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medi ated by activation of the Wit/ 3-catenin signalling 10 pat hway.
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Retinal degeneration is the deterioration of the retina caused by the progressive
and eventual death of the retinal or retinal pigment ephitelium (RPE) cells. There are
several reasons for retinal degeneration, including artery or vein occlusion, diabetic

25 retinopathy, retrolental fibroplasia/retinopathy of prematurity, or disease (usually
hereditary). These may present in many different ways such as impaired vision, night
blindness, retinal detachment, light sensitivity, tunnel vision, and loss of peripheral
vision to total loss of vision. Retinal degeneration is found in many different forms of
retinal diseases including retinitis pigmentosa, age-related macular degeneration

30 (AMD), diabetic retinopathy, cataracts, and glaucoma.
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25 I nduced pluripotent stemcells (iPS) derived fromadult tissues are
pluripotent ESC-like cells reprogramred in vitro fromtermnally
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OF THE BRAW NGSInduced pluripotent stem cells (iPS) derived from adult tissues are pluripotent

ESC-like cells reprogrammed in vitro from terminally differentiated somatic cell by

retroviral transduction of four transcription factors: Oct3/4, Sox2, KIf4 and c-Myec. It

has been reported that human iPS have a similar potential of ESCs to mimic normal

retinogenesis (Meyer et al., 2009, PNAS USA 106:16698-703). However, major issues

30 include reducing the risk of viral integrations and oncogene expression for generation of

1PS. These limitation may be overcome using alternative methods to obtain iPS such as

activation of signalling pathways, including the Wnt/B-catenin, MAPK/ERK, TGF-3



S5Figure 1. Cell fusion controls. (a) Schematic representation of the
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201, n, p; 5x i, k, m o. ONL: outer nuclear |ayer. Fi gure 6.

Hi st ol ogi cal analysis tine course of transplanted R26Yrdi eyes. (a-h)
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Figure 6. Histological analysis time course of transplanted R26Yrd]eyes. (a-h)

Representative H&E staining (a, b, e-h) and TUNEL staining (c, d; red) of retinal
sections of R26Y™ mice transplanted at p10 with untreated (a, c, e, g) or BIO-treated
(b, d, f, h) HSPCs®PRE and analysed 5 (p15; a-d), 10 (p20; ¢, f) and 15 days (p25; g, h)
25  after transplantation. (i-p) Representative H&E staining of wild-type (i, j) and rd/ mice
(k-p) without transplantation (i, j, 0, p) or transplanted at p10 (k-n) with untreated (m, n)
or BIO-treated (k-1) HSPCs (m-n), all analysed at p60. Magnification: 20x, a-h, j, I, n, p;

5% 1, k, m, o. ONL: outer nuclear layer; INL: inner nuclear layer.

Figure 7. Analysis of hybrid differentiation at p60. (a-f) Representative

30 immunofluorescence staining of retinal sections of R26Y™" mice without
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counterstained with DAPI (blue). Scale bar: 20 lam (B) Quantification of
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transplanted DiD- ESCscre and Di D- RSPCscre | ocalized in the optical fields.
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2013/ 020945PCT/ %hmz? d&mzre-dependent cell fusion in-vivo. (A) Schematic representation

20  of cell fusion experimental plan. In-vivo cell fusion between red —labelled SPCs“™

retinal neurons of LoxP-STOP-LoxP-YFP mice (R26Y) leads to excision of a floxed

with

stop codon in the retinal neurons, and in turn, to expression of YFP. The resulting
hybrids express YFP and are also labelled in red. (B, C) Confocal photomicrographs of
R26Y NMDA-damaged (B) or healthy retinas (C) of mice transplanted with
25 HSPCs®™“™ The mice were sacrificed 24 h after tissue damage. Double-positive RFP
(red) and YFP (green) hybrids derived from cell fusion are detected in the presence of
NMDA damage (B, NMDA), but not in the non-damaged eye (C, No NMDA). Nuclei
were counterstained with DAPI (blue). onl: outer nuclear layer; inl: inner nuclear layer;
gel: ganglion cell layer. Scale bar: 50 um. (D) Quantification of hybrids formed 24 h
30 after cell transplantation, as percentages of YFP-positive cells on the total red

HSPCs“™™® Jocalised in the optical ficlds. Sections of NMDA-damaged and non-
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The ratio between the latter numbers and the total number of red-labelled (D1D) cells or
RFP positive cells in the same fields resulted in the percentage of positive cells. The
40X fields (red rectangles) were chosen in areas including the gel and the inl of the
retinal tissue. (E) Flow cytometry analysis of tetraploid cells with a 4C content of DNA
20 was performed on total cells isolated from NMDA-damaged R26Y retinas transplanted
with BIO-HSPC“™. The presence of tetraploid cells in a G2/M phase of the cell cycle
was detected when gating on the RFP positive cells (hybrids) (right graph) while were
not in control unfused RFP HSPCs“™ (left graph). (F) Statistical analysis of the retinal
fusion partners. Numbers represent the percentage of YFP hybrids also positive either

25 for a ganglion, amacrine or Miller retinal cell markers detected 12 h after

transplantation of HSPCs“™ in NMDA-damaged R26Y eyes.

Figure 11. Analysis of ESC and RSPC fusion events. (A) Representative
samples of DiD-ESCs™™ and DiD-RSPCs“™ injected either into mice eyes pre-treated
for 24 h with NMDA to induce cellular damage, or in healthy eyes (No NMDA). In

30 R26Y eyes 24 h after cells injection (DiD cells, red), YFP expression (YFP, green) is
detected in the NMDA-damaged eyes (NMDA), but not in the non-damaged eye (No
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Figure 13. Activation of the Wnt/B-catenin signalling pathway enhances neuron
reprogramming after cellfusion in-vivo. (A) Schematic representation of in-vivo
reprogramming experimental plan. Nestin-CRE mice received intravitreal injection of

30 both NMDA and DKK1, NMDA alone, or PBS as control, one day before HSPCsR*Y

R26Y

injection. Before transplantation, HSPCs were pre-treated or not with Wnt3a or BIO
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magni fi cat ' 8§1fambtnpﬁ%!ﬁ T céﬂe sf?)ﬂsznlﬁvo 213 elet) SéIRf%h e'sg Ial) e{ga\gﬁére Efiﬁ)Eg{gier

differentia green) express e ganglion ce
SM -32 (| efvtere n@ﬂ:}ed)%li dfecr m;aaeom: aNd NbDKe or SIMID A(ihjegtidn inf Mahog-GBP- YFP+

axons (green) were detec optic rves. fromeyes transplanted wi.th
Bl O HSPE&s c PEto Blige- 5 Wigty- %HUF HlOHFﬁ %‘%&t%ﬁf iepiede MEmnoE G gﬁ’é?re%ﬁ)@n%gﬁe@étwl on of

E)g(ra]elYFPJr PRRickicY §n PSRNZUr S BEBHds Red AR GRED)Cin MR SA dSmIBAINNNMD ) NRit MbOht
in non-treated eyes (No NMDA). Pre-treatment with DKK1 (NMDA+DKK1) reduces
the number of GFP-positive hybrids. BIO and Wnt3a pre-treatment of ESCs augmented
the number of GFP-positive reprogrammed neurons (red/green) with respect to the non-

25 treated ESCs (No BIO). Nuclei were counterstained with DAPI (blue). Scale bar: 20
um. (B) Hybrids isolated from NMDA-damaged Nanog-GFP eyes transplanted with
BIO-treated (BIO) or untreated (No BIO) ESCs where cultured in vitro under
puromycin selection. A mean of 23 GFP-positive clones where detected after one
month of cell culturing. Clones are also positive to the alkaline phosphatase staining.

30 (C) Transplanted RSPCs (red) do not reprogram NMDA-damaged retinal neurons in
presence or not of BIO treatment. Nuclei were counterstained with DAPI (blue). (D)

Statistical analysis of the percentage of YFP- hybrids after injection of either untreated



Figure 19. Analysis of bone marrow repl acenent efficiency and anal ysis of
hybrid proliferation and apoptosis after endogenous BM nobilization and
cel | fusiw0.20®)02Bpr esent ati ve haenochr onocyt onmetri ¢ an&Cy4iPg01afo63seTe one
nonth after 10 bone marrow repl acenent. (B-C) Ki67 (B) and Annexin V (O
staining were performed on YFP-positive %epr ogramed hybri ds obtai ned 24h
after injection of BIOin NI\/DAdamaged Y eyes fromm ce that received

BVRFP/ cr e re%dacemant i gure 20. Endogenous BMderived cells
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in case of gl hbel O GLA/E3ROAERETL EPRAUSAAR2RLLd %sfdme%gm aied (E-
reprogranmm n%@gf hybri ds between recruited-BMCSR26Y and neurons,

t
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fuston bt PeFid 2o i n oy A P A2 AT e el B B O G0 e

no YFP hybrahd$) 4id)ccWeicethyBEN dnd Jﬁompdaﬁa@wbrﬁmqgre\enx bevtibnBere stdndd
Percentages_of proliferating (Ki 67 positive, or d}/ (Annexi nV
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Data are ans 22. Macrop / monocyte anal ysi s
after HSPC&EStCrsa(r(ikm e‘meum)'gb aneso@ﬁ)m R@puaé)s @nd@delrme(Hamdi))mahrommg@nD(N estin,

flat-mount ‘:I‘\?oglg\gli\l/lD ﬁﬂddﬁt”????sﬂces d [}81% and goarit) or errmnally differentiated neurons (Tuj-1)

were evaluated in YFP hybrids formed after BIO-treated (K) or non-treated (L)
25 HSPCs™™ injected into NMDA-damaged eyes of R26Y mice and sacrificed 24 (white
bars), 48 (grey bars) and 72 h (black bars) after cell transplantation. Data are means

+s.e.m.; n=30.

Figure 16. Proliferation and gene expression in the hybrids. (A-B) RT-PCR

analysis of untransplanted NMDA-damaged R26Y retinas (A) or of untreated (No BIO,

30 grey bars) or BIO-treated (BIO, black bars) HSPCs cells. (C) Confocal
photomicrographs of NMDA-damaged Nanog-GFP retinas transplanted with DiD-



15 transpl antation of untreated HSPCs. Only few YFP+ cells (green) were
detected. Scale bars: 50 lam (B) Optic nerve harvested 24 h after

t ranspl arweton2ef45HSPCscre i n NVDA- damaged R26Y eyes. 8CaRP2012/06332200 [t m
(G-F) FACS anal ysis as percentages of RFP+/ YFP+ hybrids al so positive for
CD45 (GE) and Macl (D-F) staining 24 hlﬁc, D) and 2 weeks (E, F) after
transpl antation of HSPCscre/ RFP i n NVDA-damaged R26Y 20 eyes. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Retinal regeneration can be achieved b

ol ant i ng lahwied eikhBAOBreatsd) usnanf; 934 hBISPEsi () o FI2 pasibybybridsdesceeed s

havi ng propefti f I ogeRt cell h : etic
crem cer 1 o ceth oSl g BhETMER dtetle RROBERYG D AR TRHEAL BT 26
fuse w th mpeifoimadd ol YBP-pusitivascpregramalednieybriaidSobt&ingd afteiodicctioang BO-
cells, amacrine cells, and the like, or with retinal glial cells

Mil er cel IEgatcd oot gpiaishESEscis NVRA-damagad t REGY o Possieniybiids B
finally di {1604 :aﬂh% ﬂcegﬁepggé gfféos'i't%}éré%% rétiventh Y Edtal nﬁ?nger oS NIRRRPT O

cell s and/ or ganglion , Wherein activation of Wit/ 13-catenin
si gnal | i ng [pad Imeayeans +5 hen.i npd it edueced.081 Gr**).(F) e bypresstbnce tharkers for

essential to induce de- 30 differentiation of said hybrid cells and final
- di f f or cRRSAISTBH (FHADnEOAdqra T P oRRTeR tqdiE QR TN, O&ﬁneﬁp&oﬁﬁtwbm,

acti vati on ghitdiy ifitdchacahanbil @hgn 2&% ESOs RODVRIndgS el olafly ipariti al |y,

provided by the inplanted cells ( ave been
2013/ 02094 5pPUTAERIOEd/ g6% PIO-UrSated tYRCs Si igreation mefo pMiMudamegeds ayer of or

with an, jnhjbitor of a.W -cat eni jgnal lin r.epressar d/ or
over explbo RV o st ph TR Eh EMs & B RS abd T aRHFCRGRT RREL o
anot her enbedigmiitiondDataat hBngddf d-36. Wit / | 3-catenin signalling pathway is
only provided as a result of admnistering a Wit/13-catenin signalling

pathway activat %rigure 17. NMDA-damaged retinas can be regenerated after fusion of
transplanted HSPCs. (A) H&E staining showing increase in thickness of the inner
nuclear layer (inl, brackets) and regeneration of the ganglion cell layer (gcl, arrowheads)

15 in NMDA-damaged retina one month after BIO-HSPCs“™ transplantation. Arrows
indicated ganglion cell loss in the NMDA-damaged retinas. Scale bars: 50 mm. (B-C)
Quantification of ganglion nuclei in the gcl (B) and nuclear rows in the inl (C) as
counted in vertical retinal sections of damaged (NMDA) or undamaged retinas
transplanted with BIO-treated (BIO) or untreated HSPCs. Data are means +s.e.m. (n =

20 30). ***P < 0.001. (D) Neurons in the gcl were counted along nasotemporal (left) and
dorsoventral (right) axes and graphed cells per millimeter squared. A total of 80
different images composing the whole retina were counted for each sample. Data are
means +s.e.m. from 3 retinas. *P < 0.01. ON: optic nerve. (E) Total cells in the gcl
excluding endothelial cells were counted along nasotemporal (left) and dorsoventral

25 (right) axes and graphed as density maps. Dark red corresponds to a cell density of

10,000 cells/rnrnz, as indicated in the color bar.

Figure 18. Long-term differentiation potential of the hybrids obtained after cell
fusion-mediated reprogramming. (A) Experimental strategy to identify YFP+ hybrids
one month after BIO-treated or untreated HSPCs“™ in NMDA-damaged R26Y retinas.

