdE pELVIEY Veliol Rt R e BB R oot S5 ot o
deficiency, ®IfbEIBMR gends.sorders involving nmel anocytes, include, but are

not limted to, diseases affecting the devel opnent of nel anocytes fromthe
neural ci®est (piebal dism Waardenburg syndrone and dyschromatosis

symetrica heredi tAacE&%)r%g U 36236 50dihbA) gfgftlfech?vehﬂo%%uﬁﬁkaﬂ’isnca)/snhﬂ‘;%es
(al binism, disorders off nelanosone maturation or transter
( Her mansky- Pyelkéakd syntanyrieyma@hPslicelk titsg8sihplsy ofiiana i@8deBlinsciclude but
syndrone) and vitil.igo. Typical“y step . a) .is carried out in a base culture
medi um suppl @FfeRPleimigd to”Clones 2 IB (Takahashi et al., 2007) and hiPS (Foreskin) or
IMR90 (Yu et al., 2007).
20
Alternatively, hES cells or human iPS cells may be selected from master cell
banks that may be constituted in a therapeutic purpose. In a preferred manner, hES
cells or hiPS cells may be selected to avoid or limit immune rejection in a large
segment of the human population. Typically hES cells or hiPS cells are HLA-
25 homozygous for genes encoding major histocompatibility antigens A, B and DR,
meaning that they have a simple genetic profile in the HLA repertory (Nakatsuji N et
al, 2008 and Taylor C et al 2003). The cells could serve to create a stem cell bank as
a renewable source of cells that may be suitable for preparing melanocytes for use in

cell therapy of pathologies associated with melanocyte deficiencies.

30



20 agent that stinulates epidermal induction and an agent that stinul ates
termnal differentiation of keratinocytes. Suitable base culture nedi um can
be for exwopbeayieionmedi um (3:1 nixture of? Dul becco's noacfiredoiEagises s
medi um (DVEM and Hamls F12 nedia), and 10%fetal calf serum suppl enented
with 5i.tg/nL insulin, 0.5 ps/nL hydrocortisone, 10-10 nol/L chol era
toxin, 1.37 ng/nL reconbinant 25 epidermal growh factor. In one

enbodi nent, the base culture nediumis free of aninmal-derived substances.
In a preferred enbodi nent, the base culture nmedium consists essentially of
synt heti ¢ conpoundis angtherppuielgarafmbmdmaentohimgam plnigoisat gem catly aryageyus| vy,

30 said culture medi um,can be. used for culturin ells accordi ng.to good
manuf act ur i g B G i ek s t1UHEY O sRededetiatd eem can
be replaced hyd MRRiciBAhbRioRthatas Chihack fo a YeR@icdisdke of tROBIman Bkikovel |
et al., 2006 and in Liu Y et al., WD 2011/10420010PCT/ EP2011/ 052504 2006.

N2B27 conprises DMEM F12 and Neurobasal nedia in a 1/1 ratio, N2 suppl enent

(1/100), B27 SUpplAr%rpmﬁée?:fd b0 N REG R TRLAARIRE! MDAk Nt WRanddyed S

avai |l abl e; for exa er reference rom

Sci ences UK Ildeficiefcies”, or “pigntvnitidardiesriad?, netiirs 16l Whiy ngatisdlegy ay dirkBsdoén
carried out in.a base culture nediumin the presence_of an agent. that

stimul ates epider ihare isriduek pbimsHana ielgracytes hBRis sen Beldye de ardefigichay in
differentiatign gﬂ%¥xh&f %E&é’é%%tﬁﬁ 8 iindsPe oPT GERRGS B aa@ef?c_gegﬁg higeh
I Il I gen

stinmul ates the erentiation of nelanocytes. Typically, sa t 10

whi ch st i nul dtedoprhentdnd/bepehidratidnomdafr smethanhof yelnocyes. be sel ected from

t he grou%%ﬁonsisting of WNT fam |y protein (such as wit3a), stemcells
factor ( ) and endothelin 3 (EDN3) (Fang et al, 2006). These proteins are

i nvol ved in the dhaa{h%ro%qgsiaéédc&@ecﬂ‘mﬁh@ﬁamcy@r&%ehey,mr9Wnegy<a%&c&rs The
Wit famly of proteins’induced neural cells and pignented cellS formation

in mce. The imvdeng emolinddytespehednds ybws aien nahilimiled thadiseases déketoigehe i n
ei t her EDN3

r i,ts receptor, suggests that thi at h is. crigfical .in the
devel oprent OPYATPT € dltaBEVIS o oWe i atyel Epul el WadidEnbltt
syndrome and dyschromatosis symmetrica hereditaria), diseases with defects in
15 melanin synthesis (albinism), disorders of melanosome maturation or transfer

(Hermansky-Pudlak syndrome, Chediak-Higashi syndrome and Griscelli syndrome)

and vitiligo.

Typically, step a) is carried out in a base culture medium supplemented an
20  agent that stimulates epidermal induction and an agent that stimulates terminal
differentiation of keratinocytes. Suitable base culture medium can be for example
FAD medium (3:1 mixture of Dulbecco’s modified Eagle’s medium (DMEM) and
Ham’s F12 media), and 10% fetal calf serum, supplemented with 5 pg/mL insulin,
0.5 pg/mL hydrocortisone, 10™"° mol/L cholera toxin, 1.37 ng/mL recombinant

25  epidermal growth factor.

In one embodiment, the base culture medium is free of animal-derived
substances. In a preferred embodiment, the base culture medium consists essentially
of synthetic compounds, compounds of human origin and water. Advantageously,

30  said culture medium can be used for culturing cells according to good manufacturing
practices (under “GMP” conditions). Typically, the serum can be replaced by N2B27
medium, as described in Ying et al., 2003, in Lowell et al., 2006 and in Liu Y et al.,



In vitro studi es show that EDN3 pronotes the proliferation, survival, and
20 differentiation of nelanocyte precursors. Miutations in KIT (encoding the
SCF recepyvoridosmot af f ect specificati ohlof mel anocyt e peirmraga/obasbs i nst ead
hanper nel anobl ast survival at |ater devel opnental stages. In particular,
SCF/KIT signaling is essential for mgration, proliferation, survival, and
differentiation of the precursor nel anobl asts. 25 Wht 3a si gnal ing
determ nes nel anocyte fate of neural crest cells, EDN3 contributes towards
cell fate, and SCF pronotes proliferation/survival of the conmtted

progeni t or s. 280Ach@dBa7 myntpwisesh&®MEYERT3 and Neurabaspl oredpotrent 14t stmoceNd s

e per rod SRt Pa o Ge Ripeftid S sh PRt e Ened CBI M it e
cel | popul at ih0fifbleS@brtbx@MPRE Sndr rof¥¥ondDILE IWIHARBOILRET FERA Ul HzR4UK

pi gmented cell population are easily identified by the skilled person by
bare eye, wi tidut the use of a nicroscope. According to a
particul ag enbodi ment, step a) is carried out for at |east 35 5days,
preferably at |east 40 days, even nore preferably at |east 45, at |east 50,

at least 55, at | @&aahotGé; er@bodig@nt, dabng atepl Hagh bélcadiedbul Bas baséScudi@ys .
Typically, step.a).is carried out for_ at nost 120 days, preferably at nost
100 Angiyn & thegresspceadl anmageninhaltingateespifaaial mdygliqnsgy)dangagent

popul a0 SATAIE Ao LI JCRUAIRE, By 1l Gk gl
"isol at ed" r efertswhiohastmalliteorthe dftpedtativorofomeabdyges. Typically, said agent
10  which stimulates the differentiation of melanocytes can be selected from the group
consisting of WNT family protein (such as wnt3a), stem cells factor (SCF) and
endothelin 3 (EDN3) (Fang et al, 2006). These proteins are involved in the
differentiation from neural crest to pigmented cells. The Wnt family of proteins
induced neural cells and pigmented cells formation in mice. The absence of
15  melanocytes in animals that are deficient in either EDN3 or its receptor suggests that

this pathway is critical in the development of neural crest-derived melanocyte

populations.

In vitro studies show that EDN3 promotes the proliferation, survival, and

20  differentiation of melanocyte precursors. Mutations in K/7T (encoding the SCF
receptor) do not affect specification of melanocyte lineage but instead hamper
melanoblast survival at later developmental stages. In particular, SCF/KIT signaling

is essential for migration, proliferation, survival, and differentiation of the precursor

melanoblasts.
25
Wnt3a signaling determines melanocyte fate of neural crest cells, EDN3
contributes towards cell fate, and SCF promotes proliferation/survival of the
committed progenitors.
30 According to the invention, human pluripotent stem cells (e.g. hES cells or

human iPS cells) are cultivated during step a) for a time period sufficient for

allowing the apparition of clones of pigmented cell populations. Said clones of



whi ch has been separated fromat | east some conponents of its natural

envi ronnent . A further object of the invention relates to an

i sol at ed wohstiamtioal | y pure honogenous pbébul ation of huwem/mrediansmys es
derived from human pluripotent stem 20cells obtainable by a nethod as above
descri bed. The term "substantially pure honogenous popul ati on", as
used herein, refers to a population of cells wherein the majority (e.g., at
| east about 80% preferably at |east about 90% nore preferably at |east
about 95% of the total nunber of cells 25have the specified

char act eri st ipegnafed badl pepulstony trescastly idengfiedtby the skilleflrpessos badi ayent ,
the isolated s bstﬁgtialé% pur e honogenous popul ati on of hunman nel anocyt es
according to"! gt P h™HASRTEPE f ew nel anogenesi s genesis that are
differently regul ated conpared to adult nel anocytes as assessed by Tagman
30array. WD 2011/10420012PCT/ EP2011/ 052504 I'n one enbodi nent, when
human i PS cel | s adecomslaw tor hpaitisplapeadodigat. &80 @) Isycapiadeordnb ge leesis35

n 1PS cel . oy .
Fr Bns genes ( P eh ag ol Rt BFo ST Qede by Iyl el 4 PR E 18

step whi ch t gekatptac60,hetcastesshielpasdy) or Adeak df dgyst o a further enbodi nent,
step a) can be followed by the follow ng steps: b) isolating a pignmented
cell fromthe population of cells obtained in step a); c) culturing said

isolated cell in Ry I ate gl erdred g 1 hereiNiod he
term"isolating", q&ﬁ%n&’%?égr ilﬁé t(fc)aglhce({i(l%l in cu%(% S%Yes'io\ﬁrregeﬁggg tcl%ﬁ)ltsﬂeod
cloning of sdayk.cell, i.e. the fact of separating said cell from other
cells in,culture in order to establish a novel clone. Typically, step b)

can be c&ried out using standard techni ques known to the person skilled in
the art of cell cw FHiRr object of t’h@_iﬁ&b%ti@ﬂ*?él@ﬂ_eé‘%f”am &M bepliatdnngr Bl b)

can conprise cell dissociation using nechanical and/or enzymatic treatnent.
Typi cal |y, saidanospatenvedsrem himanapluopetpnti ssem actls ebtamehle by & mathgdad n.

above described.

15 As used herein, the term “isolated” refers to a cell or a population of cells

which has been separated from at least some components of its natural environment.

A further object of the invention relates to an isolated substantially pure
homogenous population of human melanocytes derived from human pluripotent stem

20  cells obtainable by a method as above described.

The term “substantially pure homogenous population”, as used herein, refers
to a population of cells wherein the majority (e.g., at least about 80%, preferably at
least about 90%, more preferably at least about 95%) of the total number of cells

25  have the specified characteristics of the melanocytes of interest.

In one embodiment, the isolated substantially pure homogenous population of
human melanocytes according to the invention, have a few melanogenesis genesis
that are differently regulated compared to adult melanocytes as assessed by Taqgman

30 array.



20Typically, said isolation step b) can further conprise the seeding of the
i sol ated pignented cell on an appropriate cell culture surface. As
used her ewo,20ti@4d0er m "appropri ate cul t ut® nedi unt' ref epsTRP281053504Ir €
medi um that contains nutrients necessary to support the grow h,
proliferation and 25survival of a particular cell population. I'n
particul ar, an appropriate culture nmediumfor human nel anocytes, also
termed "nel anocytes culture nedium is a culture mediumthat contains
nutrients necessary to support the growth, proliferation and survival of
human mel anocyt es In 80 diypodimichty whan heinam oty ¢adls aceiitedr e nwditedhsubs@otiaing t o

the i nvention ma}(l consi st forla{%jia%lﬁ of 254CF nedi um auppjige nt ed t\M’th
growt h fact oP¥™( 'AVPEFEYRAPY 117184 ERAITTROB254 Vet on
Typically, a'&oﬁﬁﬁ&@ﬁﬁﬁs%b@e GHliEvas MBdidueadsiid @il eelfsQiurskeRe %r@&ﬁﬁmgﬂg to
the invention is devoid of BMP-4 and ascorbic acid. he human

mel anocyt es @EP Wiheh ok ptagabriard sicpabe honobgenous popul ation of 5 human
mel anocytgs) of the invention can be used for several types of

applications, which include, but are not limted to: 1) cell therapy
of pignentary di s@icdeddingoo aSkirthed @abalivdent2dted bpSdhebeefotibwee biy nigs fdlywing
reconstituting human skin substitutes; 3) cellular nodels useful for

phar macol ogi €&PS-and t oxi col ogi cal studies; 104) studying the nechanisns of
[T eat mont of THeT AR P R R O PP ARF S or sk
| esi ons 15The) sulhsingrhidabdiyted acleinhonappespoias quitprd mtdiom. of human nel anocyt es
10
As used herein, the term “isolating”, when referring to a cell in culture, refers
to the cloning of said cell, i.e. the fact of separating said cell from other cells in
culture in order to establish a novel clone. Typically, step b) can be carried out using

standard techniques known to the person skilled in the art of cell culture.

15
In one embodiment, said isolating step b) can comprise cell dissociation using
mechanical and/or enzymatic treatment. Typically, said isolation step b) can
comprise a treatment with trypsin.
20 Typically, said isolation step b) can further comprise the seeding of the

isolated pigmented cell on an appropriate cell culture surface.

As used herein, the term “appropriate culture medium” refers to a culture
medium that contains nutrients necessary to support the growth, proliferation and

25  survival of a particular cell population.

In particular, an appropriate culture medium for human melanocytes, also
termed “melanocytes culture medium” is a culture medium that contains nutrients
necessary to support the growth, proliferation and survival of human melanocytes.

30  Typically, a melanocytes culture medium according to the invention may consist for

example of 254CF medium supplemented with growth factors (Invitrogen).



derived from human pluripotent stemcells obtained according to the nethod
of the invention may be then suitable for_ use in therapy. Over the past 10
years, sewenali/gemes have been associ ate#3with pi gment argTa®20diosmoger s

i nvol ving el anocytes. Those disorders can be classified in 3 types. First,
di seases affecting the devel opnent of nel anocytes fromthe neural crest

(pi ebal di sm Waardenburg syndrone and dyschromatosis synmetrica
hereditaria), second, diseases with defects in nelanin synthesis (albinism
and third, disorders of nelanosone maturation or transfer (Hermansky-Pudl ak
syndrone, Chedi ak-Tsbigadhian2ppropyiagraitarcancli@ni ssgable iforsspepde)cree)rding to the

I nt eresti ngl al.t hough I f, efforts. have been nade to better

under st and a%BGPLWhE‘%ﬁ%@fﬁgﬁdgﬁ&mﬁéﬁﬁFéf@8W~of mat ure nel anocytes, very
little is knowmn with regard to the nol ecul ar and cel |l ul ar nechani sns

i nvol ved in mel anocyte devel opnent and differentiation from enbryonic
precursors in the Thamsman mghipoytes (@4hoeisaatitlbPpae hoomeeous populagt ebver

aystemhad duPFATAARRALED, APk nARhR STk Yoo AR EHES IRRLE Al

produce the ek ptigdetut ielmoiimiede depi gnment ed skin becones

phot osensitive on the exposed areas of the skin, |eading to redness and
bur ni ng on sun exposylBerapygépEnsgtasn dispglersygiskindggignt | “and duration of
vitiligo, conventhop h t DI RRLESutH S QP Bak,R0d systenm c
corticosteroids, tgp?%ggﬁgnﬁﬁﬁﬁhgﬁéﬁgﬁgﬁé,%gﬁﬁﬁbﬁbtg%%grggg are not al ways
successful, and répcghmtraddetrusctul 6drtpharmavotrgidaébted tok®ological Sudigs;cal

met hods come inportant in cases.where nedical  therapy fajls to. cause
[ epi gman?@u on or W AU ¥agdhomeekg gt o MYy it g lﬂs%tbfgwg&%
surgery is excell eRbapchii@tadp@sd! for Hid t(RGLALR oPinchitodacal treatnent is
aut ol ogous grafting of viable nelanocytes from pi gnented donor skin to
recipient vitiliginous areas. Various 15grafting nmethods have been

described in EQ' rtiﬁ) e cnﬁftsxgngacgluqlgr.grafts. Stability of the
disease is t ' i a successful outcone.

Therefore the invention relates to a pharnaceutical conposition conprising
a substantially pure honbgenous popul ati on of human nel anocytes derived
from 20 haman pl udibposubrstanyalbm vt | koredgenpies ipepelation nofahygmept mskabeyes

phar maceuti call,y. AGGENLADlS 18&5@&? 1@ ECHRARRE nod ’Pdi‘ﬁg% %enmg{m?%'f%é]t s, 4
pharnaceut|caF conposi ti on ‘may trther conprise gt-9east” one bi o ogically
acti ve subst aneetion mai badlidnwaithisie f@ruse in therapy.

Over the past 10 years, several genes have been associated with pigmentary

20  disorders involving melanocytes. Those disorders can be classified in 3 types. First,
diseases affecting the development of melanocytes from the neural crest (piebaldism,
Waardenburg syndrome and dyschromatosis symmetrica hereditaria), second,
diseases with defects in melanin synthesis (albinism) and third, disorders of
melanosome maturation or transfer (Hermansky-Pudlak syndrome, Chediak-Higashi

25  syndrome and Griscelli syndrome). Interestingly, although a lot of efforts have been
made to better understand about the function and regulation of mature melanocytes,

very little is known with regard to the molecular and cellular mechanisms involved in
melanocyte development and differentiation from embryonic precursors in the

Human.



25As used herein, the term"pharmaceutically acceptable carrier or
excipient" refers to a carrier nedi umwhich does not interfere wth the

ef f ect | vewes1ofo4tone bi ol ogi cal activityldf the progeni pormrediimss2sand whi ch
is not excessively toxic to the host at the concentrations at which it is
adm ni stered. Exanples of suitable pharmaceutically acceptable carriers or
exci pients include, but are not limted to, 30water, salt solution (e.g.,
Ringer's solution), oils, gelatines, carbohydrates (e.g., |actose, anyl ase
or starch), fatty acid esters, hydroxynethylcellul ose, and polyvinyl WO
2011/ 10420015PCT/ Begodvet 052890 ispy deipiigreent®hpataimoeuhé ckih. Bormeosi whansharay be
formulated as _|iquids, sem-liquids (e.g. el s r solids (e.qg. trix,
ot oes.  scapruthey Samannaeriived = kil MRlaibeits ReRm S isgReli 1
active subst apsRcOtheiafapichieat hagh@r* S5 refers to any nol ecul e or conpound
whose presence in a pharnmaceutical conposition of the invention is
beneficial to the subject receiving the conposition. As will be

acknow edged by o skiJ led. i.n.t r i ctiV s or
bi oact i vegf act or s@ﬁictéglﬁlk’g%egrs%ggeﬁaoﬁﬁ Shéeﬁog(lrsg%tltﬁ\gée!%ft I‘?let %’?Og?cgg%%§ %gglgeent ion
may be found skin, Radingdeo walhtstand durdiggoh s@sexqlosirt opeidndbgronl tRe ulpese-aad,
conpounds. For 10 exanpl e, a biologically active substance or bioactive
factor usef u@ng qugaggn ggmtlél%@, gmvenongl @@éﬁﬁl eRpRISE SH #PegPisal A YEIEWEE f r om
anti-infla t i i e , il PRL.ESS] V.
munondul ar s AgeRs  CBR R A R T ok Bk

rel at ed aspectcoo$sftlhand mpmntcntimion & atasntan@glerwet hod for treating a subject
suffering.froma pathol ogy associated with nel anin deficiencies, said

met hod ¢ Qrprisi ng a step of admnistering to the subject an efficient

amount of a subst gpidid 'detl%&s%e@&ﬂ@gﬁﬁﬁxrﬂﬁnﬁgl%hﬁeéw&% RledMMBRrF5! BIOGRYT €S
or a

derived from human pluripotent stemcells of the invention (
phar maceut i cahussappgsicniaom g0mhasesodl)scgmental vifggo sddrentbe a¢spongete stiegery

"subject” refers to nmal , . preferabl . hunman .bei.n t hat .can .suffer

from pat hol od - ws LSk TRt wHRUR: A Sedalep i g S ealy B P BRI BN e

pat hol ogy. 2%nelanocytes from pigmented donor skin to recipient vitiliginous areas. Various
15  grafting methods have been described including tissue grafts and cellular grafts.

Stability of the disease is the most important criterion to obtain a successful outcome.

Therefore the invention relates to a pharmaceutical composition comprising a

substantially pure homogenous population of human melanocytes derived from

20  human pluripotent stem cells of the invention and optionally a pharmaceutically
acceptable carrier or excipient. In certain embodiments, a pharmaceutical
composition may further comprise at least one biologically active substance or

bioactive factor.