30 (B) YFP+ neurons were detected in NMDA-injured R26Y retinal flat mounts one month
after BIO-HSPCs™™ transplantation. Nuclei were counterstained with DAPI (blue).



5 o0or with an inhibitor of a Wit/I3-catenin signalling pathway repressor, to
the subject to be treated or as a consequence of a retinal damage or
injury, asoaotumedssn, for exanple, retinal degenerati onPdraPasiesnssese of
cells having properties of stemcells or progenitor cells for treatment of
10retinal degeneration diseases by reprogr amm ng, nedi ated by activation of
the Wit/ 3-catenin pathway, of retinal cells fused to said cells Treatnent
A 151 n an aspect, the invention relates to a cell, said cell having its

Wit / | 3- cat &npls beTsyRQIHMNg fp%heﬁw&gna"&atlvlapédleaﬁEPb@pwgnseﬂ @@weﬂdmfth@ mgthe
group consi he i e a
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di sease. | makdreIMIBL dsft, @arer e agatrind dllsnakpeCliat (tigte, icdy €DY iY(mmmxoﬂs des a
cell selected fromthe (Fgr oup COI’ISI sting of a hematopoietic stem

el |
(HSC), a pl&EeMi Vot etcfed iarepliy nepssrehy raps Serspladd withsep; §B€~? ep hut he
Wit/ 13- gca ey [ £ in
the treat miot of UGG SRR enay dfinh Fftrfatioh DIARE AR Fhopl®t 8% | O
provi des a (gebh) is¢hegitechefveansiidven grtbeipghtgrselst i ng of a herrat opoietic stem
cell, a progenitor cell, and a mesenchynal stemcell, wherein said 25 cell
is treated with 3 n : ] r an
i nhibitor of a \]f\?ﬁ‘)%s caAtIg n s?é)ﬁg @%d%g?ﬁ%%ggﬁgcgésﬂé a%d ‘z‘# rs‘fg P
cell that &ybriéxpiotisseiona anidt Apcptasdd eificn &idgpalous nBM)arhhMyatmt iavidt ogll for

use in the treatrrent of a retinal degeneration diseas As a result of said

t r eat ment s, fUgen-ed) RewfﬁfﬁnfﬁﬁuVSthaSWOtslafOWéw@mrgs%naéysw]t) oG gpe mantlsafiaal 1 i ng
pat hwayfc A& y
pat ey AN @Al GFaEShn NBRC) Ko YY) dnd e (61 Rk 00 8B

di sease. TentYi-pentvd tepragedrhmsd hybredst abtained 2nafpuligieetn of BltpinalMVE2A4 n t he

eye of a subject eed tr.ea nt .of rebddnal . degeneration di sease. WO
2013/ 02094?@%‘%%@ ng)ﬁ tthnFrecelY?fi er WGP e,Igf’EnIIri s aspect of the

invention relates to the use of a cell, said cell having its Wit/I3-catenin
si gnal I'i ng pat higurecl0. \Eatlegerans Hb&idmgvecbbetst&druﬁtedmm tdamagedoyprscansiusd i ng

of a hematopqQietic stem ceI en| tor, cell d a nmesenchynglprstem
cell, in tﬁ@qhﬁﬁtéﬁaéclﬂ%‘ff@sof A) Eﬁﬁ gl pehamee olﬁ?p&.mw&nr@rcswe@hgﬂ [ eat nent
of a 5 yetingalydeagnerahi en d{ze?f?a%ﬁectfah Bt eSiatct4e! }ﬁad‘iaﬁ‘foﬁ agpectppf the
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of a henuat opwnstitugors { Emangh)l right pysgeedival ac etravitegad imcetmmenic MMRA, fem
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activator, 10 in the manufacture of a pharmaceuti cal M\gﬁx))omu on for the

treat nent d&B-1Q Petblaapostege XEPART b hybiideagsc detected Agic Agdanengrd éBrrent A,
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pat hway actdovsitesbsivg eridg vael esped tb rthantéthien@hberPoft 0§16¢ted IRFP Ofllsawdd
henmat opoi etic stemcell, a progenitor cell, and a nesenchymal stemcell.

The subj ectcaleplagd. (Felkd demupphyytechermispd analypiy aletde tRBnavae 1rf351€§tl@ﬁ‘inﬁrs
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Wit/ |1 3-catenin signa pat y I's activa when t target genes are
transcri bedor grmghd)ﬂ (Isifhal ivred) aoieniat (J psynedx i, hﬁi)\AhdMﬂletraKeGSnreslb ganmhl i ng
pat hway nf| r convention echnl ues, for

anal yzi iy o Rl B &4g§ NEDA H@nﬁ%eré@ oty Edjpate doubl %ﬁ‘ilﬁs
known by tRgagleht: IS@qmg)erson in the art to analyze the expreSS| on of genes,
such as, for exanple, RT-PCR (reverse transcription-polymerase chain

reacti on) or bﬁ?,ldet ectl on_of 13-catenjn_translgcation in the nuclej of the

cel I's by conventi@&l 2t-ekrdnequeys, Bl alisiopgpediytadniPRIOSH MR Mo 38R hi ng,
or by deteg}ads 19%n@maplg59rﬁflbat(Ac)nE%erBle?@%ﬁV@hleﬁlg. Nestil@re mice received

BM™*®Y transplantation via tail vein injection after sub-lethal irradiation. After BM
30 reconstitution (1 month), right eyes received an intravitreal injection of BIO+NMDA,

while the contralateral eyes were injected with NMDA alone. Only in case of cell



25 phosphorylation of the LRP tail, etc. The manner in which the

Wit/ 1 3-catenin signalling pathway is activated can vary. By illustrative,
activati omoab1tte94¥nt / | 3-cat eni n signal li ng pathway i n &Ctapkoigebssetr ed from
the group consisting of a hematopoietic stemcell (HSC), a progenitor cell,
and a nesenchymal stemcell (MSC) can bE achieved by treating said cell
with a 30 Wit/13-catenin signalling pathway activator, or wth an inhibitor
of a Wit/ 3 catenin signalling pathway repressor, in such Ay Way that said
pat hway i s fasen-mediated rsprogyammingmil hybrids bethiscr scruited-BVISisex pr &slsnearansot ei n

or peptide I\Y@{ rlirllned%at | Va%xg?esg%}lq&}dg 10 F@% %g;bg{ oofztgg %?CT@EEi/%ﬁ ?f‘?&%ﬁ 17

signal I'i ng pathway ac I Scusse efnatl vel y,

activati on igtctidhe CWIYFP Bogitiv €itipro gpargimad hylﬁtgdsp(gtd&mmfft@&ms@eombtm&@ms a
consequence of a retinal damage or injury, as occurs in, for exanple
retinal degeheiis dampess Seuons Were we%%ﬁnl% ranterst my Y& PUprids (Rhweisi ssen in
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pat hway i s Dycoi dangdAnasxinV pasitiveb &) mybndsgmde bedloaved as the TlambeeofYFP

"Hermat opoietic stemcell"” or "HSC', in_ pl "HS d herein refers
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cel 1 5, s are piglienst! MChDRLL B of B ERRENTRACA! huRbRAGISE! (o] YPES

(mul ti potency) thei'r a n re erenc
HSCs are i deptdséntehebyontfdal imsgredfl ﬂe&irﬂ@ntécﬁNMEA dahmagad) ectinhs ﬂl)rndif&h la&els I ow
staini n?ss(m de population) with vital es_such as rhodam ne 123 (rhodam ne
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conbi nat i oMNNMBat-damaredtREYesys. Rade basod popil-Ey FAGS efnalyms advercenfaghumans,
there are H t 4- CD38- f di rent .t is a
rmmal | an QEREP SR GhliG o et D4 (e G Fi B hE Che Hoc
is a | ong- trprdidHSGeéils T ¥ htict trfnspladtation of HSPCs™ ™ in NMDA-damaged R26Y

20 eyes.

DETAILED DESCRIPTION OF THE INVENTION
Retinal regeneration can be achieved by implanting some types of cells into the
retina of a subject, said cells having properties of stem cells or progenitor cells such as
hematopoietic stem cells, progenitor cells and/or mesenchymal stem cells. These cells
25 fuse with retinal cells such as retinal neurons, e.g., rods, ganglion cells, amacrine cells,
and the like, or with retinal glial cells, e.g., Miiller cells, to form hybrid cells which in
turn de-differentiate and finally differentiate in retinal neurons of interest, e.g.,
photoreceptor cells and/or ganglion cells, etc., wherein activation of Wnt/B-catenin
signalling pathway in the implanted cells or in the hybrid cells is essential to induce de-
30 differentiation of said hybrid cells and final re-differentiation in the retinal neurons of
interest. In an embodiment, activation of the Wnt/B-catenin signalling pathway is, at

least partially, provided by the implanted cells (which have been treated with a Wnt/f3-



25 hemat opoietic stemcell which is capable of contributing to

hemat opoi esis for nonths or even a lifetinme and it is characterized by
CD34-, CD86-20138@#943+, Thyl.1+/low, Ckit+, lin-, CD135- PCBERRI1RHOCDLH0+.

In another particul ar enbodi nent the HSC is a short term HSC ( ST- HSC),
i.e., a HSC which has a reconstitution ?Prlrty that is limted to several
weeks and it is CD34+, 30 CD38+, SCA-1+, " Thyl.1+/low, Ckit+, lin-, CD135-,
Sl anfl/CD150+, Mac-1 (CD11b)low. WO 2013/ 020945PCT/ EP2012/ 065327 18

The term " CEZBIN Sgnalltedpaiavey seirefosre wish an enhx@t@rof@r Want/Prcatcant yignallyre
present on i h h r

gl ycopr ot erp(r‘;tgflz‘iJr%1 ]% I%g%or oahﬁg/%sévgrécgﬁss n?ﬂ]t/gcf%eeg |mon ?ﬁhﬁ%gﬁh a§'% l%[& o
medi at e t hevirtdag i aRstherodmisddimie e hetbyation bome: Wait/Santedid slgﬁaehtlgrbahwa;atgr X or
directly to stronmal cells. Cells. expressing CD34 (CD34+ 5 cell) are

nor nal | y f@E}H’dPIPW deghas st iof afmizvtering WiB Recatapin 8@%@%\@%%}66%‘@?%

cells, f: e r S,
endot heI I aI Wla(ﬂ 1n]?t3§ 00 %g Zcfage us"t?éﬂnagltng;i%} %ﬂl P%S#h@ggg%?éec% gpﬂr))ér otein
sequence f orcated roaras GD3hsb@entdh ef bntitiabtdaange 98 ignryn usivecurP28906 ckdmuplg, 26,
2012). The terﬂt" CD38". as, used herein refers to a cluster of

di f f er ent i atthdegsncrationdisepsesoun as cyclic ADP ribose hydrol ase is a

gl ycoprotein found on the surface of many immune cells (white blood cells),
i ncluding CD4+, CD8+, B and nat ur aI k| |1 er cell S. CD38 aI SO functr ons in
ceII Ol gels iR stean ce pnogeémtn . -
trandrenbr ne rote .that fu t|ons asasr nII| rroecule d
rredlate I encration diseas Doramin tono ealso

functions enzyrratr CaWrM/!;glétérﬂnE@ﬂl&gﬁmPétﬂfhl@éﬂk fuyell @) MIBRELIRN of the second
messenger cyclic A ose n the hematoporetic system 8 i s nost

hi ghl y expressed on plasna cells. The conplete protein sequence for human
CD38 has t oy eﬁr&t accessi on nunber P28907 (July 26, 2012). The term

" CD90" or Ilﬁy—‘%arused herein refers to Cluster of Differentiation 90, 20
a 25-37 kDa heavily N-glycosyl ated, glycophosphatidylinositol (GPI)
anchored conserved cell surface protein with _a single V-1like_i mrunogl obulin

domai n {The i nmlthé8128RRsti the d%‘f?&?lﬁn irglatgs {4 gecelf Saari@fﬂéhawasrrﬁ% Wnt/Reget@hsi st s
of a 2-lay p I t ged
'n tuo 13 SRISRLRERVE) QEIEF G, B0y SRR (B o coRlameol N

t hynocyte élnma'g)@metld'h&:nco&tplaq:tregqmﬁtot e¢lh ané quecseaciymadl otenhc&thrfoﬁm@(inh]&s t he

Uni Prot accessi on punber PO4216 .(Jyly 26, 2 CD45" as
voed her o WRGHar ot BPHrakAay EaHST Sovag. bR e e chupi e TR eroRy e
products ofin@n8bRPIRidkS %EE%elG&@&frofmhé BRoRQGR! IT% I%ﬁla?dﬁéibﬁlc%@n tdir ee
exons of the prinmary transcripts are al ernatlvelﬁ/ spliced 1%eﬁnerate up
to ei gh?0 di(HBED.enprogenitprecetiRind anmgseafchpmak stams¢cdt ((MACa tgh@reutu eVetip
protein products

O oue PR NERG B REo AR RR RBRTERES: bt vl riie

CD45RBC, CldpdReratioh42RadeABC) . The WO 2013/ 020945PCT/ EP2012/ 065327 19

Thus, the invention provides a cell selected from the group consisting of a
hematopoietic stem cell, a progenitor cell, and a mesenchymal stem cell, wherein said

25 cell is treated with a Wnt/B-catenin signalling pathway activator, or with an inhibitor of
a Wnt/B-catenin signalling pathway repressor, and/or it is a cell that overexpresses a
Wnt/B-catenin signalling pathway activator for use in the treatment of a retinal
degeneration discase. As a result of said treatments, or cell manipulation to overexpress

a Wnt/B-catenin signalling pathway activator, the cell has its Wnt/B-catenin signalling

30 pathway activated and can be used in the treatment of a retinal degeneration disease. To
that end the cell so treated or manipulated is implanted in the eye of a subject in need of

treatment of a retinal degeneration disease.