25 As used herein, the term “pharmaceutically acceptable carrier or excipient”
refers to a carrier medium which does not interfere with the effectiveness of the
biological activity of the progenitor cells, and which is not excessively toxic to the
host at the concentrations at which it is administered. Examples of suitable
pharmaceutically acceptable carriers or excipients include, but are not limited to,

30  water, salt solution (e.g., Ringer’s solution), oils, gelatines, carbohydrates (e.g.,

lactose, amylase or starch), fatty acid esters, hydroxymethylcellulose, and polyvinyl



In the context of the invention, the term”treating” or "treatnment”, as
used herein, refers to a nethod that is ainmed at del aying or prevent| ng the
onset of wopanhmhmgy, at reversing, alleV?ating, inhibi®ecmgrshosisng down
or stopping the progression, aggravation or deterioration of the synptons
of the pathology, at 30 bri ngi ng about aneliorations of the synptons of the
pat hol ogy, and/or at curing the pathology. WO

2011/ 10420016PCT/ EP2011/ 052504 As used herein, the term"efficient
anount” refers to any anount of a substantially pure honogenous popul ation
of hunman nel@mud@@e§*denmmedaﬂKnnmhmﬁamsphuﬂkdbneﬂawéuedkm@hlsmnbhmads

phar maceuti cal conpositi.on thereof) hat fficie o0 achi eve the
i ntended pur pH8ess F SOthI’@‘?eg ’slf}?)tgf‘aqu Y5t |S§P Bﬂa (g!fpﬁgg(ﬁﬁjus popul ati on of
human nel anocytes derived from human pluripotent stemcells (or a

phar maceuti cal conposition thereof) of the invention may be adm nistered to
a subj ect using ary wail thatsie theetend bialogigalbe petiicnsubabansi arebicactivg faeteat nent

accordi nagt o LBE R SR LMNART hOLHELIET  SOTPTASERPNAT gRb pRLERLY

|nnunosuppreSS|ng Pior to i e cel ase

Met hods for hbmpss{ﬁéreﬁfmeqhvér@ml is IbaTe o0 WP Pl Susbijn rédeivingg te] @Giipositenwel |
known in the art, 15Effective dosages_and adm nistration regi nens can be

readi |y det e Wldboickgenled ﬁ%cabwpe ﬁlﬁ%lé@‘ ﬂrbﬁlet?é%@wl%cacll?eaqﬁla?@v@twe% fle
pat hol ogy of bﬁ«%@t&&@c‘?&& suftiifle e LsedBPER r%hc% &UﬁﬁQ res%Lt &%ﬁ%én{ ClLéJd' ng,

but not limt {he extent of the synpt ons of e pat hol ogy an ext ent
of damage or foegemen avidonvaoftyt b fatrnmsau@f (hloamngann@iéculm arcbsd)mpwmﬂs For

characterjstics of t subj.ect (e. bod 20gener al
heal t h, Wa eranpleye plologiedly -ea&WnC?% bw%w“ﬁé %&%f ﬁ@fwflwg of

i nvention Ca@h@ﬁrek&@%\leﬁné’n HESFhﬁ%fe@{edtﬁ&ﬁfahtﬂgnﬂﬁnmeha@én%' - Qﬁ‘ép’io@d“d
p| gmentary genodermatosis. 25Typically, the human mel @nocytes of

i nvention caﬁg@és,usemun%uapm‘{’ﬂ)@rf onmuraaedubgork agerte s prscdanys, gTOWTh
est abl i shi ng rrel a d epi derm s which resenbl es the human skin

physi ol ogy ( Aret hed patients, |leg ulcer such as diabetic skin
ul cerations and sickle-cell anema...).

15 A related aspect of the invention relates to a method for treating a subject
suffering from a pathology associated with melanin deficiencies, said method
comprising a step of administering to the subject an efficient amount of a
substantially pure homogenous population of human melanocytes derived from

human pluripotent stem cells of the invention (or a pharmaceutical composition

20  thereof).

As used herein, the term “subject” refers to a mammal, preferably a human
being, that can suffer from pathology associated with skin damage, but may or may
not have the pathology.

25

In the context of the invention, the term “treating” or “treatment”, as used
herein, refers to a method that is aimed at delaying or preventing the onset of a
pathology, at reversing, alleviating, inhibiting, slowing down or stopping the
progression, aggravation or deterioration of the symptoms of the pathology, at

30  bringing about ameliorations of the symptoms of the pathology, and/or at curing the

pathology.



30The human nel anocytes of the invention may also be used in order to
provi de insight onto the nechani sns involved in skin pignmentation

di sor der swoizncil/eaiong genetic di sorders ah@ phot osensi t i PCrgEP201052504

2011/ 10420017PCT/ EP2011/ 052504 2) Ti ssue engi neering - reconstituting human
skin substitutes The human nel anocytes derived from human pluripotent stem
cells 5 obtainable by the nethod as above described are able to
recapitul ate all norphol ogi cal and functional attributes of primary human
mel anocytes. |Indeed, the inventors denpnstrated that said cells are able to
produce and secr et nedahdéraint Khodegm fellmmos omesint Widersi toconpenauet ofrt o a

3D or ganot ypi temw th human keratinocyt t he re able to

parti ci pat o PIPYHGR YT ihsmosF S By R et o TS BeRaoRredodilalion s.
The subst ant ihghlay RUffotBRNRSANSUE P PHIpAkineiteRficah WaBposEbANAEKbOSthdeld ved
from human pluripotent stemcells of the invention may be al so suitable for

prepari ng hurgiicsi 1o ashisye theupwadedyavpetcageousl y, the human skin
substitutges 15according to the invention are nel ani sed skin substitutes.
The substantially pure honogenous popul ati on of human nel anocytes derived
from human pl uri pahentutstagtialtel puse cHorhdi@nouiy @puRtoMeYyr hamanphaiinecdyted one
or in conbination with other cells, and/or in combination w th other
bi ol ogi cal | y do0veschromdumapphpipolint plemgeHs £or aplarpaccyticr)sommesifipp thepro
appr eci at ed Ski it rd, gkn% ol ogically
active facto?g?Epgggéﬁgé%gg%ﬁwg?ﬁggﬁﬁﬁ§ageﬂggﬁﬁnlst ﬁgggg?%ﬁ theously or
sequentially with the cells of the invention. Typically, the substantially
pure honﬁgenous popul ati on, of. human 25 nelanocytes ccording to t

o]

e
i nventioh’may be iHBTEH BYOPHIEB DT HEHMER! AR eURdR RISTaY { SES}?IbE‘f‘ihﬁf or der
to reconst r ughmdr MBRARRR SIS im%o%ﬁﬂqrgs%gltgptﬁé %Qllﬁebtnptrid}ecoamftia{‘iﬁg\f@e in

what ratio to conbine said cells. Typically, the nel'anocyte to keratinocyte
rati o can varcyll{esodeisentment. Methods for the systemic or local immunosuppression of a

subject are well known in the art.

15 Effective dosages and administration regimens can be readily determined by
good medical practice based on the nature of the pathology of the subject, and will
depend on a number of factors including, but not limited to, the extent of the
symptoms of the pathology and extent of damage or degeneration of the tissue or
organ of interest, and characteristics of the subject (e.g., age, body weight, gender,

20  general health, and the like).

Typically, the human melanocytes of the invention can be used in a method

for treating pigmentary disorders and pigmentary genodermatosis.

25 Typically, the human melanocytes of the invention can be used in a method
for treating skin lesions, by establishing a melanised epidermis which resembles the
human skin physiology (severely burned patients, leg ulcer such as diabetic skin

ulcerations and sickle-cell anemia...).

30 The human melanocytes of the invention may also be used in order to provide
insight onto the mechanisms involved in skin pigmentation disorders, including

genetic disorders and photosensitivity.



30 1:100, according to the desired result. In a preferred enbodi nent, the
human nel anocytes according to the invention are used in conbination with
ker ati nocwbestiimsmor ati o that varies betheen 1:3 and 1: POT/EPYER1/052504

2011/ 10420018PCT/ EP2011/ 052504 Ker ati nocytes useful for carrying out
such a nmet hod can be any keratinocytes of human origin capabl e of
reconstituting a human epiderms. They nay be primary keratinocytes

i solated froma hunman skin sanple. Alternatively, they may be 5

kerati nocytes derived from human pluripotent stemcells. Typi cal ly,
t he keratinocytes may be derived from human pluripotent stemcells

according to the hod descri.bed in noy et al. 2 0t9. 10Ful |
stratification angihéﬁlﬂ%&ké%\ﬁﬂ&%ﬁ%ﬁ%s % S ¢ M—Mﬁgﬁ—ﬁ 5 “ocytes can be
achi eved by the use of three-dinensional organotypic culture nethods

(Doucet 0, et al. 1998 ; Poumay y. et al. 2004 ; Gache Y. et al. 2004). For
exanpl e, when i n \iher Buman t melgoaftesh eainodk eframi hogipne dlugtpotant astem| jcghls d

interfacez a hj def ed rat e . o) 1 enei n,

the term 5or Sgﬁg{&b%i goglcﬁh u?lgﬁloge?grago%%g gggichﬁeeje- &lgerrgbrllgi gongffi’c ?@g‘&g %ﬁl ture
wher e cul t ur egbrpledlbSicalrad UasdiohelCatituidscdl prinhdrs Sutha@rmeagantdsnNindedd, @he | N a
particul ar enbodi nent, human skin substitutes according to the invention 20

may be gener &8ss dgmepstiabed thy prlisels are ableglo. prodoee any)|seeiete Byelanin

kerati nocyte h]%% t i

cells may be%mal t%?%ggggfﬁsnwegg%@%(%&%%?ﬁ?? eﬁ)rrg%ih %ﬁ?@ﬁggﬁ%ﬁéﬁ%he%afh 1.5
nmv CaCl2 and kbf@tingéynds, abheprdecalsdei . pitteipd |is dree fexposedof o trheanized
air-liquid interfac .renpving the culture medium for 10 days. 25

In a par?&culp lsgﬁ%fg?ff%éﬁiﬁn}“ﬁ(er atinocytes are seeded on a cell culture
matri x popul ated with human derm s fibroblasts before providing an
organotypic culture of it as above described. This particular technique

al | ows obt ai ni ng dhhusshstagkilly suivstidaruegsnois glepelotipr | sle siuthen nivelaandytes

epi dermis. S%%rr}vead ggﬁﬂl%%larlrla ur?;?otgn%rs{e%{ Ereelfis of the invention may be also suitable for

preparing human skin substitutes. Advantageously, the human skin substitutes

15  according to the invention are melanised skin substitutes.

The substantially pure homogenous population of human melanocytes
derived from human pluripotent stem cells of the invention may be implanted alone
or in combination with other cells, and/or in combination with other biologically

20  active factors or reagents, and/or drugs. As will be appreciated by those skilled in the
art, these other cells, biologically active factors, reagents, and drugs may be

administered simultaneously or sequentially with the cells of the invention.

Typically, the substantially pure homogenous population of human
25 melanocytes according to the invention may be implanted in combination with
human keratinocytes in order to reconstruct a human epidermis. The skilled person in

the art knows in what ratio to combine said cells.

Typically, the melanocyte to keratinocyte ratio can vary between 1:1 and
30  1:100, according to the desired result. In a preferred embodiment, the human
melanocytes according to the invention are used in combination with keratinocytes in

a ratio that varies between 1:3 and 1:20.