conpl ete protein.sequence for human CD45 has the Uni Prot accession nunber

PO8575 (July 26, 2012). The term "SCA-1" refers to ataxin 1 which
functi on wWe 20r8knman. The conpl ete protein sequence for RoFEP28CAeB2has t he
Uni Prot accession nunber P54253 (July 26, 5 2012). The term"c-kit"

refers to a Mast/stemcell growh factoq receptor (SCFR), also known as

pr ot o- oncogene c-Kit or tyrosine- proteln ki nase Kit or CD117, is a protein
that in humans is encoded by the KIT gene. CD 117 is a receptor tyrosine
ki nase type 111 In gthice opdsndds awest efnthe anvenfigr rdptes t Be uspohin cal. said el

factor Sr gt ARGl b RuRcB LS R DB IIRTERAEL AT, °: 1
135", as U%ﬁdlphﬁﬁﬁisﬁng efferlserﬁa@o&mﬁot ﬁém&felldhfﬁreg@ﬁtbt atli,amdanieg@ithidal (CD

135) al so known as Fpns-1ike tyrosrne ki nase 3 (FLT-3) or receptor- H#p
tyr osi ne- petstierAlknag énaeeﬁa@elrr ot & Rhpraagenecy] éewperw@)ferr e fEatmentiHer

surface of r I uence
For  human, COTEoG RACRRE B BF Nl R T BIRRE Tl S o 36y

The term " SkAMELY celsselised Fremekie pefupr eorismtlﬁg griak |Hengtdppimpleogyrhi cell, a

activation nolecule.is ote n that mans i s encoded L AVF1
gene. SLAMPIOYALOR U gaRbt nohymal Y e ot Friacad feﬂretre?(teff ficherwart

di fferenti ahicom slafiliin Tﬁh@h&%t%@rz& @ﬁ@hﬁhﬂhl&%ﬁ%ﬁﬁcﬁlnft/ﬁfcaﬂﬁﬁﬁﬁ L has
t he Uni Prot accession nunber Q13291 (July 26, 12). he ternr c-1
(CD11b)" avgthwederbrersser,ranrdéarrequrercpreases nt gt/ Bwa@nmhagmall(mgmmway gctonor,
protein ubu t ha het er.odi neri c .i.nt eta-2

POt MU ISR £ EaFh S TEhbS R e PRI B o
25 receptomegﬂ&ﬁﬁ3hdnk&@AM is also known as CR3A, and cluster of
differentiation nolecule 11B (CD11B). The conplete protein sequence for

human Mac-1 has Acgerdig 1|DrBlteamléés|aeﬁvﬁm@b§rthpﬂgti%crtgmnw% lingopaghyway
The term "En",r pf&r &1811% ﬁ "g, ktﬁ mé)?ﬂrﬁ%dap?lgsrm‘ﬂg\%ggkﬁlﬁr' \xPPh/gadl‘EénHPd' €s

desi gned to’renobve tur

ant i bodi es sgmellid@ panges eﬁtlifﬁtem,d wﬁg $elktedCiom Ch, grbi\ﬁ)l cbnsiBRR0 of a
TER—119 and G -1 in mce and CD3 Knphocytes) CD14 (Monoc e@é CD16
(NK cel I5, hﬁW&W@P@ES‘/ﬁ@é‘) Celbm@%@lmﬁ?} @egtaeeysenml(serw h% Ject and

CD56 (NK C% bs }reét@d li)r*ﬁ hav@@c@ﬁ%@d tﬂg Q’Qﬁ‘bﬁ? CHEGR %@%fl&%%%ﬁlzx/agoaﬂer eitlnﬁI;‘

" progeni tor cel to a ce I's derive a stémce
differenti ailamrage atrmijurg Im: apeid] ethofWitf-tdierin dighbléng mnha/tay(nmacttwarerd mehenalicur e

cell types. Progenitor ceII i.cal ly. have nore rol.iferation
Copaci 1y adrgtgmra woopheds SP B Balva Yo b e Wbt inchihi il
progeni tor pafllayi fiay@bd 8ERIARAI KL dofv BERBBMNCEIRT &scf‘dr ex Plevﬁﬁi aﬁél?ﬁhg thSC by
dlfferentlatlon durlng the progression from % to difrerentiated

functi oMal capickson qhibe irspeitaspes e, Axpnbdarceans koewh bbféhqzmlﬂ@ﬁcpeerqnziedhdoy t he
mar kers CD34+ 8-CDOO: CD45RA-.. In a referred nbodr rogeni tor

Tol 1T s S Rt ARal b B Rsyian i Befhp b, Sl PSR! RTPCR” BRI 01
enbodi ment ttaherpEiesPoiyntiraseedhain fadtionl ?adsﬂ by Meﬂe&mcﬁpberaicaﬁhﬁg@msmau&o if Early
MPP) characte CD34+, SCA-1+, Thyl.1-, Ckit+, lin-, CD135+,

rized b
Sl anf | / CD1%loe  nuiket - qu (t@alcfldyllawcoemrtwl techniques, such as, for example, by
immunostaining, or by detecting the phosphorylation of Dishevelled or the

25 phosphorylation of the LRP tail, etc.

The manner in which the Wnt/B-catenin signalling pathway is activated can
vary. By illustrative, activation of the Wnt/B-catenin signalling pathway in a cell
selected from the group consisting of a hematopoietic stem cell (HSC), a progenitor
cell, and a mesenchymal stem cell (MSC) can be achieved by treating said cell with a

30  Wnt/B-catenin signalling pathway activator, or with an inhibitor of a Wnt/B-catenin
signalling pathway repressor, in such a way that said pathway is activated, or by

manipulating the cell to overexpress a protein or peptide which is a Wnt/B-catenin



I n anot her particul ar enbodi nent the progenitor cell is a Late Milti potent
Progenitor (Late MPP) defined by CD34+, SCA-1+, Thyl.1-, Ckit+, lin-,
CD135hi ghwoShwmi2b94€D150-, Mac-1 (CD11b) | ow, CD4l ow. 15| mCarepediencizarti cul ar
enbodi nent the progenitor cell is a Lineage-restricted Progenitor (LRP)
cell characterized by CD150- CD48+CD244+, I n anot her particul ar

enbodi nent the progenitor cell is a Com"r%n Myel oid Progenitor (CWP), i.e.,
a colony formng unit that generates nmyeloid cells characterized by
CD34+CD38+ISIRRAINE CRYBRA-activior e tiheill padisresstdbelewbddicrafively hectiypiderest t or

monobl ast & B Tyt L ST B ARG L BEEE Bl A sl B pflint "

I n anot her damagd @il @jurgrbodicomtin, tihe cpirnplenirdtinal cepdnckBiod diseases or by
Megakar yocyt eEryt hroi d._Progenitor (NMEP) characterized by CD34+CD38+I L3RA+
CDA5RA- . THEMEMAINERIVIASCSHY sippling nadreysactigater i thersubreciior beelrenied at i on
4. 1t ik a Qnr j q - O I I -as T
el per el 1L e P e Plost TG B, i

Cco- r ecept ompathinaty i1asgivated, 4shewlll bediscuseskptiaw. (TCR) with an

anti gen-presenti cell. Using its portijon, [ .resides.inside the T.cell,
i Sl T eet L4 E e pRnR R s ByFellh O by PR HICR S Bstre

known as t hgrety#o0s inmﬁti@ﬁaﬁ%erhcdéu M Rl %is€95 ANt albISRS <P HpvAlAdRD RNy

nol ecul es involved in e 30 signalling cascade of an activated T cell. CD4

al so i nt er aweboidi rl@zimogytes t RniVHANedraplages, madudtophids opeseplalss urcbsiveptols, t he
anti gen: present i cell. using its extracellul ar, doppin, .

2013/ 02HbaS Bt PERSy Tk TSR i U Fhicc oo Rl R ribgisk s filiban co
has the UnigRedls, NRCesls).onsay akes h%ﬂf%ﬁedlﬂtﬂoﬁuﬁﬁon.mgé classes of sTd@ ctigy m
"CD244" as used herein refers to CD244 nol ecul e, natural killer cell

recept or 2BAist, THptingyished dnctheisgatio ol lymgheit deemyeeihpmecek pkdk &y blped.

natural kil el e S)~hh ' - TR

hi st oco rrpatl\lhgelrl?llﬁlt}“?3 ¢ g é%ﬁ e]%ﬁ f%qlaﬁlgg?\?’ ﬁé&gi&klél (Fpi %@ %ﬁ{éealg ﬁf‘ﬂ@%&@%ﬁéd

bet ween NK{(Cegbi) HSdstshoged 1agd rgiov (a0 hiTke tidae pitogory Scohbisty Pt tht batmaded at e
NK-cell cytolytic activi %}Y% The conplete protein sequence for human CD244

has t helUni(Prist Hafe sxrsviyah Aanbidf <coB2vatcruently BBCs agdsfincdrpetherapility fo3par
as used her, 3&&&1{9&%%8 %%12_ %éo%% @gfﬁtpﬂteﬁcﬁ%%ﬁ?%&f abiﬁ!yptg.%el(f-lr%géx%?n alebiepid ¥)

(IL3RA), al nown as ster of erentration iIs a type |
t r ansmenbr amehgrottpei HSOF adkliddntiftkal @nttieir sBRA shraslable efilisdagunilit )omanktwy et Wit h

e ekt DS RSB0 240, OS5, It KRB AR o
cel 1" or " MRE calléd NN RIHocMEFS 3348908 PRAc @ T Various antigenic markers on their
20 surface. In humans, the majority of HSCs are CD34+CD38-CD90+CD45RA-.
However, not all HSCs are covered by said combination that, nonetheless, has become
popular. In fact, even in humans, there are HSCs that are CD34-CD38-. In a preferred
embodiment the HSC is a mammalian cell, preferably a human cell.
In a particular embodiment the HSC is a long-term HSC (LT-HSC), ie., a
25 hematopoietic stem cell which is capable of contributing to hematopoiesis for months or
even a lifetime and it is characterized by CD34-, CD38-, SCA-1+, Thyl.1+/low, C-kit+,
lin-, CD135-, Slamf1/CD150+.
In another particular embodiment the HSC is a short-term HSC (ST-HSC), i.e., a
HSC which has a reconstitution ability that is limited to several weeks and it is CD34+,
30 CD38+, SCA-1+, Thyl.1+/low, C-kitt, lin-, CD135-, Slamfl/CD150+, Mac-1
(CD11b)low.



15 refers to a nultipotent stromal cell that can differentiate into a
variety of cell types, including: osteoblasts (bone cells), chondrocytes
(cartil ageoceldmy94s5and adi pocytes (fat cells). Markers exprEPIsGieaoizy?
mesenchymal stemcells include CD 105 (SH2), CD73 (SH3/4), CD44, CD90
(Thy-1), CD71 and Stro-1 as well as the adhesion nolecules CD 106, CD 166,
and CD29. Anong negative markers for MSCs (not expressed) are 20

hemat opoi eti ¢ markers CD45, CD34, CDl14, and the costinmul atory nol ecul es
CD80, CD86 and dbacteras GRBE” asuscHdiceriheafprorio arsiuséilo ddifgantiation presyhieon er m

(D 108" aelARUSERhDBERGRA b30P 10ROl L By BR Lo BRIRLA R glROR Pt o1 1

conpl et e preoli-€elh a‘aﬁemﬁn@etdrorlt hmr;malsccaletl%e lotes aftdv@mdni Bf gteneelds & eanenurrber
P17813 25 (July 26, 2012 "CD73" as used herein refers to
5' - nucl eot |UéPé’é,0éV %@racrrrh)lar RpiEis qzrde\ﬁﬁlsa@ Séf@rlel sellsn Gellegtnrepsigg (dp346A234+

(C usters of [ §r %%ﬁﬂéll WA irf e urht5i1i @A chHZ%{eae?otg?qﬁ artdly Qé‘ﬁf@-ﬂétﬂ%&ett‘? gaged by

t he NT5E gene. The co ete protein sequen uman S e Uni Prot
accessi on nuwubsat d??rﬁ%ﬁcl(;dnﬂl yte’ﬁﬁ cel2) TAYloth8MT peogemiton bméﬁdmbélmﬂ selisoof

antigen is ceII u face ein involved in cell-c tions,
cel | “adhesPHPSRTRIH B g'ﬂrﬁﬂo Péetf)PH%t@Pr?e%e&ﬁ%Fﬂf W R CDA 4
has the Un'tfé@ﬁlﬁ&%@@@k@ﬁnﬁﬂlm2@b@(%_ﬁ%;ééld0¥2)26 2012). WO

2013/ 020945PCT/ EP2012/ 065327 22 e term"CD71", as used herein

refers to TransfBrefermréddi¥’os pedteiem 1ef¢rFitRE) Clafttstmﬂ(dléﬁﬂrﬁnastl((@&s&lm of

Dffere tion 71 ) tei.n t i red for del i very
rom ¢ r Bhspap Tl EhelichPt ribsis AufiofioEute s Bbutofeif BN Bk Sbriiridh s s
the Uni Protimaf@eseilo twhikTbRiod RRANSdivlithy (Z84+, 2038, .B 2R @at@dIMkillSTRAs1" as
used herein refers to a cell surface protein expressed by bone marrow

stromal cel(B3&aep @rlyitlcmsan @elba@temogorlgnal transductypipandegalivimpigedng &31% to a

Vascul ar c¢ S,

moreoure 17 Ol ET SR o R AP AERAU, &5 YERAHL beBRU RIS, o, i
that in hurrlﬁmsdhlesloeroemcéeﬁi lﬁypﬁdaetey%/&n@ﬂmaamﬂlsﬂmatsbrfmmloas eiizyaekical O
adhesron nol ecul e. The conp| ete protein sequence for human CD 106 has the

Uni Pr ot I5acdR & rmafiproand mglzeatromfm gecong irzﬁ)ssenger cycliprgDP gibese. dvtlss”  as
d h 1 h
used her ei ::lllerélfaﬁ)kﬁgeﬁlc tﬁ%}@m E813808 3t by, ?‘3@ pr’lm SI%C PRE b& n%{et% eat

is a nenbe nogl obul I n supe proterns The co

prot ei n seguaniassciomch tioren@D ABBS IhasthterténPJmt Iacmssmnmmbmom&ﬂ()mﬁhﬂy Q83740
15 (July 22@ %ng) The term "CD29" as used herein refers to a
integrinb ¥his an integrin unit associated with very |ate antigen

receptors. The qoERdRlCHICIKITh fﬁ%@%@%&eﬂ{ reRHTBNCdPRP o BSrdrBfiddah BoOt
accessi on nunber PO05556 (July 2
20 a 25-37 kDa heavily N- glycosylated glycophosphatidylinositol (GPI) anchored
conserved cell surface protein with a single V-like immunoglobulin domain (The
immunoglobulin domain is a type of protein domain that consists of a 2-layer sandwich
of between 7 and 9 antiparallel B-strands arranged in two B-sheets with a Greek key
topology), originally discovered as a thymocyte antigen. The complete protein sequence
25  for human CD90 has the UniProt accession number P04216 (July 26, 2012).

The term “CD45” as used herein refers to family consisting of multiple members
that are all products of a single complex gene. This gene contains 34 exons and three
exons of the primary transcripts are alternatively spliced to generate up to eight different
mature mRNAs and after translation eight different protein products. These three exons

30 generate the RA, RB and RC isoforms. Various isoforms of CD45 exist: CD45RA,
CD45RB, CD45RC, CD45RAB, CD45RAC, CD45RBC, CD45R0, CD45R (ABC). The



The term "CD 14", as used herein refers to cluster of differentiation 14
which is a 20 conponent of the innate i nmune system The conplete protein
sequence wonotsmreesCD14 has the Uni Prot accessi on nunmbePCPER3MI2/06382Ty 26,
2012) . The term "CD80" as used herein Cluster of Differentiation 80
(also CD80 and B7-1) is a protein foundlgn activated B cells and nonocytes
that provides a costinmulatory signal necessary for T cell activation and
survival. The conplete protein 25 sequence for human CD80 has the Uni Prot
accessi on Kombitc PREBBscqugnteyfop eymzm%géw has the UnHgot ascpsstogpgsnbes 0886y
her ei n ref%rlﬁ ?82@ Eiter of Differentiation 86 (also known as CD86 and
B7-2) is a pr% €i'n eXpressed on antigen-presenting cells that provides
costinul atory siThpadrsn reCRsSatiers toratakis el whztfuvaionas ualtdwsil Mk ampleldhe
conpl ete protein sequence for human CD86 has the Uni Prot accessi on nunber
P42081 30 (EIRIFH soguengg forhumap§Cry1l drag Spoldnibeat/aepssiop mogben o423 (July 2¢ne
term " C4050as) used herein refers to a costimulatory protein found on
antigen presenting cells and is required for their activation. The conplete
prot ei n sequenc&htoernhlerkit” P40 thasMadtstebined?t giowale Cessi roceprnBEFRP2884 2

(July 26, 2012). The term "CD31", as used herejn, refers Pl at e] et
endot hel i a8 Iaséﬁﬂ@ﬁn&ﬂg%lerﬁi%@c‘?ﬂ ST PIRAERICT L’élﬁ%eoﬁl%rﬂfvﬂsg%ﬂdﬁ GsRT8f* ot

di fferenti afdiGR hdhahCiBdkoli& By RIOK Bl Bedd@D AAY S Redpedt tyRiskhel ndseTHYd NY
aged neutrophils fromthe body. The conpl ete protein sequence for human
CD31 has t HH, whichriondsaioctssicolh fanterbelso Rnews 4 ('statlyfager” @0 LRt ligdnd". The
presence( absen of .a marker in.a cell n he determ ned, for .ex , by
reans oft 1 ROREYs Bioeste TRt el oo bRaR I CERE RS S o tim GE BT L,

i nstance, @ 63R1bj). 10 Flow Cytoneter (BD Biosciences Corp., Franklin
Lakes, NJ, US) with commercially avail able anti bodi es and foll ow ng
protocol s known Tihg teme “GP3dayashesce msray sefersTiauSlusier of liffsrpntiatiag aatiggrgnal
for a specikic | Ay Sl f ker I ' n han ] C i se
can be- sel ddt aq Uiy e RiTiny EhnsTRE GO Rtal 30 RIS EBE S RHAE £
gi ven by atynosinspestéihi Rinagl DOy i0fa thekipanecimat ypereasd tdie tispeaifideCof
anti body 15 used to detect each surface marker in the gonventignal FA

CS
anal ysi &  Ihsmgiopeietic progental kdls: €8¢ semplss Poésia dop8ss fardunaneCBhaz pied
specific si : 9 K 0% 50% 60% 70% 80% 90%
500% 1000&%@%&%%&%%B%&%&%@@? j@%zg’%@ég)‘s}e t han t he background si gnal
usi ng convent i offak teret HRISMAING, @ppad dtesesfdre tggsigim}lings lyngphacFRACESEGhiidur

flow cytometer (BD Biosciences Corp., Franklin La , US

commer &1 al ISP b POTR I GBINGSRES & FEPAFGE CheSLOMI S ketonbina bhes
negative f Q[so%&é?ltl?ﬂ{ag%en designakdl @DASH Gk asr BRI IBNT 50) Tee eBhbidor use
in the treatment of a retinal degeneration di sease accordi ng to Treatnent
A, sai d2kelprotiiawscagenice sorinian3SIcAaMdili has shghalProtragcgratomvwayntee Q1839 duly s a
HSC. In an%hﬁ112 articul ar enbodi ment, said cell is a 25 LT-HSC or a

ST- HSC. ’ inot her particul ar enbodi ment, the cell for use in the
treatment of a ratiRah dasene(@diwy’,dis as&e hdeaPréicRdtd @ Tite@inmRphaAM sai d
cell having its Wit/ 1 3-catenin signalling pathway activated, is a

progeni t or (E&FAM)|ip oapotdiein sphvnif et Hrmsnbe dicieroimesaindegogehi-Mbeeel | i s
an Early M P . . n [
parti cul>/ar @‘r@gb :Tﬁln(}elggul,ygt ﬁlégcllgﬁ%nf %F qa{gcem?}hagtgﬁe%% trléeé]twﬁe/)’r% 'elgféra c&@ﬁeﬁﬁe t

degenerat i @ccefios ERSERAL.CIONGAND id alsdriamiwieas R3S ansl ehister hEVdififgrantistion

Wit/ | 3-cateni.n si qnal | i anléoat hway activated, is a MC.
molecule 11B (CDTIB). The ¢omplete protein sequence for human Mac-1 has the

UniProt accession number P11215 (July 26, 2012).

The term “lin” refers to linecage markers, a standard cocktail of antibodies

designed to remove mature hematopoietic cells from a sample. Those antibodies are

30 targeted to CD2, CD3, CD4, CDS5, CD8, NK1.1, B220, TER-119, and Gr-1 in mice and

CD3 (T lymphocytes), CD14 (Monocytes), CD16 (NK cells, granulocytes), CD19 (B
lymphocytes), CD20 (B lymphocytes), and CD56 (NK cells) in humans.



WO 2013/ 020945PCT/ EP2012/ 065327 24 The cells for use in the treatnent
of a retinal degeneration disease according to the invention may be form ng
part of awpapuebisen of said cells which use in the treaCEEPR01Q06332T et i nal
degeneration di sease constitutes an additional aspect of the present

i nvention. 5Thus, in other aspect, the F vention further relates to a cell
popul ation conprising a plurality of ce , said cells having their

Wit/ | 3-catenin signal ling pat hV\gy acti vat ed and being selected fromthe

group consi sti ng obregchiseraedlboireeisc tos tae felt dhat (SHg@)Wedafrpnbgeﬁﬁetrbrceléew a
[resenchyrraldff%rgm 1%11' n(dlvﬁc Bf% S‘P)furgl?eqbdlﬁ%ten 1onh‘teor ?r?ore C]rLc%{l I{/‘psetshe
r eat ment a1 el deg eHerat Pon according %6 h

aspect, 10 Ptrdsgfenitm/eatsl @plcpnpwadesnoae G‘&dtﬂlctﬁ@@w)lﬁbﬂaﬁﬁn capgity Sdsng@ngpapddital ity
of cells, said cells being sel ected fromthe. g rouP consi sting, of a

henat opoi etSfe@ eglsndncepartippiacgmbeodingerytheinregeniar ¢ell i ae W‘Nﬁ%’&lpf%&eé‘ﬁ%el |
(MSQ), and afyyceol 'fﬂﬁﬁ'ao@lst(h e feréf‘?mgﬁﬁd Qlu{‘lﬁg t t}frd)%ress(f’cﬂ{[ &k @ 1 1 ng
pat hway of sal(?ce I's I's activate use In"the treatnent of a retinal
degener at i diffaeseaskefunttidml otlseThavberdstppdibiec pnmgemtar@all ethareserizod &y ¢led |

popul ati on co i | 1s, cell.s bein selecte from
the group &% Gﬁ%@g@@ @é@ C?l‘lé%oAge Ptad?re ”ﬁoﬂ%@n&mgﬁiﬂ%ﬁnﬁ% lnatl on
thereof, wWhes Blathn$diaf Cg@lﬂre@fa%l}];gﬁ@h@rgcéﬂ th a V\ht/ | 3-catenin signalling

pat hway activator, or with an i'nhibitor of a Wit/13-catenin signalling

pat hway repr essdr a parignior cmhpdimset the pogsnisxprclds am Eyhy Mudtigaerd ri’rrwgemtor

SLon L9 B AR TP, PSR DR ROl ER o1

to over expmﬁﬁﬂacp[m_emacqr(cmpb)lgﬁ wbuw.is a Wit/ 1 3-catenin signalling
pat hway activator, the cells of the cell population have their

Wit/ 1 3-catenin & gﬂﬁathler gripsatan waybasémprtathe dpregenitoacable isu g elepte AMplkiigotent
t reat ment pse t t I
bopul at 1 on TraliE LR AR RRA! bOCORSCGER: LI AL GOt NS B abish,

a retinal @eageﬂmaumnwbse(@mbﬁbwecmwwel y drafted this aspect of the
invention relates to the use of a cell popul ation corrpr|S| ng a pluraljty of

celI's, 5aid cel s angihenhgarticalar ﬁ\WholdlfB@Ea‘thérﬁrﬂg@iﬁﬁhéFl iR hATRERCSHES at ed
and bei ng %&%ﬁmmm%ﬂb r%t%d%ﬁ,rﬁa%d-amgicﬁéj% progeni tor cells,

M5Cs and any ation t ere e manutfacture of a 30 pharnaceuti cal
conposition for Im hﬁoﬂmeemmentar eibadmednt thé¢ piegeiter atll on adCemame; Myrloid

GG A TN NN R R
progeni t or pgeathz4-acYRETRBRA'WD45RA-, In another particular embodiment the progenitor
20  cell is a Granulocyte-Macrophage Progenitor (GMP), the precursor for monoblasts and
myeloblasts characterized by CD34+CD38+IL3Ra-CD45Ra-.
In another particular embodiment, the progenitor cell is a Megakaryocyte-
Erythroid Progenitor (MEP) characterized by CD34+CD38+IL3RA+ CD45RA-.
The term “CD4” as used herein refers to cluster of differentiation 4. It is a
25 glycoprotein found on the surface of immune cells such as T helper cells, monocytes,
macrophages, and dendritic cells. CD4 is a co-receptor that assists the T cell receptor
(TCR) with an antigen-presenting cell. Using its portion that resides inside the T cell,
CD4 amplifies the signal generated by the TCR by recruiting an enzyme, known as the
tyrosine kinase Ick, which is essential for activating many molecules involved in the
30 signalling cascade of an activated T cell. CD4 also interacts directly with MHC class 11

molecules on the surface of the antigen-presenting cell using its extracellular domain.



WO 2013/ 020945PCT/ EP2012/ 065327 25 conbi nation thereof, wherein said cells
are treated with a Wit/ 3-catenin signalling pathway activator, or with an
i nhi bi t orwof20m/08¢4451 3- cat eni n signal | i ng pat hway repr es®0T/EPaNANG6I327
overexpress a Wit/13-catenin signalling pathway activator, in such a way
that said Wit/ 1 3-catenin signalling patgyvay is activated, in the

manuf acture of a pharnaceutical 5 conpoSition for the treatnent of a
retinal degeneration disease. The particulars of said HSCs, progenitor
celI's, and ls@enmdete meisn peawnesusiryhyragn Cdifedas tiveUpdirel e¢dcasien apmbhie
above nentixn [ aimed to activate the Wit/ 1 3-catenin signalling
pat hway wi |P|%1§%b Qlug'g?gggf below. In a particular enbodi nent, the cell

popul ation for ahe téh tOB244 eat wRdthetin acfdQ t6 €Dl molegd s eiaairabkilldi sthse
according to Treatnment. A conprises a plurality, i.e., pore than_two, of
HSCs, sai d Te&PIos 2R4y 1 hig cemfesnicodeny Gebl WHpemicAePLmRrass oo pratwablillse YKkt ed.
In a pardicy I k O RGeS € -T-d#ﬁ and
conbi natsit o(r?gll% aenr%g% I 'Eeéébtrl]l(s)% Elgalrt qIfjartl éﬁﬁg?agtg%gﬁﬁg%%ml ecce - Si(g/{)u ation
for use i nrtdected kdlimefheahtetdrtian betwaral NKlegh rad abigoncadisseasles aceptodiing t o

Tr eat ment conpri ses lural jt f.progenitqQr cells, said cells having
thetr vt / (Sl el K eRl STHIECREDr voicetome RleaPiBi FewegFe o1
enmbodi nent hyaah € 574988 HcOlnPRltla8cRtin ﬁﬁm&t@@mm@ﬁ?rﬁyzd\{?& a Late MPP,

a LRP, a CWP, a GW, MEP and conbi nations thereof. n anot her
particul ar enbodibegemm “HBRAERS ugrslphdrein refers &r Inigibeukm B recaptasatipbat(loof 20 a

retinal  de er at i i sease accordi to, Trea A.CO ises a,plurality
of - wacs! O A bt Al B el A PR Lo B T r A AR 8E R et
activat ed. transmerhbrafe RéteinCdl arn e KRRAAMENLIR ANRasCBédn B 3 1igRrdcorwilse in
the treatnent of a retinal degeneration disease according to Treatnment A
conpri ses atterlagdr HhnEhHsomalede arotPidaswquents froenin dE3RA| has &y §ngpt s
havi ng t hei - i i | pat hway 25 activated. In a

particul ar aéc \é%lé{l hﬁ%ﬁ@@é@glﬁé%pgéélzw?)s a LT-HSC or a ST-HSC, in another
particul ar enbodiheediin “Madelclipmedertiht aull”eeMSCS, anpltail FYISKRP, asaisédlicciVPP, a
LRP, a CMP, a GW or a MEP. I n anot her. _particul ar enbodi nent, the cell
popul at Fon T¢fsFs @se myltipaientistiemehsal thiyt can datferantiate dyfe ferdtstn 9f el dus
according t eat C i : : e
Ve sai d eoy TURE R BORG R Hon RS len EUEF RN, 3 Ao SaR (2 e
In a parti collgr Marbosicypressedslay theksiSChgmbl stem eellsTmklsde drD B)SSTSHHSC.CDTAD

2013/ 02094 | EP / 272 I n ot her ticul ar, enbodi hent, the
Colt panor ok CPATL LB e D, cnre SR Pl i Ch SR TeRC S e
accordi ng @ ijeeUDRIBt afd CITBY. i&rﬁ@n?heéﬁi@gtTgﬁ&s AP ILIES Plot C&bles@f agd

| east one MSC, said cells having their Wit/I3-catenin signalling pathway
act i vat 2d. hematwppitit incarkens @b dPirght CDd4i ahdptheraniimalatargmoleeulenCBAP] y

MPP, & CD86 and CDA40 as well as the adhesion molecule CD31.