30 through the protocol as described by Del Riro M et al. (2002) or
Larcher F. et al. (2007). For exanple, keratinocytes nmay be seeded on a
fibrin mawoizeipepebated with [ive derm s1ibrobl asts. Opgamebypios2soul t ur es
are then grown subnmerged up to WD 2011/10420019PCT/ EP2011/ 052504
keratinocyte confluence, and finally maintained at the air-liquid interface
for 7 days to enhance stratification and differentiation of the epithelium
Typically the human skin substitute of the invention conprises a 5
pluristratified epiderms which results fromthe in vitro-derived culture
of the substantially pure honbgenous popul ati on of human nel anocyt es
derived from huma | uri poten em cel | s as above descri bed, together with
numn ker at i nocyt SertReRSh T thE s Sy et RATHICEE ek iL A Ehel | a.
In a parti cub@hy@aRedbiEnpablt BE rdtdnRAuGkd N heMBS bhidbings OThdyhBay BY BAMaAN NMBY
conprise a nelanized pluristratified 10epiderm s as above described and a

derm s. kerpriapefiesr esokptedifionera dypeat sian saRwle. ndbampdyely.ethey egiay oba
met hod Ofspr%%'{iw%c& c{%ﬁg&gfr%}ﬂh&‘ﬁgﬁﬁﬂé@%ﬁ ERPAfSing a step consisting of
atlon O umanmﬁ I’IO({

provi di nga popu es derived from human pl uri pot ent
stemcell s as descri bed above 15 and providing a popul ati on of human

ker ati nocytes. A further object of the invention relates to a human
skin substitute oBvRICARDI BCpratmacyiet Ay b dabwdera@skymyealuripgignt siepher

obj ect of th%elﬁ@%@?ﬁdﬁ%ﬁ)r‘[ﬂé %%?@Flté%&ib@@h{‘@ﬂeﬁoﬂrettg{iégéé.”9 an ani mal

preferably a manmm e pre y a nouse, w human skin substitute
as described above. In a particular enbodi nent said animal is an

i munodefjcient anipal (e.qg. Cl D nous Sai d method may be useful to
provi de sl nodelle e immanemioa 33fferﬁrnﬁlaaowft KRy Eisa8i tent

ani mal s graf Legded sy e %@%Ptlﬁé@-&ln&ﬁgléﬁiﬂdﬂgaﬁmgf&ié BRI ORI DIR%L PE et
by Del Rro M et al. ). B

generated as descri bed by (2002). Briefly, animals are

shaved and askpd®P8alPoymay gaetse200rulGachiiYc khels 0§buRdsexanyld, véiendn @dteed on
t he dorsum of_ m ce d finally grafting.wi.th t.h uman, .ski n _substitute of
the 301 nvent cBlneE b BPmat Rl Undid B bbdgnBRrRENe hEh D TBIRLAT Do
then suffici @Bfneum is formed.
15
As used herein, the term "organotypic culture” refers to a three-dimensional

tissue culture where cultured cells are used reconstruct a tissue or organ in vitro.

In a particular embodiment, human skin substitutes according to the invention
20 may be generated as described by Poumay, Y et al. 2004. Culture of keratinocytes
may be performed on polycarbonate culture inserts. These cells may be maintained
for 11 days in Epilife medium supplemented with 1.5 mM CaCl, and 50 pg/ml
ascorbic acid. The cells are exposed to the air-liquid interface by removing the
culture medium for 10 days.
25
In a particular embodiment, keratinocytes are seeded on a cell culture matrix
populated with human dermis fibroblasts before providing an organotypic culture of
it as above described. This particular technique allows obtaining a human skin
substitute which comprises dermis and epidermis. Such a method may be performed
30  through the protocol as described by Del Rio M. et al. (2002) or Larcher F. et al.
(2007). For example, keratinocytes may be seeded on a fibrin matrix populated with

live dermis fibroblasts. Organotypic cultures are then grown submerged up to



to obtain a human skin on said animal. WO 2011/ 10420020PCT/ EP2011/ 052504
A further object of the invention relates to an ani mal nodel for human skin
obt ai nablwoacciomeiong to the nethod as ab®¥e descri bed. Poe/HPzomnsSHi N
substitutes and aninmal nodels of the present invention may 5 have a

vari ety of uses. These uses include, but are not limted to, use for
screeni ng conpounds, substrates for culturing tunors and pat hol ogi cal
agents (e.g., human papillonma virus), and for nodelling human injuries or
pat hol ogi es associ ated with skin damage and for pharmaco-t oxi col ogi c
assays. 101 nkpatinpeyid egnfluches, 9kd fingliphsrintainekatdhe aanliqrad intodfasiedonf dape

t inventi . d in.order t dy.the DNA d i nduced b
OV exposur e AnERE: petgtfa s Beeiacedal P BPE o' D damge | nduced

by UV exposure. For exanple human skin substitutes and ani mal nodels of the
present 15 invention may be used for a variety of in vitro and in vivo
tests. In particulapically the Awmani wkin rgbsidyle tHe theunmrenionn compsisest L& es

and ani ma - sent. i n [ ind.use. | - at i of :
aki ncar e pr SnisPafticd O cRRERE M Pl oA i DGk ch YRS B Do
wound heal i ngubgpdi@ly Opire i Hoyno gdesusbopulatidnabi” tiymadefmoRhodytdd demeddi @om skin
corrosivity, and cell damage. Typi call for animal npdels of the 20

i nvention, t HEMBR @&H@Pt%?e’é‘eﬁeﬁéﬁf ﬁboy@éeéfqibpépqog@hww% hyRan keradmecstasn, or
may be adm Nl sk Tlﬁ@gre{titﬁreﬁ) lI'tQQ nla fe%ll S d e{fﬁﬂ@llia. Y ?%chﬁﬁ?@fﬂ%odiment the

I
i ntramuscul ar, intravenous, and tra sder mal’ rout e. e present Invéntion
enconpasses auwaniskiny safstisge efrnhagnansay snayl nompre 25menhoc phmisgatifidie
screeni ng. et hod conpri ses, provi di a human skin substitute or an ani nmal
nmodel of99heeB@@?@ﬁgE@Wvﬁﬁ?gﬁﬁegﬁﬂggﬂmmgést one test conpound or product
(e.g., a skin care product such as a noisturizer, cosnetic, dye, or

fragrance; the
Therefore a further aspect of the invention relates to a method of preparing a

human skin substitute comprising a step consisting of providing a population of
human melanocytes derived from human pluripotent stem cells as described above

15  and providing a population of human keratinocytes.

A further object of the invention relates to a human skin substitute obtainable

by the method as above described.

20 A further object of the invention relates to a method for grafting an animal,
preferably a mammal, more preferably a mouse, with a human skin substitute as
described above. In a particular embodiment said animal is an immunodeficient
animal (e.g. NOD/SCID mouse). Said method may be useful to provide animal
models for human skin.

25

In a particular embodiment, animals grafted with a human skin substitute of
the invention may be generated as described by Del Rio M. et al. (2002). Briefly,
animals are shaved and aseptically cleansed. Full-thickness wounds are then created
on the dorsum of mice and finally grafting with the human skin substitute of the

30  invention is performed under sterile conditions. 10-12 weeks may be then sufficient

to obtain a human skin on said animal.



products can be in any from including, but not limted to, creans,

| otions, |iquids and sprays), applying the product or test conpound to said
human skiwoubstitout e or 30 ani mal nodel 20and assayi ng toe/rebdieos2sof t he
product or test conpound on the human skin substitute or animal nodel.
Typically, for animal nodels of the invention, the test conpound or product
may be admi nistered topically on the human skin, or may WO

2011/ 10420021PCT/ EP2011/ 052504 be adm ni stered through an oral, sublingual,
subcut aneous, intranuscul ar, intravenous, and transderrmal route. A w de
vari ety of assays Arfurthoeobjseidofttbe detcetion ndatchey af fimotal ofodehéer fuodackiror

test conpound, on e human skin substitute or animal nodel. The assays may
be directed PB%PW%E?gﬁggﬁgﬁ?ﬂﬁﬁpgﬁ8 ?S]WWS@F$E§@9'of the 5 conpound or
product. Additionally, the effect of the conpound or product on grow h,
barrier function, or tissue strength can be tested. In other
preferred embodi mdhe dumap skinuydptiteles gnd gpsndl mpdsts ofrthe prosent irpdblos gy t he

i nventiongfi u : eni - {.C f - L nLr ' 0SS
the toski 5 v/ RahEy STREETAR Bi08 SIS B R oh s by RO AR RRL ™S,
ani mal nodel sombolidiB, putesart foN¢eMinmN uAi@s angd patsdddital fentsh@. o uhdrtisre and
study of tunours that occur npaturally in the skin as well as far the

cul ture and PERIHYMAfVish HHgelRs madstingusean mjpaics BT PatholowesorssPsiyrd With sone

e”bOdi”E”tS1skﬁxﬁﬁmﬁ?Q&PﬂPhﬁ&%ﬁw&ﬂ@%kéﬂggg, By skin substitutes or anina

nodel s of the prese invention are see th malignant cells. These
reconstructed human skin substitutes or ani mal npbdels can then be used to

screen c ounds or other treatnent strategies (e.q., radiation. or .

Lonot her A0y) for Of PRUSEGT ARG AHE SURsHEES, bl oBeth af Bieat cus iR 1 n
Sone_eﬁbOd'”%ﬁi%eQ£miﬂ?oﬁ@r@S%@%?&hé@%@QQhﬁﬂg@%ﬂﬂkgfb?ﬁ?hqgﬁoﬁﬁgﬁﬁd%h@g
providing a reconstructed human Skin substitute or animal nodel infected

wi th a pat hogetentdl dffstiesiematrioandrugs oh DAk damegd isdeced bygoVisdpaura r eat nent  and
treating the skin substitute or animal nodel with the test conpound or
treatnment. 25In another particul ar enbodi nent, the human skin substitutes

or ani mal nodel s @br th@mpree hiibn | SRULRUbRHULAE @ndl SAmUB ehatlelst 6F tADGREdhNg
human i njuries or pathol ogi es associ ated with skin damage. For exanple, the

human skild sdbsntionmsy bericdiforrayarishdiel i1 wirotand iprveodatts.ilnwneriqulm bivhin
provide both in w49 &%19 th e IRAel Sy s TR ihAImBRYO T th@ PrlRnf €- 9-
fire burns, sunburns”..)’’ or l'esions cause
invention find use in the evaluation of: skin care products, drug metabolism, cellular
responses to test compounds, wound healing, phototoxicity, dermal irritation, dermal
inflammation, skin corrosivity, and cell damage. Typically, for animal models of the
20  invention, the product may be administered topically on the human skin, or may be

administered through an oral, sublingual, subcutaneous, intramuscular, intravenous,

and transdermal route.