The term “CD105” as used herein refers to endoglin, a type I membrane
glycoprotein located on cell surfaces and is part of the TGF beta receptor complex. The
complete protein sequence for human CD105 has the UniProt accession number P17813

25 (July 26, 2012).

The term “CD73” as used herein refers to 5'-nucleotidase (5'-NT), also known
as ecto-5'-nucleotidase or CD73 (Cluster of Differentiation 73), is an enzyme that in
humans is encoded by the NT5E gene. The complete protein sequence for human CD73
has the UniProt accession number P21589 (July 26, 2012).

30 The term “CD44” refers to antigen is a cell-surface glycoprotein involved in
cell—cell interactions, cell adhesion and migration. The complete protein sequence for

human CD44 has the UniProt accession number P16070 (July 26, 2012).



5 Late MPP, a LRP, a CMP, a GW or a MEP. I n anot her particular

enbodi nent, the cell population for use in the treatnent of a retinal
degener atworroth/iee®se according to Treatnent A conpri sesPatii/HPe@206322 HSC,
at | east one progenitor cell and at | east one MSC, said cells having their
Wit/ 1 3-catenin signalling pathway activated. In a particul ar enbodi nent,
said HSC cell is a LT-HSC or 10 a ST-HSC, in another particul ar enbodi nent,
said progenitor cell is an Early MPP, a Lat e MPP, a LRP, a CWP, a GW or a

VEP. In a gheterauTGR7 Bripaiaddierein sofews|tp Trensdiran |r¢ﬁ¢pt9@@mt¢1§|1r@ fRiBCs
N d
Comti o Ropei ke Relfeeh PYRRGLRbLT (CNTI B4 Bthoth Il 1€ Rbdter,

cel I's". SaiignaRliverpdiumh &hhﬁ&riﬂ&%enﬁwhk&oh@wwgﬁ)téﬂﬁ@eqtnhofg&m|htmfanc(H])1' s and
MSCs in different ratios or proportions, Said HSPC cell population can be
obt ai ned, 8% e aHPIoé acaesen bR TRO2Y BTl 26, 3¥Dr nat i vel y, by ni xi ng HSCs,
progeni tor cell suan im 1d 9Sc1P Lin der
to obt alsﬁ a HSPC ge popul a iggﬁge#ﬁe sejgﬁrg(ﬁ pg?sglgpicg%t%& revstnk{alw
under st and bbhamasaivdtroelal cqﬂtmuti&h’rthmidmych@orenrl ched in any type of

specific cells conv neans for p

specific type of é?rF% e B \éaﬁcgléﬁﬁ?lgﬁa}‘n%%eﬂo i ¢ t?isola}té‘ép‘%t

bi ndi ng paivhgulRcell B@h&%nH%R@ﬁl@'l"@/CSAJMf-ﬁ)C& d@é’t&eorf%hffé'}%%nohﬂoé (@@1@6?“' ar
in

enbodi nent, the HSPC cell popul ation nmay be enriched in HSCs,
progeni t or iz alfreteinothat fn h@@ens 1snen§odl@r btf ttlaﬁ V%lelnb apd;futl@tqnemswdeeit ified

i sease!hocdli g mlst e 1Far R prb et Ry JuisEh GlRoo TSN sai o

cel | popul atéRgiohav@bédreios2Wituly 36,081 2Ni n si gnal | ing pathway activated. For
use within the teachings of the present invention, the cell having its

wit /13- cat eni nTdrderal Qla@@i’)’a%snwa@har@m, vefewdo and@ObSHeD seick sredandmiyang he
h
group consi.gf Ico gl%te% tﬁat ﬁ”@h%%?de? %Hét 1%%8%@ ?1}] gﬁgegﬁﬂtlbo{)f @Ft{téms afgl, a

nesenchynal cel use 1n

degener at i @Bm@lsepoeciReepeticfgr homime€D16¥ dad ther/niProt hiesdel hupbgudvion for
use in the treat nent of a retinal degeneration disease according to the

i nventi bh, Jﬁi&] e 2bm t he sanme subj ect, i.e., autologous, in order to
mnimze the ri gta M%%&@%%?&C%éﬁ%%%&é @{3?%@ 2 bOfa- EYELH Hil fn%ﬁ tions
or undesired side reactrons; nevert ess e I'nvention al so conte ates
t he use of agdocapeineitc vesl lag, artigen receptolrs Thearngti¢te preeiln) seqhenot fdnhlmmame

speci es as of  the. reci |ent subj e i ich e the use of systenc
or |ocal r@hﬂ%o%ﬁ%?gg’glr?}é‘c fg*élﬁflémﬂ’gﬁ ﬁ@sgrsgéﬁ}r}‘réﬁd@gi )-al t hough the retina
has |ow i mune FuteSROASH148Rusch MeFS] R1&s t&&ﬁ}s}@ﬁéft&lﬁ’er‘éﬁﬂldt%nflrzt%@h is a

di fferent human subj ect coul d be used provided that said cells are sel ected

from HSOs, cpmpgenit todrthe edrlass, inamdndvBEcrandhs ubinpleteeprofon acquesat fenhuman
mani pul ati h Ve, ir Wit/13-c a at hway activated as
nent i oned of/ as%?tee 8&) PIASETSHIRN “%W?Fte@%gﬁéﬂﬁ%%.%ﬁ%ﬂ i ng pat hway" refers

to a network of The term “CD80” as used herein Cluster of Differentiation 80 (also CD80 and

B7-1) is a protein found on activated B cells and monocytes that provides a
costimulatory signal necessary for T cell activation and survival. The complete protein

25  sequence for human CD80 has the UniProt accession number P33681 (July 26, 2012).
The term “CD86” as used herein refers to Cluster of Differentiation 86 (also
known as CD86 and B7-2) is a protein expressed on antigen-presenting cells that
provides costimulatory signals necessary for T cell activation and survival. The
complete protein sequence for human CD86 has the UniProt accession number P42081

30 (July 26,2012).



10 proteins that play a variety of inportant roles in enbryonic

devel opnent, cell differentiation, and cell polarity generation. Unless

ot herwi sewpndioao®|d, it refers to the canoni cal Wit pat reaEPa0id/os33et udes a
series of events that occur when Wit proteins bind to cell-surface
receptors of the Frizzled famly, causi 5? the receptors to activate

Di shevelled famly proteins and ultinmatély resulting in a change in the
amount of f3- 15 catenin that reaches the nucleus. D shevelled éDSH) is a
key conponent oflhg temHCAHE” assweil dicein ipfers & 8 prostimelstasl exoteiphiamd @then
activated Wit _bi.nding, i.nhi pit - l.ex. of pr ot e] t -

ol udes atighpRgBloeat el FeRiuBE TR Rl g, TR LBl Blein
adenomat ouscqehyPfs haman lOD40ARChe TR@rd@ 4 cusSEoKn3hbEP 500D [ Riky DO 208D). y
pronotes the proteol ytic degradation of the 13-catenin intracellular 20

si gnal 1 i ng mol edliF dSrpf e RS L s disqds hetgine giefrsdfasy Platelst srdethakial exlliaghesion

i nhi bited, g ' 2 i jok g :
13- cat en n, 0 (12 G YL EPURS FpG 35 LR R (Rl AT Bt 1
transcri pt itlon playstades rolo ipronmtieg sgeelaichiroplgBnieore xipr bslyi dhe c@epletegirofeiot ei n

ki nases and protejn, phos t ases ve been associ at ] h ility of
the el | "o aPuEaE (AHCHEE L4 dtto Wit U CE gt B ROPDK {250 A aafroMal

di sassembl gpdPrdsheccbsCIKI neRRR iR % ccPRAS BOEWINGhEP To0dxahhee, By hRRh@sM C
domai n of LRP by CK1 and GSK3 can regulate axin binding to LRP. The protein
ki nase act iflovt gytohciGEKgn @ ppemngontad nisghadspod epparathsss. hutihstatve, 4 BOMa$R dh  of
the ne ane-a ciate J/ FRZ/ LRP[ DSHL AX| anpl the functi. of
the Aci 1 AR G e TR iosT o phASERR A Er fon tor 4 st BioiThy °sca
| eads to theaitdsd aibbtRe afd fdifvaat fritdeolsShovn Mthé lad-Baf BOempidyedaltisng

pat hway activator"”, as used herein, refers to a nol ecule capable of
acti vat i ng celhe cwAtting32e cagnshifar 5 gpreifiG regll parfegaymarker gegieriafense fan the

Wit /| 3- cat enj .anal | i t i ci t. re
{ranser i bea oSl S BBt ERBohykEkERY MBH [ RshEGRH 8 Mha

acti vati on isttndityeiVifit by 3noaispedific antibvalyldfnige pabdisayypeay threspeoific anfbold by
anal yzi g% t he, expressi on of the target genes,. e. gFeA AXi n2, . bé] RT- PCR, or by
det ecti bh &Fcd B dele rrph pyihRes BRKEY Bnthe ropyrnticnel BrCaranplyaiscl pdepior & g, |

| munost al Bhfigr (@lhe MindGLER hbiiavd, Bfe RRGRBNGHIAL Lol AhuPhs PEUE IRy, L he
phosphoryl ation of the LRP tail, "etc. 5 Wit/ 13-cafenin signalling pathway
act i vat or s 30ty 46%t, 56%, 6eYth7eke80%cePh o5 %af1000Y., S$0@¥a) 10006%orabevaimoand on
the proteins that c ri.se the.signalling cascade. Illustrative,

non- 11 mi ¢ 1 AGRsEAH BE Darkamndl e iing RO Methads e ASP AR 48 8ry

i ncl ude pepkind@SFARCSOLIERITRY BftoMBlct (BB BiB&T Ml CofPRUREs:) PLIRR! NI hag)
peptides or proteins (i.e., non-peptide drugs", such as : 10- peptides or
protei n¥) faod cexargtielly wiilabloardibadicslo fhersvissuibh call ivwonsidaned acgaine Zov 13,
Wit 3, W1t3a.W1%\ﬁ Wit 5a, Wit 5b, Wit 6, Wit 7a, Wit 7b, Wit 8a, Wit 8b, Wit 9a,
Wit 9b, Wt PBS T4RATT Ob, Watll or Wit16. |3-catenin; a spondin, such as a
R-spondi n, etc. jnar phtRglat ad@odiasitamis ctilebealse 8. the, tr@@RbAtd8S aOFctipaDt €i ns
that have an am no acid sequence that is at |least 40% typically at 15

| east 50% dggRrgmtiagediseasy ageorfimgsto Sommentefesa] sellahaviegdts -GRnEn

preferably v, i - [TDN, ref e %.i ical, to
the am no gigl%éh@g%hdg%% sacg%étﬁiéygr}gv(?gﬁgﬁétﬁgﬁatr?%ur%ﬁg@g?@eﬁsgag(?E%ir:gstaei ns
and t hat5 ndiTRHS8Crortal8T-8I8i0.ity to activate the Wit/ | 3-catenin signalling

at hway; or - non-peptide conpounds, for example, . )
FZ)_ (4- aget yl phen;Wl &E@ @rlzpe(rgglga_rlrrg@rﬁgq(ﬁwm, g ei:iellnPor use in the treatment of a retinal

i Ny 0r OB RAHT AOLAR kot SR ARRLATAIC! Q) B ) 2 LR o
yl oxy)-9-(1,1" -bi phenyl-4-yl)nmethyl)-9H purin-6-yl am no]= 3-phenyl - pr opan- 10
| (QB11), depNinhqiatovacadivedA)s, a Pregrnifor dell.[ 1B, ahother particular embodiment,
met hyl enedi .gxy) benzyl ani nol - 6- ( 3- et hox en rim di O a
(et of oy ar yHETEHPLE o SeFade A S oM. ot Rer ¥ ONTh B dere
Medi ci ng 25Chemm shéterl-Sirtilg enfBbdiRNZthe ABHR ube id thaRSAM¥NtZH D retRaB- 370.

degeneration disease according to Treatment A, said cell having its Wnt/B-catenin

signalling pathway activated, is a MSC.