The present invention encompasses a variety of screening assays. In some

25 embodiments, the screening method comprises providing a human skin substitute or
an animal model of the present invention and at least one test compound or product

(e.g., a skin care product such as a moisturizer, cosmetic, dye, or fragrance; the
products can be in any from, including, but not limited to, creams, lotions, liquids

and sprays), applying the product or test compound to said human skin substitute or

30  animal model , and assaying the effect of the product or test compound on the human
skin substitute or animal model. Typically, for animal models of the invention, the

test compound or product may be administered topically on the human skin, or may



30 by irradiations, pathogens..., irritations caused by chem cal products
or environnent conditions, degenerative di seases and genetic di seases. In
certai n ewbadimmmios, pathol ogi es of intefbst are genodercmtrpsiig/osisoh as

Epi denol ysi s bul |l osa, Xeroderma WO 2011/10420022PCT/ EP2011/ 052504

pi gment osum ichthyosis, ectodermal dysplasia, kindler syndrome and ot hers.
Typically, the human skin substitutes or aninal nodels of the present
invention may be generated formpluripotent stemcells that nmay carry a
mutation or a plurality of nutations that are causative for a genetic

di sease of the rdmamstskidn tBeughi anvioralo §ibdingudln subgetanegel sintrsmdesidari bed

b h ticul ' ts f di cal . h b ful
For  sor ooni nd ERRBBAT GFRIRB 1 BUEnEh O (REDpR DN ks T

injuries and dpRiNRLAK &Fect bNtRYTbARYUbATest doREHoRAESE e huMANIKIP ButkanRkesP! at es
t he use of the human skin substitutes and ani mal nodels according to the

i nvention fornse axdichdhefasweysrpuyigglifceisehte thsrtakicss, potacpaertdfiedcy ol the
il . ) ! . . .
Cechni ques. - FyRRoll 5P e Ko, Bt St oA Rolind i brpaL Ol

conpound or prodtcharfieyfubeicad oF fidsat ef @Gt epl akdtyd.on t he human skin, or may
be adm ni stered through an oral, sublingual, subcutaneous, intranuscul ar,
i ntravenous, and transdermal route. 15In a further aspect of the invention,

the human skin Suﬁgihggél%?er&fd éxﬁ%dﬁﬁ&ﬁ&%e 'ﬂﬂﬁﬁ&ﬂi&@u%ﬁ&t&%r%ﬁ{%ﬂﬂ%qé@e

treatnment of a pa associ ated wth skin danage. erefore the
present i nvenfitleninvehtatne8nd osafaretivedingahe effeaty eftimgnintrofluaiopatctsk olgy
associatﬁg skjn damage conprising a step consisting of grafting a patient
20i n need"t héf®of with a human skin substitute of the invention. For
exanpl e, the human skin substitutes of the present invention find use in
wound cl osure and burn treatnent applications. The use of grafts for the
treat ment of bur ndn andriwolagndiodgueng, the haemo rskineshbiti@tes Ratanimgdsmodsl608, 332;

5, 658, 331; and 25 6,039, 760, Accordi.ngl th resent. i nventio rovi des
met hods for WSLAAEH BEEPEST Pl parnidBUhe < Iusadd Byt HEou S dhgh &g
provi ding a hufiedlysikithe SkiRSE il & RE R Glte 4 Jhe O BiRitent haeRtrt@Rhand a
patient suffering froma wound and grafting the patient wth the human skin

substitule unkigr Aseprdinglons somenemhediments, Wolsrrgnicsndated st theyuman skin
2011/ 104200235 ﬁ&g@?ﬁﬁf;&i%&f&s?’%f t%h{fgétﬁqn\gﬁggﬁ %?l“éég({eﬂlwiEhorélali Ib&n% cells.
phar macol ogi cal an oxi cological s I'es e Isolated substantially
pur e popul at iTheseofecbustmbteeluammacikie sutdtitdtdeopiEsahinddsenhithen bamsat avi de
an inportant source of material for various screening.
screen compounds or other treatment strategies (e.g., radiation or tomotherapy) for
efficacy against the tumour in its natural environment. In some embodiments of the
20  present invention provide methods comprising providing a reconstructed human skin
substitute or animal model infected with a pathogen of interest and at least one test
compound or treatment and treating the skin substitute or animal model with the test

compound or treatment.

25 In another particular embodiment, the human skin substitutes or animal
models of the present invention are also useful for modelling human injuries or
pathologies associated with skin damage. For example, the human skin substitutes
and animal models of the present invention may provide both in vitro and in vivo
models for modelling wounds, burns (e.g. fire burns, sunburns...), or lesions caused

30 by irradiations, pathogens..., irritations caused by chemical products or environment
conditions, degenerative diseases and genetic diseases. In certain embodiments,

pathologies of interest are genodermatosis such as Epidemolysis bullosa, Xeroderma



5 tests. They can therefore be used in high content screening (HCS) and

hi gh t hroughput screening (HTS) assays. For instance, these assays can
serve to woentifoy2obher apeutic targets fof2disorders ass®ecirapeet 1051504

mel anocytes. OQther assays can be perfornmed in order to identify
cosnetically active substances or conpounds whi ch nodul ate skin

pi gnentati on. 10 The isolated substantially pure popul ati on of human
mel anocytes of the present invention can be a useful alternative to animal
experinmentation in order to obtain predictive data in human before carrying
out cli ni cal pigneaitesuny 5itthansiageoctadénmal t dyesplasial dtiedles ysdrantei ahd yothense

popul ati on of. hungn anocyt.es of. the present inveption can be obtai ned
Prom a vari etyPBRTg(PT BRERT ShG s g pEBTER: Mot e b e Plesg P R rom a
variety of hupgaen&tH a6ins plRPotdne Yeheak it Ghaydi828 Blatlol dRarplueulyss they
can contain different genotypes, reflecting different ethnic origins,

di ff erent gemattitionditbdrage causetivalfdriaegastic gireatst 9ipdis huataneskin. dptleon vHeo ski n
sensitivity JV radi ati -at.e i al.ly lat i f
uman el Smodi o GRnmRHER I CHRE I A" bl ot B BSRE rBt bRRRAP G
phot ot ype ( Skdskaich & @lagsté fusehill i fon spshem baspsinds @r p@E SERAUScREaSithd Vi ty
to sunlight. People with skin types | and Il are at the highest risk for
phot oagi ng ePfRERdoN 9&Isalh Hyuies ARd dathgingiaskilp Ragviedsr, thipmispent, INYEHIQ f ect s
including wi ‘ . ' ' : | -
A'vays bur ns DRSrRRNE Sugof ARARAEUGPIUIRARNG 4l AMasAL IREISTT,
Bur ns noder atled ynyertamsfogsaderahd gf tampougks flonolbraries, in particulaSEImbMatoriBlUr ns

e LY SRS L 2ot B RS i, D, SOV i S B
2011/ 10420024RGT{ERIQL L AR 250 the TRE BHIBIMIE! RIARY hBS RiadhhigiskRvassian, can

be used to study cutaneous
on the human skin, or may be administered through an oral, sublingual,

subcutancous, intramuscular, intravenous, and transdermal route.

15 In a further aspect of the invention, the human skin substitutes of the present

invention may be used for the treatment of a pathology associated with skin damage.

Therefore the present invention relates to a method for the treatment of a
pathology associated skin damage comprising a step consisting of grafting a patient

20  in need thereof with a human skin substitute of the invention.

For example, the human skin substitutes of the present invention find use in
wound closure and burn treatment applications. The use of grafts for the treatment of
burns and wound closure is described U.S. Pat. Nos. 5,693,332; 5,658,331; and

25  6,039,760. Accordingly, the present invention provides methods for wound closure,
including wounds caused by burns, comprising providing a human skin substitute
according to the present invention and a patient suffering from a wound and grafting
the patient with the human skin substitute under conditions such that the wound is

closed.



irritation and corrosivity, in vitro phototoxicity, and response to W

radi ati ons. In one aspect, the invention therefore relates to a
net hod f owoereemiong 5 conpounds for a g?¥en biol ogi cal pefrfarediiosshauman
mel anocytes conprising the steps of: i) incubating an isolated

substantially pure honbgenous popul ati on of human nel anocytes derived from
human pluripotent stemcells as described above in the presence or absence
of a test conpound; 10ii) conparing said biological effect in the

popul ati on of nel anocytes in the presence or absence of said test comnpound.
Typical ly, the expiEsHile ¢lo beedinldat plefinheetldgiga and eaki¢rde &g 3
either to a desired (for exanple, stimulation of nmelanin synthesis) or an
undesirabl e effect 15 (such as toxicity) of a compound which is being
screened for a dermgtighle@t Calbs@RGHIB pGRS PBl&AidAUL P AHthan ThSlafikdyhdsedf piRS son
in the art will understand what type of biological effect is to be assayed,
accor di ng t o Prdsentsigeditoncag daPvied an Hapeeans selrag ofreratisig! [@olaponh sarprNng
aspect, the invention rel t use th u t f .the

i nventi ongas Itéa%' ﬁ]ﬁe i £ %no t@%?%% g)re {r}rsel;eéteﬁl fh il ggﬁtg@n%eﬁ%@%s?@ (r?lugh
particul ar i shroagipat edroghin®@(HTS) edshyd. Tat irstandd, @Besofassiytlobi B&ve to identify 4)
Studyi ng the nechani sns of nel anocyte devel opnent and identifying new 25

t herapeutic thirgpsutic fygeets ior diserdervassodicdrpityippianocytes. Qher pigagncan be

mel anocyt es pi.e i i I i -yci dat e
t he nechanisﬁéﬁgﬁﬁxﬁﬁﬁa§?§%5@¥@ﬂg‘%ﬁ?ﬁ@g§§‘%ﬁ§§ﬁ9§%§?ﬁi?%§&g @%@3W§%#§a|
and pat hol ogincalulateskeh pigmentatioh. nel anocytes. 30 WO
2011/104%@025PCT/EP2011/052504 The invention therefore also relates to the
use of t human nel anocytes as

The isolated substantially pure population of human melanocytes of the

present invention can be a useful alternative to animal experimentation in order to

obtain predictive data in human before carrying out clinical trials.

15 Advantageously, the isolated substantially pure population of human
melanocytes of the present invention can be obtained from a variety of different
human pluripotent stem cells originating from a variety of human subjects, be they
healthy or diseased. In particular, they can contain different genotypes, reflecting
different ethnic origins, different genetic disorders or different phenotypes reflecting

20  the skin sensitivity to UV radiation. Isolated substantially pure populations of human
melanocytes can therefore be obtained for different phototypes. Skin phototype
(SPT) is a classification system based on a person's sensitivity to sunlight. People
with skin types I and II are at the highest risk for photoaging effects including
wrinkles and skin cancer. However, sun effects including wrinkles and skin cancer

25  can occur in any skin type.

SPT I - Always burns, never tans

SPT II - Burns easily, tans minimally

SPT III - Burns moderately, tans gradually to light brown

SPT IV - Burns minimally, always tans well to moderately brown
30 SPT V - Rarely burns, tans profusely to dark

SPT VI - Never burns, deeply pigmented



defined above as a cellular nodel for studying the devel opnent of

nmel anocytes. Enbryoni c devel opnent of the nelanocyte initiates with cel
fate 5 spwoizhimticon in the neural crest24which is thenptuolHposrasizys cel

m gration and niche |ocalization. Many genes involved in nelanocyte

devel opment have al so been inplicated in the devel opnent of nelanoma, an
aggressive and fatal form of skin cancer that originates in the nel anocyte.
Al t hough early stage nel anomas that have not spread to the | ynph nodes can
be excised with little risk of recurrence, patients 10 di agnosed with

met ast ati ¢ mel anorfhe Hamemnamklagbeytesr o klict inverticm danebe aisehéo sbwly stutanceuof
nost tunors to.radi otherapy. and che erapy. Transfor | anocyt es t hat
devel op 1 nt o M ERGRHSSEPRYiTa 300 TR IIFHERY prd FPBTEen CeBrH PGS ot ow
radially in the skin Vertical growh can then follow this radial growh,

| eadi ng to an invasion through the basenment nenbrane into the underlying
derm s and subseqdierfne18pegit Sy gvicstion thqrefosy ir¢lptes rie| & arcthaso Wy eqreeniiiy a
nor mal nekan - I I 1., i he
propert 1 e2 ofSvhgRETEET 2y SRAAIPIRIEE o nifh M SN BT bl hE R °F
Mel anoma al sefutilizes many regul atory signals and pat hways required 20
duri ng ontogeny and regeneration. ng et al in their studies

Uo
described above (200eybafiRgag dtodatethabsiliaihopuic MEMPEENWR PPEREN pphyman
characteri stijgs ﬁﬁcwa§ ﬁ@ﬁi@é@ﬁ%&%ﬂﬁ%ﬁhﬁﬁiﬁ?@& thﬁil éze‘?lgedgede%ﬁk%'& atfol@ 49t d here

are still a nuﬁ%er of questions to wer e 5 Furthernore
under st andi ngrastndehe ahemoabf 2 egudaatpoond;and behavi ors of nel anocyt es and

mel anocy stemcells will allow devel opment of better strategies.for
Cancer 1 18at mant - ) comporing hid ARIGEFATRE P e opR ol ISRy Bt d %y the
fol I owi ng exapRERS ordBsddenBr&lid k@b oax@mpl es shoul d not be interpreted in
any way as limting the scope of the present invention. WO

2011/ 10420026PCT/ EP2011/ 052504 EXAMPLE: METHOD FOR PREPARI NG A

POPULATI ON OF MEL ES AND A HUMAN, SKI N STl TUTE FROM HUNVAN .
PLURT POTENT STV DL i Rt sio e BoEeq BT g et e B ot PRt et Kt i ps

reprogr ammed aC@lsirsd (fok RRéhpRNetihERGoR € nddlhifin tson@edsr &t &n RHARiAME effect
functional popul ati ons of nel anocytes. These cells were obtained follow ng

a direct &8 20ushes seatityd pL @ gpaepyrl Whish ichdiathsaserneeé defer damplodogienl andap

medi um suppl e i r bj id, . I y rived
fron1p|uripofgﬂﬁgg%gﬁﬁ%é'Igﬁgé%@%§§&%%ﬁ%%ﬁ%$%#aP@lpgﬁg?ﬂﬁsaﬁgﬁahg%y gs,
devel op nel abadesied «fdt syt be asagedrelcamidingcapthibl @etific rgogl af éhd Hireening

ker ati nocyt es
method.

20 In another aspect, the invention relates to the use of the human melanocytes
of the invention as an in vitro cellular model for screening compounds, in particular

in cosmetology or in clinical studies of sunburns.

4) Studying the mechanisms of melanocyte development and identifying new

25  therapeutic targets for the treatment of melanoma

The human melanocytes of the present invention can also be used in order to
elucidate the mechanisms and the signalling pathways involved in the physiological
and pathological development of melanocytes.

30
The human melanocytes of the present invention can also be used in order to

identify new therapeutic targets for the treatment of melanoma.



Mat erial & Methods 15hESC cul ture and nel anocyte differentiation hESC
fromtw cell lines, SA01 (Cellartis, Gotenborg Sweden) and WAQ09 ( H9)

(Wcel |, %dﬂﬂ(mrouﬂb) and hi PSC derived u3?ng retrovirusesTXremnaksof act or s
(Takahash| et al.) and lentivirus Thonmsom factors (Thonson et al.) were
grown on STO nouse fibroblasts, inactivated with 10 ng/nL mtonycin C,
seeded at 2030 000/cn2 and grown as previously described (Guenou et al.,
2009) . For differentiation, hESC and hi PSC cl unps were seeded onto
mtomycin Ctreated 3T3 fibroblasts in FAD nedi um conposed of 2/3 DVEM 1/3
HAM F12 and 10% oﬂheém@hticlanher@fermathsc( Feﬂ}ltbs td—l;]ﬂ@llmﬂ@f tlLa)bjlanan WiF|anpSAcy as

suppl enent ed

cholera toxi eetsoyg s il it Kty s Pag) RS ER S 0 ngy mt

reconbi nant human EGF. Three |ndependent experinments were performed using
each pluripotent cell lines. Induction of ectodernal differentiation was

real i zed using 0. EnHwyetic hd@f@rﬁomﬁﬁﬁénﬁfnﬁﬁt BNFRCLYICREDItiat) Vel 1B fake .
ascorbic aci %éecﬁtc%gﬁg %H{aeﬁ}al &L i thgﬁdé’m&c?ﬁ bgrof l{‘&ﬁ@t@%dﬂ unti|

cl ones of "pig "ons wer'e observe sol ation

pi gnent ed celldcahmro@ M@@ocgb@ésedwumeagmt inyRiotyte . @5¥ophidvi thaogeido dbeh
seeded as single cells in nelanocytes specific nmedi um 254CF suppl enent ed
with WO 2o11mmbmb2vﬂﬂ€r¢ez¢99mfmogf25@1@ngmamm apgetHrsand Fﬁ\wltfpsg@ff)s Af t er

1 veek of cul, %ﬁtre? tHaf OI‘IEEI%. £s GP IR hLBASey1E %l{h%ugﬁ %%%E gﬁgnf%la'ﬁgﬁlgg' a0 A¥y

simlar to nmelanocytes were mechani cal’l y 1 sol on t nor p%o | ogy
and anplifi eaiotsqpeerdaitoethy lympl hedesamae bewotciged d/lll;lhl lnge aisk Ioéasiurri:ﬂcepas&a@es 5
Kerat i noiét es,. and noc tes culture ntr ol rimary. hunan

keratino teéla(gpme metastafie g&%ﬁ%%ﬁﬁm}l EOpA LY AR AP0 HieYsRES © | n

FAD nmedi um apg st f@hdrs e m@BiotRkAR" AR cHERAAREN. eGakdiEMed RcRRIG RG] UM
suppl enented with growth factors 10(Invitrogen). Quantitative - PCR

(Q PCR). develop mto melanomas proliferate abnormally and often begin to grow radially in
the skin. Vertical growth can then follow this radial growth, leading to an invasion
through the basement membrane into the underlying dermis and subsequent

15  metastasis. It is still unclear, however, how a normal melanocyte becomes a
melanoma cell, and how melanoma utilizes the properties of the normal melanocyte

and its progenitors in its progression.

Melanoma also utilizes many regulatory signals and pathways required

20  during ontogeny and regeneration.

Uong et al in their studies described above (2010) indicate that melanoma
formation shares many characteristics with melanocyte development and
regeneration, though there are still a number of questions to be answered.

25  Furthermore understanding of the normal regulation and behaviors of melanocytes
and melanocyte stem cells will allow development of better strategies for cancer

treatment.

The invention will be further illustrated by the following examples.
30  However, these examples should not be interpreted in any way as limiting the scope

of the present invention.



Total RNA was isolated from hESC, HEM and nel anocytes derived from hi PSC
(mel -hi PSC) and from hESC (nel - hESC) usi ng RNeasy M ni extraction kit 15
(Q agen, Wountiabemuf, France) according £® the manuf act ecerEpsompostsocol . An
on-col um DNase | di gesti on was performed to avoi d genom ¢ DNA
anplification. RNA | evel and quality were checked using the Nanodrop
technol ogy. A total of 500 ng of RNA was used for reverse transcription
using the Superscript Ill reverse transcription kit (Invitrogen). Q PCR
anal ysis was perforned using a Li ght Q/cl er 20 480 (s;ystem (Roche, Basel
ENEEM® PER FOR/ PR A &)

Swi t zer|l and) and
e _exnr ed on
CFuiEiPE AL JRMRR

manuf act urer'

the DeltaCt M ’

el ectr ophor equm}qbfygm S‘PENI gg[j[gg rred to control PCR pr oducts
specificitieS and exclude non-specitic anplification. Q PCR arrays were

prepared by | oading of 25 prinmer mxes (1 iiM in duplicate, in 96 well

pl at es. PCR was it .

Vact or M3 and 12 B RbERARE FrRRREE I MURln@ il S Rsher RIS ATISS) o
par af or mal dehydiﬁESqtarmmwcﬁgenefawpnré aﬂmﬁnﬁhm&poﬁﬂaﬂnﬁfsmfmmfoaﬁabiirhiezati on
and bl ocking in PBS supplenented with 0.4%Triton X-100 and 5% BSA

(Si gma- Al dri SRlS WeFg ﬁhﬁavleén@ilawmgeé %F@dl%ﬁaﬁa@é@ ol epideig iaduchion;qn

bl ocki ng buff d d i -
WO 20117 10420658} P@H Egg‘oﬁ%ﬁ@g%& %W %Eee‘g , %guatmgﬁ@@f% HE TR
(Abean), mumlmyteﬁmﬁ%c( bemhdnnpcutgtﬁnﬁtﬁmnoelse camtss- SPEAZA ri&R&E), ofibuse

anti - TRA Bi osci epce muse anti - RPE 6 Abean) bit anti-Kl4
(Novacasgr Qa) HF“E%’SWG% ove %‘@59%%@5‘5 ??H%s‘@ela]ﬁ‘fll Ca@% 1Q BuEil B Uz) .
Cells were Stk@faﬂﬁgc})fésth the species 5 specific fluorophore-conjugated
secondary antibody (I nvitrogen) (1 hour, roomtenperature); nuclei were
visualized with DAPI. Three independent experinments were perforned using
each hESC li ne. P'Mtur.eg S%@ﬁltgken using a Zeiss mcroscope equipped with
epi fl uorescence i 1 : FACS anal yses Cells were detached from
culture plates using Trypsin-EDTA (Invitrogen) and fixed in 2%

par af or nal dehyde g15 m nutes, roomtenperature). After PBS wash, cells were
ei t her pdPreabi | i #EG Wk im ecmdyy SansshilerdifSeafedionl dri ch) or not. Prinmary

ant ibodi es di lut eqpat: dod0Qo"RAARCYREE FEARNE EQ¥hbork SYRAHTRES SAGP) 11

(H9) (Wicell, Madison WI) and hiPSC derived using retroviruses Yamanaka factors

(Takahashi et al.) and lentivirus Thomsom factors (Thomson et al.) were grown on

STO mouse fibroblasts, inactivated with 10 mg/mL mitomycin C, seeded at
20 30 000/cm? and grown as previously described (Guenou et al., 2009).