Exanpl es of Wit protein isoforns, which belong to the Wit secreted proteins
famly and act as activators of the Wit/ 1 3-catenin signalling pathway,

i ncl ude twe 20m/d2emsng or orthol ogues thereof (Sw ss-proPCTHPRIRNCHES) :

Hono sapi ens: Witl: PO4628; Wit 2: P09544; Wit 2b/ 13: @3097; Wit 3: 30P56703;
Wit 3a: P56704; Wit 4: P56705; Wit 5a: P4l Zgl; Wit 5b: QHL1J7; Wit 6. QY6F9;
Wit 7a: 000755; Wit 7b: P56706; Wit 8a: 2013/ 020945PCT/ EP2012/ 065327 29
QH1J5; Wit9a: 014904; Wit 9b: 014905; Wwtl Oa: &ZT5; Wht| Ob: 000744;
Witll: 096014; hheTetls foguswm thottscapment of stetinvgd idegerpetippalisoppr aecoping gy 1;

p2725:  wnthn ey S beDEmnd pabbP T pRERR S pe Rt vl
Wit 9b:  0354@8tnZint Wi tdiaal dEEET&AtionibdalbcoRBdBid4in Adlittional £3p&H bB theWéskot

QQYsSL. 1; . . as well as a functional isoform variant or fragnment
t hereof , i IR&vVentgh jsoform variant or fragment thereof having the ability

to activate t heT%‘gM\?ﬁ{ l&ﬁeﬁ?éﬁ%@ b gﬂl%ﬁl&fg‘]'g gﬂarglié?}["ﬁega}tes to a Ee%"[’imﬂbﬁgaﬁén

13-catenin inclu efo ng or ort eof (Sw ss-prot

r ef er ences komplosing agpurehty: ofR8BL 22id dvlis haisg tHeusWnP22#8in sigradlinuepdthasy a
functional isoform variant or fra nt thereof, i.e.., an isoform variant
or f ragnentacfe%?imd hébe g ceitd gmﬂﬁ%rw SRS I &t BerOPPAISIE 3t ol
signal ling \%IES/CF' o?‘ﬂi'@r @elﬁ@%@%ﬁleﬁ&mgﬁh é’éile(l\ffs@)%ki{d%%oﬁﬂ)%iﬁ%ﬁ%h&éof,t he

canoni cal t/13-catenin signalling pathway. Al so known as cysteine-rich

and si ngl e forhusenb dsporatinentddpaktmal degeneration disease. Thus, according to this aspect,

10  the invention provides a cell population comprising a plurality of cells, said cells being
selected from the group consisting of a hematopoietic stem cell (HSC), a progenitor
cell, a mesenchymal stem cell (MSC), and any combination thereof, wherein the Wnt/p-
catenin signalling pathway of said cells is activated, for use in the treatment of a retinal
degeneration disease.

15 In other words, the invention relates to a cell population comprising a plurality
of cells, said cells being selected from the group consisting of a HSC, a progenitor cell,
a MSC and any combination thereof, wherein said cell are treated with a Wnt/B-catenin
signalling pathway activator, or with an inhibitor of a Wnt/B-catenin signalling pathway
repressor, and/or said cells overexpress a Wnt/B-catenin signalling pathway activator,

20  for use in the treatment of a retinal degeneration disease. As a result of said treatments,
or cell manipulation to overexpress a protein or peptide which is a Wnt/B-catenin
signalling pathway activator, the cells of the cell population have their Wnt/B-catenin
signalling pathway activated and can be used in the treatment of a retinal degeneration
disease. To that end the cell population is implanted in the eye of a subject in need of

25 treatment of a retinal degeneration disease.

Alternatively drafted this aspect of the invention relates to the use of a cell
population comprising a plurality of cells, said cells having their Wnt/B-catenin
signalling pathway activated and being selected from the group consisting of HSCs,
progenitor cells, MSCs and any combination thereof, in the manufacture of a

30 pharmaceutical composition for the treatment of a retinal degeneration disease; or,
alternatively, to the use of a cell population comprising a plurality of cells, said cells

being selected from the group consisting of a HSC, a progenitor cell, a MSC and any



20 containing proteins (Cristins), R-Spondins share around 40% am no acid
identity (Lowther, W et al. (2005) J. Virol. 79:10093; Kim K -A et al.
(2006) CaWb20B0120945: 23). All the R Spondins contai n twoPalijERe@R065327
cysteine-rich furin-like domains followed by a thronbospondin (TSP-1) notif
and a region rich in basic residues. OnEé/ the furin-like domains are needed
for 13-catenin stabilization (Kim K -A"~et al. (2006) Cell Cycle 25 5:23;
Kazanskaya, 0. et al. (2004) Dev. Cell 7:525). Injection of reconmbinant R-
Spondi n 1 icamkinadog dheyeef, adicrgiatsashcdfs arg- Eeatech witham dVpl Bichterinatigrabl it

. i nal ; Ui al e, ; ' . | it
(K m PR SRSl R i st a3 RS SRR TR G psbiRhldr.
Gast r oent eragll/0gyvétddrdssAMVnt/RcTpoindighallingRaBlly aappaar, $n Suwhraegay tbesaid

Wit/ | 3-catenin by conpeting with the Wt antagonist DKK-1 for 30 binding to
the Wit co-Weidepiterin signalisg. patiray Eahurtedibihs Bgnvidsturgelsr Rhpmaseytisal of

DKK- 1/ LRP- ' : : (2007) Proc. Natl.
Acad. S(IﬁD ) %!ék%l{ggn goggﬂgéog %Ielﬁt:%lfsq? fg%l%a‘?\(}%é\éngrgggf id%%seelt ive, exanpl es of

R- Spondi ns whi cAhaghrtaslard\) 20d BISO208b58GCHE EPR) BAd 065G Kavd(beas tprasvadaiys of
I ncl.ude, the foll ow ng or .ort tg}?el ogues

ther eof - ( SISLOPFDT-oraheHEed] RGRES AL RECpoRI Hhed epRoRs
R-spondi n- 2in REMXANL sBEndMap Phihwdy will be discussed below.
In a particular embodiment, the cell population for use in the treatment of a
10 retinal degeneration disease according to Treatment A comprises a plurality, i.e., more
than two, of HSCs, said cells having their Wnt/B-catenin signalling pathway activated.
In a particular embodiment, said HSCs are selected from LT-HSC, ST-HSC and
combinations thereof.

In another particular embodiment, the cell population for use in the treatment of

15 a retinal degeneration discase according to Treatment A comprises a plurality of
progenitor cells, said cells having their Wnt/B-catenin signalling pathway activated. In a
particular embodiment, said progenitor cells are selected from Early MPP, a Late MPP,
a LRP, a CMP, a GMP, MEP and combinations thercof.

In another particular embodiment, the cell population for use in the treatment of

20 aretinal degeneration disease according to Treatment A comprises a plurality of MSCs,
said cells having their Wnt/B-catenin signalling pathway activated.

In a particular embodiment, the cell population for use in the treatment of a
retinal degeneration disease according to Treatment A comprises at least one HSC and
at least one progenitor cell, said cells having their Wnt/B-catenin signalling pathway

25 activated. In a particular embodiment, said HSC cell is a LT-HSC or a ST-HSC; in
another particular embodiment, said progenitor cell is an Early MPP, a Late MPP, a
LRP, a CMP, a GMP or a MEP.

In another particular embodiment, the cell population for use in the treatment of
a retinal degeneration disease according to Treatment A comprises at least one HSC and

30 at least one MSC, said cells having their Wnt/B-catenin signalling pathway activated. In
a particular embodiment, said HSC cell is a LT-HSC or a ST-HSC.



Q@BXY4; R-spondin-4: Q2I0Ms, or a functional isoform variant or fragnment 5
thereof, i.e., an isoform variant or fragnment thereof having the ability
to activawe 201302005/ | 3-cat eni n signal | i ng pat hway, for exampRe2/0es327 sof orm
vari ant or fragnent thereof that maintain their functional donmains.
[llustrative, non-limtative, exanples said (hetero)aryl pyri mdi nes

I ncl ude the conmpounds of fornmula (I)-(lI below. 10l n a particul ar

enbodi nent, the (hetero)arylpyrimdine is an (hetero)aryl - Eyri m di ne

agoni st of the VWhenatBerpriehilay csibgdandntnige sell Rorfatis fop ppiinghe frpatnpent pf

(et br o) ar 1 iPRERaErktaigl ABRLE SebldlPWheTIUREE I tEs, o Joat Shhuay
20 Conmpounghradenftor ¢all andratr loast anPai$ @) $did 08l hgvindRbicENVOBB Lhtchin da@adlingl- H
pathway activated. In a particular embodiment, said progenitor cell is an Early MPP, a
5 Late MPP, a LRP, a CMP, a GMP or a MEP.
In another particular embodiment, the cell population for use in the treatment of
a retinal degeneration disease according to Treatment A comprises at least one HSC, at
least one progenitor cell and at least one MSC, said cells having their Wnt/B-catenin
signalling pathway activated. In a particular embodiment, said HSC cell is a LT-HSC or
10 a ST-HSC; in another particular embodiment, said progenitor cell is an Early MPP, a
Late MPP, a LRP, a CMP, a GMP or a MEP.
In a particular embodiment, a cell population comprising HSCs, precursor cells
and MSCs, obtainable from bone marrow, is identified sometimes herein as “HSPC”,
1.e., as “hematopoietic stem and progenitor cells”. Said cell population HSPC may
15 include HSC, progenitor cells and MSCs in different ratios or proportions. Said HSPC
cell population can be obtained, for example, from bone marrow, or, alternatively, by
mixing HSCs, progenitor cells and MSCs, in the desired ratios or proportions, in order
to obtain a HSPC cell population. The skilled person in the art will understand that said
cell population may be enriched in any type of specific cells by conventional means, for
20 example, by separating a specific type of cells by any suitable technique based on the
use of binding pairs for the corresponding surface markers. Thus, in a particular
embodiment, the HSPC cell population may be enriched in HSCs, or in progenitor cells,
or in MSCs. In order that said cell population identified as HSPC is suitable for use in
the treatment of a retinal degeneration disease according to Treatment A, it is necessary
25 that the cells of said cell population have their Wnt/B-catenin signalling pathway
activated.
For use within the teachings of the present invention, the cell having its Wnt/B-
catenin signalling pathway activated and being selected from the group consisting of a
hematopoietic stem cell, a progenitor cell, and a mesenchymal stem cell, for use in the
30 treatment of a retinal degeneration disease according to the invention, or the cell
population for use in the treatment of a retinal degeneration disease according to the

invention, may be from the same subject, i.e., autologous, in order to minimize the risk



yl ) propane), N-(2-pyridin-4- N, Rl yl)ethane), N-(2-pyridin-3-yl)ethane),
N-(3-(3,5-di nethyl-1H pyrazol -1- yl)propyl), N(2-(1H i ndol- 3-

yl ) et haneypapi$/28453- (1H i ndol- 3- yl)-2-propan-1-ol am meT(EPR)12/8683L7 i S
CH2- 1H-i m dazol e, 4-pyridine, 3-(1Hindole), 3 -(2-nethyl-1Hindol- (---
N--.,-,--- N _."."----- , IR1 5-0l), of, 4- (1H i m dazol e); and 11i
?2...1.-; NR2is 4-(pyridin-4-yl), 4-(py?idi n- 3-

of eventual rejections or undesired side reactions; nevertheless, the invention also
contemplates the use of allogeneic cells, i.e., cells from other subject of the same
species as that of the recipient subject in which case the use of systemic or local
immunosuppressive agents may be recommended, although the retina has low immune

5 response, and, therefore, compatible cells from a different human subject could be used
provided that said cells are selected from HSCs, progenitor cells, and MSCs and
subjected to a treatment or manipulation to have their Wnt/B-catenin signalling pathway
activated as mentioned above.

The expression “Wnt/B-catenin signalling pathway” refers to a network of

10 proteins that play a variety of important roles in embryonic development, cell
differentiation, and cell polarity generation. Unless otherwise indicated, it refers to the
canonical Wnt pathway and includes a series of events that occur when Wnt proteins
bind to cell-surface receptors of the Frizzled family, causing the receptors to activate
Dishevelled family proteins and ultimately resulting in a change in the amount of B-

15 catenin that reaches the nucleus. Dishevelled (DSH) is a key component of a
membrane-associated Wnt receptor complex, which, when activated by Wnt binding,
inhibits a second complex of proteins that includes axin, glycogen synthase kinase 3
(GSK-3), and the protein adenomatous polyposis coli (APC). The axin/GSK-3/APC
complex normally promotes the proteolytic degradation of the B-catenin intracellular

20 signalling molecule. After this B-catenin destruction complex is inhibited, a pool of
cytoplasmic B-catenin stabilizes, and some P-catenin, is able to enter the nucleus and
interact with TCF/LEF family transcription factors to promote specific gene expression.
Several protein kinases and protein phosphatases have been associated with the ability
of the cell surface Wnt-activated Wnt receptor complex to bind axin and disassemble

25 the axin/GSK3 complex. Phosphorylation of the cytoplasmic domain of LRP by CK1
and GSK3 can regulate axin binding to LRP. The protein kinase activity of GSK3
appears to be important for both the formation of the membrane-associated
Wnt/FRZ/LRP/DSH/Axin complex and the function of the Axin/APC/GSK3/B-catenin
complex. Phosphorylation of B-catenin by GSK3 leads to the destruction of B-catenin.

30 A “Wnt/B-catenin signalling pathway activator”, as used herein, refers to a

molecule capable of activating the Wnt/B-catenin signalling pathway. In general, the

Wnt/B-catenin signalling pathway is activated when the target genes are transcribed; by



R2 yl), 4-(3-nitrophenyl), 2- (benzo[b]thiophene) or 2-(naphthyl) WO
2013/ 020945PCT/ EP2012/ 065327 31 (IIl1) H,NN-....-/-- 1, RO IR ---- R
is H ethwD,20maRbasenecycl ohexyl, 2-fluoro-3-(trifl uoromermpk)ioesssgt or
prop-2-ynyl; and R, is 2-(benzo[b]thiophene) or 2- (naphthyl) (w) HNN

28

illustrative, activation of the Wnt/B-catenin signalling pathway may be confirmed by

analyzing the expression of the target genes, e.g., Axin2, by RT-PCR, or by detection of

B-catenin translocation in the nuclei of the cells by, e.g., immunostaining, or by

detecting the phosphorylation of Dishevelled or the phosphorylation of the LRP tail, etc.