For differentiation, hESC and hiPSC clumps were seeded onto mitomycin C-

treated 3T3 fibroblasts in FAD medium composed of 2/3 DMEM, 1/3 HAM:F12 and

10% of fetal calf serum (FCII, Hyclone, Logan, UT, USA ) supplemented with

25 5ug/mL insulin, 0.5 ug/mL hydrocortisone, 107"°M cholera toxin, 1.37 ng/mL
triodothyronin, 24 pg/mL adenine and 10 ng/mL recombinant human EGF. Three
independent experiments were performed using each pluripotent cell lines. Induction

of ectodermal differentiation was realized using 0.5 nM of human recombinant
BMP-4 (R&D, UK) and 0.3 mM ascorbic acid (Sigma-Aldrich). Cells were grown in

30  the same medium until clones of pigmented populations were observed and isolated.
After isolation pigmented cells were dissociated using trypsin 0.05% (Invitrogen)

and seeded as single cells in melanocytes specific medium 254CF supplemented with



15 containing 0.1% FCS. Controls were made with isotype specific or no
primary anti body. Species specific secondary anti bodi es were added (1 hour,
room t enpeoavurwyzeand cel | s anal yzed on &7 FACScal i bur uscmgr@elilogsest
software (BD Bi osciences). The nunber of events anal ysed for each
experinment was 10, 000. Three independent experinents were performed for
each cell line. 20 Mel anosone transfer quantification Human
keratinocytes (HK) and nel anocytes fromprimary culture or derived from
pluripotent stemcells were cocultured at 1:3 ratio for three days in

epi |l i fe nedi gnwthppicenertrodragenh 4ot hwieletodr aultuge daytbedeat@ditions, cells

i nmunost ai ni n s 25 performed with anti-TRP1 anti body to. vj iz

o1 anosomes. e WA REy ST H A0 ARATBES: YAt CheTanEpbe b Efon

ker ati nocyt esheiFhidepRIEENGRI MaplifidiespeRedy Ve thokdnle medRind Juiihg/af RaGence

m croscope. The nunber of nel ani zed keratinocytes was quantified using
ArrayScan (CPp$segsscs) by the detection of keratinocytes expressing the
keratin 1@ and presenting TRP1l positive vesicles in their cytoplasm WO
2011/ 10420029PCT/ EP2011/ 052504 Results Establishment of a pignmented |ineage

Previously we dev&leapstcpreptnd melahodia@multin@C t hat respected the 5
chronobi ol ogy of epiderm s formation during human ont ogenesis to generate a
honpgenous popul atSod SPNER)} | RI@KR; diumang kerainpghdssot( c wekar eduesd @i cs of

basal kerati %ﬁ%ﬁm é%ﬁg&%ﬁt 1@0%1‘21?‘[% 50 H&'DS RAQGFZm @x{me%& (@)éa?]loﬁ)fidermﬂ )

differentiatio 60 % of the cells are keratinoc et a

al | owi ng t he neddmioytcs h(RlEM) oin o2 HHIF emtdider nalpplderchicdd vadl | growdesfacioBS
reprogranai ng cells using Thomsom and 10 Yamanaka factors (I VMROO and Pol yF)
and undi f ¥ er SHVTIERSEHW hESC (SA0L and WA09 (H9)) and were seeded on

m tonycin-treated 3T3-J2 (feeder cells in FAD nedium supplenented with
BWP4 (0.5 nM and ascorbic acid (0.3 nM follow ng the protocol of

epi der mal i nduct i ¢ahtitatiimoRE-RORMO4T Rlays. Interestingly, a gradual

pi gnent ati on was le a.f eks ipn the 15 areas, surroundi ng
erat i nocyt es. der 19U P Snh el RoESC THEMD b ety OF ReGled PR

pl uripotent $ifEyQ ¢@bLhi#SC) VRd fiding AERL QehcPAPE LR kAR RIGORY ihi CRIrhGioamM t t ed
to the nelanocyte |ineage, we perforned a nol ecul ar characterization all

al ong t h#ddi Regent Cawtabacy deaws) lBycaidiagt ot the i manubauey PCRytoco Al Rits
T b pot nt s SOICENEE T BORLAEELS Borllyfislr ORI ARTIRE, lypflildShon

pi gment at i on RaNwl 1wt aid gehlipy grBNdledkallding thEiN@bdropi taehno gl s & taRCK S0l ysi s

denonstrated a decrease in the transcription of pluripotency gene markers
OCT4, NANOG &#8dCISBRD t¥st used plod tgvsresa bRRETIRHOY AGBL BE atinsTscERe ] te¥stifar abl e

o ou S STy ELPORCYL s Uy MM OGBS0, a76REL Bk (e
20 480 system (Roche, Basel Switzerland) and SYBR Green PCR Master Mix (Roche)
following the manufacturer’s instructions. Quantification of gene expression was
based on the DeltaCt Method and normalized on 18S expression. Melting curve and
electrophoresis analysis were performed to control PCR products specificities and
exclude non-specific amplification. Q-PCR arrays were prepared by loading of

25  primer mixes (1 pM) in duplicate, in 96 well plates. Q-PCR was performed as above
after addition of SYBR Green PCR Master Mix and 12.5 ng cDNA.

Immunocytochemistry.
Cells were fixed in 4% paraformaldehyde (15 minutes, room temperature)
30  before permeabilization and blocking in PBS supplemented with 0.4% Triton X-100
and 5% BSA (Sigma-Aldrich). Primary antibodies were incubated overnight at 4°C
in blocking buffer. Antibodies included mouse anti-MITF (DAKO), mouse anti-



25 TYROSI NASE and M TE i ncreased progressively during pignmented cells
enrichnment in culture. Interestingly, in_parallel of the increase of the
| evel s ofwoeuri@osmpest - derived cells mark®rs, such as SexirandoP&¥8, and
we al so observed an increase of neural tube-derived cell marker PAX6.
These data denonstrate the formation of several pignmented phenotypes
30derived fromthe ectodernmal |ayer including neural crest-derived

pi gnented cells and neural tube-derived pignmented cells. WO

2011/ 10420030PCT/ EP2011/ 052504 Characterizati on of a honbgenous and
pure popul at iT&P lof (Adskemocyabbl  datittyedinaseo m(pbeani)pomnenise staemRadLT s.(BD

simiPar mor pRBRSRYERY noeer Agirernaransspbedfrempt kit BRREERERY: named
mel -i PSC 5 f eoud®! MBORYE €65 qAbEMBA fabBi AniSCANANFhcRESC Frabiteh@PASH es
derived from hESC. gPCR anal ysis of nel-i PSC and mel - hESC showed t hat

expressi on of CrepcgletiwsmpuseAnyeAKA (rantafauyk &cBs olcay ftamed Sapn the paotes
M TF-M i spf . IRP Y| i.nt Wty i . t t M
T 1o T T PSS L AR OGRLLET BAEY,

of pluri pot engypamdredehiiclsienewalisddliZ@GTh INNOG hr&OK)ep&idehn ckpt@iments
expression of PAX6 and OIX2, confirmng that this pignented cell population

was not reti MEre periRTaIsH Aingsasht REPS dine. Pichissnvae Aken Mgingriad /e BIESKORPS med
t he absence %éuﬁﬁgﬁW“ﬁ| HuBbsnde RAAnsyr ession in the nmel-i PSC and
us as we as

mel - hESC nucl 2 correct nucl ear |ocalization of PAX3 and M TF
and a cytoplasm c expression of TRP1l, 15 TYROSINASE (TYR) and Rab27.
Furthern?@e, FACSéanLySiS after four passages reveal ed an absence of SSEA4
and TRAL181 expr eddioraf el - i PSC and mel - hESC conpared to the control

undifferentiated Rljs v ARGchE] f&%&h&%’%@ﬂﬁ%ﬂ%ﬁ@h@ﬁxﬁ@\cﬁf@i&d@%h) nor e

than 80% of nel -i PSC and nel - hESC were TRP1- -positive just |ike

t he 20cont r olang dixedime2% fpasaderintal debly da Odymmwites, room telupdiature hddier €BStwash,
conditions, cells proliferat .activel to .twel ve sages ang .coul d be
Frosen and t fakeaeRrettier PerRgRned! iR hBepSub BiiToBRRERAST ndl Prkay
phenotype. 2aMebRi@cyili@sd et NetwérORtiatdd Rk eitur,StRM ERhpebatdic® in PBS
functional. To denonstrate their ability to produce and secrete nel anin,

nel anosoh® t capighare QdSo dikal Uaemtplpyveed dugdeuwithgsefiEpe iSPSH1G 0T HRVPWINERY hunan

adul t antibody. Species specific secondary antibodies were added (1 hour, room

temperature) and cells analyzed on a FACScalibur using CellQuest software (BD
Biosciences). The number of events analysed for each experiment was 10,000. Three
independent experiments were performed for each cell line.
20
Melanosome transfer quantification
Human keratinocytes (HK) and melanocytes from primary culture or derived
from pluripotent stem cells were cocultured at 1:3 ratio for three days in epilife
medium supplemented with growth factors. 3 days later, immunostaining was
25  performed with anti-TRP1 antibody to visualize melanosomes and with anti-keratin-
14 antibody which is specific to keratinocytes. Fluorescence was then observed with
a Zeiss fluorescence microscope. The number of melanized keratinocytes was
quantified using ArrayScan (Cellomics) by the detection of keratinocytes expressing

the keratin 14 and presenting TRP1 positive vesicles in their cytoplasm.



keratinocytes (HK). After three days of coculture, nelanosone transfers
were detected into keratinocytes by a coi mmunostaining of the protein TRP1
(expr essestoab1id@4tone nel anosonal menbrandy and the ker arcmEbdoiimpmsed fical |y
expressed in keratinocytes). Arrayscan anal ysis showed that nel anosones
were detectable in 20% WD 2011/ 10420031PCT/ EP2011/ 052504 of kerati nocytes
cultivated with nel-i PSC and 45% with HEM whereas no TRP1 staining was
detectable in HK cultivated w thout nel anocytes. Interestingly, after
their transfer, nelanosones |ocalization was in the pen-nucl ear conpartnent
of keratinocytes #&esults i s expected to protect their DNA from5 ul traviol et
radiations. Simlar results were obtained with nel-hESC where 20% of

mel ani zed keratinocytes were detectable after three days of cocul ture.

Usi ng a 3D or ganotrypipfisisysih 8/ plodnwaagidkhg generation of nel ani zed
pluristratified epiderms we evaluated the functionality of either

i PSC-deri ved or hESGielshi ved deickapséytepratecodniiom ik o {hal sicsircstidcdhe | i ke

context. ghu : d that. t ul 09 i.nocyt e and
0% el anoy ST pt R e iR i 1hF (el PSEL R RRCH Rl HO
functional andmoptravuk zR@uRpibaIbels Wkhibitt@r 41 phehnppio Ghofact¥ekiadzosyb&al i n

t he basal |ayer and nel ani zation of the upper |ayers of the epiderms

conposed by #FR{BPRs (hiusaok e alt ilh iy Percessl A0 RS of ﬁéffqr%mﬁlrfiogva}m%& Yon of
mel anocytes de rthe?/ edisf A, QML RAL E{Jherﬁﬁﬁé? AP aﬁf%'vJ_n?% Y\%Ses?é)cgﬂﬁﬁwﬁ'tsbfqgthtepe
ap ed epl

t hr ee- di nensi onal reconstruction luristrati erms in vitro,
by m xi ng nelatodaytadsenvddh caldutypebhashtl rkprogtannoiaygt edlss esided Themsomoaal ayer

trjix, At t diumajr interface. After d f |
ol uri ot 401 + Bt Be e (VA e G D el B B AL OB B 8l pighiADY
pi gment at i on (0)LfAf &€ ARkl 4Bl Ao} S 4RARAMITBLIN (16:4TPLARCIAYE €S HigfiHEd

fromeither r(1E i PSC. 20 Fontana Masson staining confirnmed the presence
of el ani n- compémenied oeth BNR4 1A bABahnd ayerbiof acepi(@er nVb. follRring the

i mrunost ai ni ng_.confi.rnmed this correct homing.of pluripotent stem

ol -dor ved MRS oESRREmIoN EEC LB a0 Rip Spper Tayers of ¢ he

epi derm s, mel ani MnERRRIII NEtaRi A HRESE Tt WRANRasSULERAHIE @ G YvdeRE BitdrNRENS es
Treat ment of nel ani sed epiderm s with al pha-nel anocyte stinulating hornone

25(aMsH) 19a prapsissiregiding kagainecyitsatderivdt remshiBRCnansh Grdqt doi emflimacthpyat ed

the these pluripotent stem cell-derived pigmented populations contain cells committed to

the melanocyte lineage, we performed a molecular characterization all along the

differentiation process by quantitative PCR (qPCR). For this, expression profiles

were analyzed in hiPSC and hESC samples at different time points such as

20  undifferentiated state, before and after pigmentation and purified pigmented cells.

First, time course qPCR analysis demonstrated a decrease in the transcription of

pluripotency gene markers OCT4, NANOG and SOX2 that rapidly reached an

undetectable level, comparable to the one of human adult melanocytes (HEM).

Moreover, genes encoding the regulators of melanin synthesis such as 7TRPI,

25  TYROSINASE and MITF increased progressively during pigmented cells enrichment

in culture. Interestingly, in parallel of the increase of the levels of neural crest-

derived cells markers, such as SOXI0 and PAX3, and we also observed an increase of
neural tube-derived cell marker PAX6.

These data demonstrate the formation of several pigmented phenotypes

30  derived from the ectodermal layer including neural crest-derived pigmented cells and

neural tube-derived pigmented cells.



production of nelanin in the tissue. WD 2011/10420032PCT/ EP2011/ 052504

REFERENCES: Amt, M et al. Conally derived human enbryoni c stem
cel | |inesomaimtadon pl uri potency and proP?ferative potercirap2610ms3n0! onged
periods of culture. Dev Biol 5 227, 271-278 (2000). Del Ro M

Larcher F, Serrano F, Meana A, NUnoz M Garcia M Minoz E, Martin C, Bernad
A, Jorcano JL. A preclinical nodel for the analysis of genetically nodified
human skin in vivo. Hum Gene Ther. 2002 May 20; 13(8):959-68. Doucet 0,
Garcia N, Zastrow L Skin culture nodel: a possible alternative to 10 the
use of exci sed hu@znrcxka’riwtim dse demiaggnews wind rpre roputagine ogs relsorcpes on.

Toxicol In \/ é‘é%@?"ﬁ t9982 Fang D, Leishear K, Nguyen TK
Fi nko R, Cal pepiceiafford PA, Kulp AN, Xu X Smalley KS,

Herlyn M Defi m nqhb I@@gxﬁ@m pdpansioh @khibhied, g@Belsalation avd tvweii@s@@géxtﬁﬁmﬁf om
human enbryonic stemcells. Stem Cells. 2006 15Jul; 24(7 668- 77 Epub

2006 Mar 30. morphologzgaiwhiiman Rhiltdaelergeyes (BEM)RTheawce@@ﬁmmarm aehdS .

Lar cher Fg L z
gene ther apy%((?)f H{eleaglesytlyssgg yst ?8%1%@%? er rm ySi g %ﬁ%gg}ggé qu%g%e%o%her, ;
15 (10): 921hB3C(200% ana@!ﬁ‘loﬂ ntdl-iMS S a8 mgl-HESCC kieywdd, thEBéﬁjréﬁloh oftkespi tre

G Saidani M Del Rio 20 Barrault CC, Bernard EFX Peschanski
Bal deschi C, 29esdsiuplves! lmawoa%wﬁgsc ag SERY 10 PA X Y- Mxé%@fcfra}, TRt

h
ccoret e LSRRy T SRR ® e L

K, Stronber gdédvkaskenz thezexpessibhn efmlskgmesiharﬂimsttie & plBimewah] sdfidanyaM
BB B O 58, S5 B o LaP R ST b R
Reprod. 2003yl pignd@ited) cell4Mpubrtion was not retinal pigmentary epithelium
Immunostaining analysis confirmed the absence of OCT4, TRA1-81 and PAX6
expression in the mel-iIPSC and mel-hESC nucleus as well as a correct nuclear
localization of PAX3 and MITF and a cytoplasmic expression of TRPI,
15 TYROSINASE (TYR) and Rab27.
Furthermore, FACS analysis after four passages revealed an absence of
SSEA4 and TRAI1-81 expression in mel-iPSC and mel-hESC compared to the
control undifferentiated mel-1PS and mel-hESC. This analysis also showed that more
than 80% of mel-iPSC and mel-hESC were TRP1- and MITF-positive just like the
20  control culture of adult melanocytes.
Under those culture conditions, cells proliferated actively up to twelve
passages and could be frozen and thawed at will, maintaining their morphology and

their phenotype.

25 Melanocytes derived from pluripotent stem cells are functional.

To demonstrate their ability to produce and secrete melanin, melanosome
transfer was evaluated by coculturing mel-iPSC or HEM with human adult
keratinocytes (HK). After three days of coculture, melanosome transfers were
detected into keratinocytes by a coimmunostaining of the protein TRP1 (expressed at

30 the melanosomal membrane) and the keratin 14 (specifically expressed in

keratinocytes). Arrayscan analysis showed that melanosomes were detectable in 20%
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10 that the coculture of 90% keratinocytes (HK) and 10% melanocytes (mel-iPSC, mel-
hESC and HEM) led to formation of a functional and melanized epidermis with
correct homing of melanocytes in the basal layer and melanization of the upper
layers of the epidermis composed by differentiated keratinocytes.
Further functional evaluation of melanocytes derived from pluripotent stem
15  cells was sought using the three-dimensional reconstruction of a pluristratified
epidermis in vitro, by mixing melanocytes with adult basal keratinocytes seeded as a
monolayer on a matrix, at the medium-air interface. After development of a fully
pluristratified epidermis, macroscopic observation revealed a light pigmentation in
the reconstructed tissue containing melanocytes derived from either hESC or iPSC.
20 Fontana Masson staining confirmed the presence of melanin-containing cells in the
basal layer of epidermis. TRP1 immunostaining confirmed this correct homing of
pluripotent stem cell-derived melanocytes in the basal layer. In upper layers of the
epidermis, melanin-containing processes were surrounded by keratinocytes
Treatment of melanised epidermis with alpha-melanocyte stimulating hormone

25 (aMSH), a physiological agent that controls skin pigmentation, activated the

production of melanin in the tissue.
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4. The ex vivo nethod according to any one of clains 1 to 3, wherein said
agent that stinulates termnal differentiation of keratinocytes is selected
from t he woup/wensi sting of ascorbic acP¥ and retinoi cracin®2012052504 5.
The ex vivo nethod according to any one of the preceding clains, wherein
said human pluripotent stemcells are human enbryonic stemcells (hES
cells) or human induced pluripotent stemcells (hiPS cells). 256. The ex
vivo method according to any one of the preceding clains, wherein said step
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1511. A nmethod of preparing a human skin substitute conprising a step
consisting of providing an isolated substantially pure honogenous

popul at i omoahiimenmn nel anocyt es derived #4om human pl ur pputereé11s5Em cel | s
according to claim8 and a step consisting of providing a popul ati on of
human keratinocytes. 2012. A human skin substitute obtainable by the nethod
according to claim11. 13. A human skin substitute according to claim
12 for use in a nethod of treatnent. 2514. A nethod for screeni ng conpounds
for a given biological effect on human nel anocytes conprising the steps of:
i) incubating an isolated substantially @uAdMifonogenous popul ati on of human
nmel anocytes derived from human pluripotent stemcells according to claim$8
in the presence or absence of a test conpound; 30ii) conparing said

bi ol ogi cal effect in the popul ation of nelanocytes in the presence or
absence of said test conmpound. WO 2011/10420036PCT/ EP2011/ 052504 15.
Use of an isol at ed- ubsx antd andthodypreotisitgeh dwsulsbpul dt husprno metpnagyics

mel anocyt gs Y % %{ u %ﬂr' t : S.(ac i aim8

or o huves sepveCori PR RPN T hBTAF U o SRRt Rrshoue.
culturing human pluripotent stem cells with cells that support ectodermal
differentiation in the presence of an agent that stimulates epidermal induction and an

agent that stimulates terminal differentiation of keratinocytes.

10 2. The ex vivo method according to claim 1, wherein said cells that support

ectodermal differentiation are feeder fibroblasts.

3. The ex vivo method according to claim 1 or 2, wherein said agent that

stimulates epidermal induction is selected from the group consisting of BMP-2,

15 BMP-4, BMP-7, Smadl, Smad5, Smad7 and GFD-6.

4. The ex vivo method according to any one of claims 1 to 3, wherein said
agent that stimulates terminal differentiation of keratinocytes is selected from the
group consisting of ascorbic acid and retinoic acid.

20

5. The ex vivo method according to any one of the preceding claims, wherein

said human pluripotent stem cells are human embryonic stem cells (hES cells) or

human induced pluripotent stem cells (hiPS cells).

25 6. The ex vivo method according to any one of the preceding claims, wherein
said step a) is carried out for at least 35 days, preferably at least 40 days, even more
preferably at least 45, at least 50, at least 55, at least 60, at least 65, at least 70 or at

least 75 days.

30 7. The ex vivo method according to any one of the preceding claims, further
comprising, after step a) the following steps:

b) isolating a pigmented cell from the population of cells obtained in step a);
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¢) culturing said isolated cell in an appropriate culture medium.

8. An isolated substantially pure homogenous population of human
melanocytes derived from human pluripotent stem cells obtainable by the method

according to any one of claims 1 to 7.

9. A pharmaceutical composition comprising the substantially pure
homogenous population of melanocytes derived from human pluripotent stem cells

of claim 8 and optionally a pharmaceutically acceptable carrier or excipient.

10. The isolated substantially pure homogenous population of human
melanocytes derived from human pluripotent stem cells according to claim § or the

pharmaceutical composition of claim 9 for use in a method of treatment.

11. A method of preparing a human skin substitute comprising a step
consisting of providing an isolated substantially pure homogenous population of
human melanocytes derived from human pluripotent stem cells according to claim 8

and a step consisting of providing a population of human keratinocytes.

12. A human skin substitute obtainable by the method according to claim 11.

13. A human skin substitute according to claim 12 for use in a method of

treatment.

14. A method for screening compounds for a given biological effect on
human melanocytes comprising the steps of:

1) incubating an isolated substantially pure homogenous population of human
melanocytes derived from human pluripotent stem cells according to claim 8 in the
presence or absence of a test compound;

i) comparing said biological effect in the population of melanocytes in the

presence or absence of said test compound.
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15. Use of an isolated substantially pure homogenous population of human
melanocytes derived from human pluripotent stem cells according to claim 8 or a

human skin substitute according to claim 12 for screening compounds.