5 Wnt/B-catenin signalling pathway activators may act on membrane receptors of Wnt

signalling proteins and on the proteins that comprise the signalling cascade. lllustrative,

non-limiting examples of Wnt/B-catenin signalling pathway activators include peptides

or proteins as well as chemical compounds other than peptides or proteins (i.e., non-
peptide drugs”, such as :

10 - peptides or proteins, for example, Wnt protein isoforms such as Wntl, Wnt2,

Wnt2b/13, Wnt3, Wnt3a, Wnt4, Wnt5a, Wnt5b, Wnt6, Wnt7a, Wnt7b, Wnt8a,

Wnt8b, Wnt9a, Wnt9b, Wntl0a, Wntl0b, Wntll or Wntl6; B-catenin; a

spondin, such as a R-spondin, etc.; or functional variants thereof, e.g., peptides

or proteins that have an amino acid sequence that is at least 40%, typically at
15 least 50%, advantageously at least 60%, preferably at least 70%, more
preferably at least 80%, still more preferably at least 90% identical to the amino
acid sequences of the previously mentioned peptides or proteins and that
maintain the ability to activate the Wnt/B-catenin signalling pathway; or
- non-peptide compounds, for example, 2-(4-acetylphenylazo)-2-(3,3-dimethyl-
20 3,4-dihydro-2H-isoquinolin-1-ylidene)-acetamide (IQ1), (25)-2-[2-(indan-5-
yloxy)-9-(1,1'-biphenyl-4-yl)methyl)-9H-purin-6-ylamino]-3-phenyl-propan-1-

ol (QS11), deoxycholic acid (DCA), 2-amino-4-[3,4-

(methylenedioxy)benzylamino]-6-(3-methoxyphenyl)pyrimidine, or an

(hetero)arylpyrimidine disclosed by Gilbert et al., in Bioorganic & Medicinal

25 Chemistry Letters, Volume 20, Issue 1, 1 January 2010, 366-370.

Examples of Wnt protein isoforms, which belong to the Wnt secreted proteins
family and act as activators of the Wnt/B-catenin signalling pathway, include the
following or orthologues thereof (Swiss-prot references):

Homo sapiens: Wntl: P04628; Wnt2: P09544; Wnt2b/13: Q93097; Wnt3:
30 P56703; Wnt3a: P56704; Wntd: P56705; Wntda: P41221; Wnt5b:
Q9H1J7; Wnt6: Q9Y6F9; Wnt7a: O00755; Wnt7b: P56706;, Wnt8a:



, HOR ---- NRL N---1 R is 3,5-difluorobenzyl, prop-2-ynyl,

2-acetam de or 3-propanitrile; and 2 Ris 2-(benzo[b]thi ophene) or 2-
(napht hylwo0 2013/02094An "i nhi bitor of a Wht/| 3-cat eni n si graliErPeg2peisdnay
repressor”, as used herein, refers to a nolecul e capable of activating the
Wit/ | 3-catenin signalling pathway by i n% biting or blocking a

Wit/ 1 3-catenin signalling pathway repressor, i.e., a conpound 5 which
represses, blocks or silences the activation of the Wit/ | 3-catenin

signal | i ng pat hway. RIHIdEr BnitRee 01430k | WikRbatGl¢05; W anps: d296£T5; WntlOb:
Wit/ 1 3-cateni n si gnalhig. ) . 0 i .ude gl ycogen synt hase
ki nase 3 (GSK-3), se?pg’{%d%t?;@ggg?’re glt%égﬁyrgt}t%éi n 1 (SFRP1), and the
l i ke. |11 ustr afisveusdrOn- Wi :t Ba4426, Waxanpl B52af wattbhilt @7%)283.2SFRP1

i | ude 5- 10
(phenyl sul fony1) - N ( VB3 pRHISaRnWVn e PRT4GT: Wit oBRY g Yuss dRaZai: (WA de( v

v o1eeas) . - 11 USt pabise wRRATIDTM B iR QAR eSy D BORDALONG 0D G- 3
include:Tithiumsalts (e.g., lithiumchloride), 6-bronoindirubin-3 Loxine
(BIO, 6- bronoindir 0854683; Lémebax PHeE (1 BIVOad@tet Rados) Wigi: P48615; Wntl6:

{2-[4-(2, 4-di chl oro- &@%}yé) 155

-(4-methyl- 1H i m dazod’-2- iﬂ)-pyri m di n- 2-yl am no] -ethyl -am no}-nicotino-
nitrile (CH RI9021), a5 well as a functional isoform, variant or fragment thereof, i.c.. an

N-[ (4- net hoxyphenyl ) met hy1] - N- (5-ni tro-2-thi azol yl) urea (AR-A014418),

3- (2, 4- di chl or opheny ispfarm(, vanenthgrl fragmentdderedt yaying Hhoypbiivy ¢@ a8tidito e
(SB-216763), 5-benzy rg;{{]o- 3-.oxo-ﬁ .3- ditg dro-1,2,4-thiadi azol e

(TDzD- 283, 3-[ (3- chl or XA I BRZBHERS PIERFY0] - 4- (2- ni t r o- phenyl) - 1H 20
pyrrol e-2, 5- di oampR4 b5 PEALenieireludehe FaIRGLAOBAbr{RG18LREIh&EofUBMWidkarby €S
thereof, i.e.,, conpounds which contain functional groups which render the

conmpound ofreferpneeséist when adnministered to a subject. WO
2013/ 020945PCT/ EP2013/ 065327, 323572,

Mus musculus: Q02248;

15 as well as a functional isoform, variant or fragment thereof, i.c., an
isoform, variant or fragment thercof having the ability to activate the

Wnt/B-catenin signalling pathway.
The R-Spondins (RSpo) are 4 secreted agonists of the canonical Wnt/B-catenin
signalling pathway. Also known as cysteine-rich and single thrombospondin domain
20 containing proteins (Cristins), R-Spondins share around 40% amino acid identity
(Lowther, W. et al. (2005) J. Virol. 79:10093; Kim, K.-A. et al. (2006) Cell Cycle 5:23).
All the R-Spondins contain two adjacent cysteine-rich furin-like domains followed by a
thrombospondin (TSP-1) motif and a region rich in basic residues. Only the furin-like
domains are needed for P-catenin stabilization (Kim, K.-A. et al. (2006) Cell Cycle
25 5:23; Kazanskaya, O. et al. (2004) Dev. Cell 7:525). Injection of recombinant R-
Spondin 1 in mice causes activation of B-catenin and proliferation of intestinal crypt
epithelial cells, and ameliorates experimental colitis (Kim, K.-A. et al. (2005) Science
309:1256; Zhao, J. et al. (2007) Gastroenterology 132:1331). R-Spondin 1 (RSPO1)
appears to regulate Wnt/B-catenin by competing with the Wnt antagonist DKK-1 for
30 binding to the Wnt co-receptor, Kremen. This competition reduces internalization of
DKK-1/LRP-6/Kremen complexes (Binnerts, M.E. et al. (2007) Proc. Natl. Acad. Sci.
USA 104:147007). Illustrative, non-limitative, examples of R-Spondins which act as



Further exanples of GSK-3 inhibitors are known to those skilled in the art.
Exanpl es are described in, for exanple, W 99/65897 and WO 03/074072 and
r ef er encesochtgdodier ei n. For exanpl e, various GSK-3 i nirChiEPoe120633pDUNdS
are disclosed in US 2005/ 0054663, US 2002/0156087, WD 02/ 20495 and WD

99/ 65897 (pyrimdine 5 and pyridine basg@ conpounds); US 2003/0008866, US
2001/ 0044436 and W01/ 44246 (bicyclic based conpounds); US 2001/0034051
(pyrazi ne based conpounds); and WD 98/ 36528 (purine based conpounds).

Furt her GSRctBvatermiobiheoV ne mﬁcﬁsguangLm@quowh@pﬁm dedingonaoholeresos
(qui nolino US 2004/ 0077707 (pyrrole based conpounds);
us 2004/013@65%035(5%55;5 g@;}’g %9 conpounds): US 2005/ 0004152 (thi azol e
conpounds) ; andHéﬁz&WérQORmﬂdtht@IMKM R-gpqingds 6 UK G; Fress péatdier-3:

i nhi bi tor conpounds i nclude macr ocicl ic mal ei mde selective GSK-3 0

i nhi bitors develQIFRtY byRsbenin: Q28NRs 6h adhactippakispisea. variant oF fagaept e,
Kuo et (200 ( g

10, 11, 1? 14, 16%%??901%\9@ %o%gg??%ﬁ %?anﬁsy%rieog%‘gm el fthla% F ﬁt?% %%tilp‘%lfxé& do
(2,3 - 15 n: 3 'th2'Wit)p- peyemnl ﬂgt(a’Bhngﬂf-pqt)hV&(ay or7 ,eiz&nﬁlﬁ AR 21)soforrn variant or

t et r aoxadi azacy%l ot et r %g%g? di one Further, substituted

ami nopyr i ni di ne "@&MEYY ?’i?% E‘ﬁ%?l?én rdgn Cﬁ&?f“?lo‘ioﬁléadl?sam ne, N6- [2- [

[4-(2, 4-di chl or ep{y&ayd, nen-1ukEive] &%ﬁff)’lesjof Yl (h@reRYhrdy [Pyrighidbd ind 8 Ye

et hyl ] -3 nitro-) and CH R 99021

} 244-( 2, 4- @bmhbmrdsq@rﬁ@nylia)@rﬂ(%hmyl 1H-i ni dazol - 2 y1) -

pyrim din-2-yl am no] - ethlam ni c trile hlblt hu K- 3
Dotenti 1) 20" Db pefass CBPodpal RIS R S Rin s AT SR et
in the pr e@@ﬂhudlﬁyagﬁmarbfah@mmmh@k@ualaﬁ%apm%? oflf‘&ﬁlu@g?l(@ﬁ henpor f or
exanpl e: 5-net pyrazol - 3- 'y1) - (2- phenyl qui nazol i n-4-y1l)am ne,
4-benzyl- 2(H@t[ﬂ§bleﬂjz 4-t hi adi azol i di ne- 3, 5-di one (TDZD8) 2-thio (3 -io
dob enzyl)-5 -(1 -pyridyl)- [1,3 ,4] -ox adi azo |e, -(1 -(3

- hydroxypropyl)-1H-pyrrolo [ 2,3 -1)] pyridin-3 -yl] -4-pyrazi n-2-yl-pyrro
le-2 ,5 - dione, etc. Included 25 within the scope of the invention are the
functional anal ogs or derivatives of the above nentioned conpounds.

For a rkView of conpounds capabl e of dablebt | ng the Wit/1 3-catenin

signal ling pathway see Chen et al, AmJ Physiol Gastrointest Liver Physiol.
2010, Barker et al., Nat Rev Drug Di scov. 2006 and Meijer et al, Trends
Phar macol Scilllustf{iive e38mples od (Mentd)aqﬂ]ayrimhﬁneﬁ agonists ofhthedUnpprentbnissed f or
treating a cell selected fromthe sisting of a HSC, a progenitor
cell, a MSC and any comnbi nation t P@ gn ¥#th a way that the

Wit/ 1 3-catenin signalling pathway thereof is activated is selected WO
2013/ 02§b945PCT/ EP2012/ 065327 33 fromthe gr oup consisting of a Wit isof orm

13-catenir - o, | nctionat—variantsor—f1 thereof; Q1,
@S11, DCA, C?;’m ulgdjfl [ 3, 4- (rrepﬁl%' chedi oxy) - BT Rs
benzy| arn' no rm‘i a“ t hnvunhnn\ll AW alVAaE| m rll ne; hat ar n\ ar vinvrim di ne uch

(1V) [Tablle 1], a GSK-3 5 inhiybit a SFRPLYDPIRPHI®or , andNa@ypyridin-4-
conbi natidns thereof In a pa 2®! enbodi frehetharsdi N-Qumyrigined-hathredf br m
is selected fromthe group c n§;\st| ng of Wt N-(GviltR2dimatiy2H/ A Byrakditl3, Wht 3a,
Wit 4, Wit B5a, Wit 5b, | Wit 6, Wht 7a, WAt 7b, WAt 8al)pidpyiBb, Wht Ba(2-Wi-Bldpl-Wt | Oa,
Wit [ Ob, Wtll, Wit 1p, and conkipations ther eghethae)f wacN-@)B-(IVAfrdanss| or
fragments |thereof |h another| pafjticul ar enbodi Qb pars@lolaie/ | 3- 10 catenin
signal ling pathway activator g~ 13-catenin por a functional variant or
fragnment thereof In anot her particul ar enbodi nent, said Wit/1| 3-catenin

signal ling pagﬁ activator i S a R-spondin ﬁm%rCIq; lﬁlﬁ{;@&glenz;_ vridine,
R- spondi n-2 spondi n-3, R-spondin-4, or a ﬁ‘ﬁth @nt or
fragment thereof In|another paﬂg i cular enbo ¢ &m % é?—‘ zol ]hﬁgl{toor i's
WAY- 316606. I n 15 ahot her /pai‘“t"c ar @hbodi e aBI tor ip
sel ected filromthe group cgnsigting of a lithj refer l.ithjum
chloride, [BIO, Bl O acet ox%e’ﬁcm RO9021, AR} koifﬁ%é’“dg‘g“ )6‘}gBY‘ydﬁ})ér>2 ,

SB415286, |and any cpnbinatigh thereof In a p¥ Bi bt atrosheyd) dent , t he

Wit/ | 3-catleni n si gnhl |ing pat hway acti vat or | {benzeib¥biogkensdor 2-émaphthegr bup
consi sting—of Wht3al13-catenin R-spondin-1 and a conbination thereof!In
anot her preferred enbodi nent, the i nhi bitor of the Wit 13-catenin

signalling pathway repressor is selected fromthe group consisting of BIQ
CHI R99021, and a conbination thereof. In a particular enbodi nent, the cell

for use in the treatnment of a retinal

as, for ex arrpl é) an| (het er o) a?yll Eérl mi di ne oR If ornifla (IN 3- Eﬁﬂ}mda(zpl IT) or

(=)




25 degeneration di sease according to the invention,
popul ation conprising a plurality of said cells,
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Mlustrative, non-limitative, examples of inhibitors of SFRP1 include 5-

(phenylsulfonyl)-N-(4-piperidinyl)-2-(trifluoromethyl)benzenesulfonamide

316606).

salts

(e.g., lithium chloride), 6-b

romoindirubin-3 Hoxime

(WAY-

Mlustrative, non-limitative, examples of inhibitors of GSK-3 include:lithium

(BIO), 6-

bromoindirubin-3 Hacetoxime (BIO-acetoxime), 6-{2-[4-(2,4-dichloro-phenyl)-

5-(4-methyl-1H-imidazol-2-yl)-pyrimidin-2-ylamino]-ethyl-amino } -nicotino-
nitrile (CHIR99021), N-[(4-methoxyphenyl)methyl]-V'-(5-nitro-2-thiazolyl)urea
(AR-A014418), 3-(2,4-dichlorophenyl)-4-(1-methyl-1H-indol-3-yl)-1H-pyrrole-

2,5-dione
(TDZD-20),

(SB-216763),

5-benzylamino-3-0x0-2,3-dihydro-1,2,4-thiadiazole
3-[(3-chloro-4-hydroxyphenyl)amino]-4-(2-nitro-phenyl)-1H-

pyrrole-2,5-dione (SB415286), ctc., or functional analogs or derivatives thereof,

1.e., compounds which contain functional groups which render the compound of
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st when administered to a subject.
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20 signalling pathway repressor in such a way that said pathway is
activated. According to this enbodinent, a cell selected fromthe group
consi sti Myoah1322M8E, a progenitor cell and a MSC, is comCamPed2/0e33Q7 ,
cultured or incubated, with an inhibitor of a Whit/13- catenin signalling
pat hway repressor. The amount of said :/v? ibitor of a Wit/ I 3-catenin
signal ling pathway repressor nmay vary within a range; nevertheless,
preferably, the 25 inhibitor of a Wit/13-catenin signalling pathway
repressor wll E@rtb@rd@@mmwaofé@Sﬂ%u@h@ﬁ@@mre known, toj Hoggh slahed i tbmnatth

| I
ot the ool reoRalsTrECERAINEL IR afinely 68 S OaRRAIENO Db Mo St

1 to about r&etdnhésm‘lteﬁlt@rﬁﬁdeﬁexu@p& wndu@ &K -Sdnlsibe& dosnpolnds &pdBclok&l
culture condition (see be {)Z unt of inhibitor of Wit/ | 3-catenin

pat hway 301} E&r%%oé S0 rUSa (PQ%%%BS&W&% 02/ 20950 fVO THoY (B71imiding eni n
accuml &t edp 1 pbfing ol el foARBCBEChdoR (DDA USRN (B4 SE! bty v L

whi ch cel | nmedi at ed reprogr nm ng 1S observéd can term ned by
t he skill edVﬁéft/ééM(i n(btdyehar badoy mmapeuﬂ@ 2013/ DHOVIBRCYY QM 06BIAT 35
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repressor, g lpaaﬁd‘s%aaae ﬁ{b@&‘a{l%fo@éd HPW@TGQ/ZQ%S wl%lfﬂoﬁé %Q&ed%’o&ﬁﬁ?ﬂﬁd@f tinme
before transplantation of the so treated cells into an ani mal and t hen

anal yzi ng iUS 0%004/GQI§7Q)7n ﬁmdpbt édsade proogroand)ngUd c 200401388173 exanlpicaclic by

dorect 19, 0 Sfo i U P IOHTsE REETS. R LI O 0 o
particul ar E&&@dﬂym&npohh@s)c@uhﬁeramn B eahesto doffBuRIAsn@idd MbicRicketic of a

Wht /| 3-catenin pat hway repressor (GSK-3), in a suitable anpunt of about 1-3
i uM for 24 mplgatidy %,elqcﬂaﬁ G9Ka Barhibiiors ey epadrhyalobasoned Fehnsph angh dessabed

particul ar ;enBodi RN, k188, G8!hodB" MBS dlbnt BE15EFM BNt PfrtidufreldaRiple
being 10,11,13,14,16,17,19,20,22,23-Decahydro-9,4:24,29-dimetho-1H -dipyrido (2,3-
15 n:3",2'-t) pyrrolo (3,4-q)-(1,4,7,10,13,22) tetraoxadiazacyclotetracosine-1,3 (2H)-dione.
Further, substituted aminopyrimidine derivatives CHIR 98014 (6-pyridinediamine, N6-
[2-[[4-(2,4-dichlorophenyl)-5-(1H-imidazol-1-yl)-2-pyrimidinyl Jamino]ethyl]-3-nitro-)
and CHIR 99021 (6-{2-[4-(2,4-dichloro-phenyl)-5-(4-methyl-1H-imidazol-2-yl)-
pyrimidin-2-ylamino]-ethylamino } -nicotinonitrile) inhibit human GSK-3 potently.
20  Also, a number of other GSK-3 inhibitors which may be useful in the present invention
are commercially available from Calbiochem®, for example: 5-methyl-1H-pyrazol-3-
yl)-(2-phenylquinazolin-4-yl)amine, 4-benzyl-2-methyl-1,2,4-thiadiazolidine-3,5-dione
(TDZDS), 2-thio(3-iodobenzyl)-5-(1-pyridyl)-[1,3,4]-oxadiazole, 3-(1-(3-hydroxy-
propyl)-1H-pyrrolo[2,3-b]pyridin-3-yl]-4-pyrazin-2-yl-pyrrole-2,5-dione, etc. Included
25 within the scope of the invention are the functional analogs or derivatives of the above
mentioned compounds.
For a review of compounds capable of activating the Wnt/B-catenin signalling
pathway see Chen et al, Am J Physiol Gastrointest Liver Physiol. 2010, Barker et al.,
Nat Rev Drug Discov. 2006 and Meijer et al, Trends Pharmacol Sci. 2004.
30 In a particular embodiment, the compound used for treating a cell selected from
the group consisting of a HSC, a progenitor cell, a MSC and any combination thereof,

in such a way that the Wnt/B-catenin signalling pathway thereof is activated is selected



10 degeneration disease according to the invention, selected fromthe group
consisting of a HSC, a progenitor cell and a MSC, which nay be present in a
cel | popuwveatnomestismenti oned above, is a cell that over eXpEPIGIRH6T27
Wit/ | 3-cat eni n pat hway activator. As used herein, a "cell that
overexpresses a Wit/ 1 3-catenin signalli 29 pat hway activator” is a cell,
such as a cell selected fromthe group consisting of a HSC, a 15 progenitor
cell and a MSC, that has been genetically mani pul ated to overexpress a

Wt / | 3- cat ok the graapl ¢aigispag h)%a%/ Vaist isoferor B-citanini h Regoadiptor | fanetimehi n

signal ling tiv ' epid de protein., f.n, Ll el an
cmbodi ment R04TS W b Therndh, 0RTRGHF BEARDRLEL B0 Bp B bARHO ),
protei n i sobofynamineh6d3-nWihdxypWédy2)pyiitidibé, 1a, (Wdtdrd)aryipirdaididdbuch Witfoa,

Wit 5b, Wit 6, Wit 7a, Wit 8a, Wit 8b, Wit 9a, 20 Wit9bh. Wiatl Oa, Wiatl Cb, Wit

1, Witl 6, csimales yhdeiamarylnarmidie ooy fentDy HE) ebf V) ATablet her GSK-3
particular ;anhesh I - IR S| i : Y, i or is
=" cat e n Ot R o A e PR N okt

parti cul ar seidb@ditmenotein SsafornWik / deBectdt &nimn tisd gradpl cogpispag holaywisds iwalor i s
a R-spondin, s a - spondi n- 1 ondin-2,  R- ndi n- 3 - ndi.n-4, or a
functi onal ngtggﬁﬁmah&rf‘&gﬂﬁa gfntﬁl’r\géﬁsépw@%b’ WB@ nt??rr\gﬁf@m&mq&flﬁgbt he

pol ynucl eotyyg®, C SUROL S ivast10he W2 Ot H €1,S &K ENC 8n@ NGRiRdiohBethereof, or |

Wit/ 1 3-catenin signalling pathway activator is conprised in an expression
cassette, dwtbtionildapentyendilagmeitdéhdreofopeammtherphiticobngmbpdingant,esaid WntBr t he
control of) an. expression,caontrol segugnce of sai ol ynucl eot i de

conpr 1 sl B B ERaRT: BlnEan RiuSER B, el RedRBNCUEARP ot dgmsnt i ng
pat hway acthat@$forin RO SHdraful &0 BibBHinSRE USHE EWnBP-calcinS SRUEINE L Spdtady
control and regulate transcription and, where appropriate, translation of a

protein, ametiyawi isdeR ppen svchsesgrenendin-1s Ropendias. dnensuidig3 tRapedin-gt i onal
regul ators, .ri : -bicndi . and/or transcription

t erm nat or %f%i1§%2%5%%71§%3%]l%g%gétggéég sequences. In a particul ar
enbodi nent, sai dn expthes paaituld initeldirsequerc SFRB1 fidhibitbo nalW AN -Eig686.y 0t | C

cells, such as mammmal ian cells, preferably human cells, for exanple, the
human cl oRBYRFOWRFISE A neRRedipeRoier GSEne i8BREPHAS isstectsd figm the group

cyt omegal oyhhusieOMY) 2 Sithlum S@RanGer AN ShGAKE K BloDes R a6k

pr onot er (&G#,ém{ghe e%kar;}%l%i% 5 rgaeﬁag)}l}gtn?onm?ni tllga?ig’on ?éctgjr edI)F ©
pronot er, &HIR99021, ARNGIALAGeBBA1%763 al lAZBx3), 31 1688 @ amsleditye cdrabinhtgon
conpri ses alb%raqr;ker or gene encoding a notive or for a phenotype all ow ng
the sel ect iUYH°Yf the host cell transformed with said expression cassette.
IlTustrative exaimlfsfefbd RSB EMS WhHAB-c&eRh ki RRIIRIE SRMwdyNadiRior is
expression cassette of the invention include antiDbiotic-resistant genes,

t oxi ¢ 1% coehdahdomebi sramtcogsisteng off WoBrelcemninpBripendinxpreds combigeines, and
generally all those genes that allow selecti th keal ly t.ransfornmed
Qoo The Tt Bt rerkai pRbpAYRE ook ok AT pEERE! bedleph SR or ce
of the vectyathwilyl depgend selcttierdioshe ¢Rlub dUASKEnd bf WIO, CHIRSOQRIENNYa be

i ntroduced. By way of illustration, the vector in which the pol ynucl eoti de
conpri si ng ceHengtien gwrdode sequence encodi ng the Wit/ 3-catenin 15
signal | i ng pat hyay ' or . S 1 QLr e I 1 d .0 r
whi ch, when i nt\ri\%l u?g@klﬁ%} aernﬁﬂoozl%dléc}g ?&ugg?hfé?q’ggclgﬁtgg *qu?]a[ﬁé'glrltatB g }(;ér%ﬁl%gt in
t he genmire defensadtidnCdlstase Sadodrdiggttor tizainveationt aionedobyin consetinpopuladion

met hods known by persons skilled in the art [ Sanbrqok and Russel],.

"Mbl ecul ar C@MBHPAY 2 PAvpHyR etk elivthe ap ?elgg delseted frem) the sEouMmepnsisting pf
Laborat ory ,Rgegs tor2QP oMol lis al Q& t i Gl hadi e 18 d 20
r econbi nanta vggi%rpwfgsgn%o%%ct él}{ th/g%éilg aués%ef ﬁg&][dotv tragﬁlggg?mgng g%?ana

cel s, prefpethablyyactimatoalin snclcel sy thati shid @ethevaycianadtieatad ed ctardingatos fhoy m

transfect or .infect cells such . as cells selected fromthe group ¢ jstin
e o et Stk & 2AGTART Sl At AEm hf BhubaSrSutio i HSEy oy
cell's can taeplegixﬁﬂ'op%@n B¥d %FI?I‘S@”G& esahctOEtde dsulkReNBr %ugﬁéé,qolﬁh skivhi/gd in

the art [ Sanbrok and Russel |, (2001), ci'ted supra]. e cells for use in
t he treat msatenivf signglbng mathvaegesiortori dhe dinsams eofaged Wnvgcatoninhsghalemt i on,

selected fromthe group consisting of a HSC .a, praogenitor c nd, a. MSC,
o e or abl y OB areiv R PE VRGN o ands SRR PR B oA U s,
The specific cells may be isolated in view of their markers as it has been
previously nmentioned. Isolated cells may be transferred to sterile tissue
culture vessels, either 30 uncoated or coated with extracellular matrix or
| i gands such as lam nin, collagen (native, denatured or crosslinked),
gelatin, flbronectin, and other extracellular matrix proteins. The cells
for use in the treatnent of a retinal degeneration disease according to WO

NN A PN NN NS AN VT | s A S NPT erN™ I~y



the invention may be cultured in any suitable culture nedi um (dependi ng on
the nature of the cells) capable of sustaining growh of said cells such
as, for ewergpizen20BVEM (high or | ow glucose), advanced DRENEPRDNENGIZDB 201,
Eagl eL basal nedium HantS F10 medi um (F10), HanS F-12 medi um (F12),

| scove's nodified Dul becco's - 5 17 nedi,ym DVEM F12, RPM 1640, etc. If
necessary, the culture nmedium nmay be suppl enented with one or nore
components including, for exanple, fetal bovine serum (FBS); equine serum

(ES): hunarigseHing nadsyay petivatoreviape @éd@daﬁbla S(uBPJEe mmoszE) pr af @mpynt
bout 0. 0019 J
o1 at el e - adrofeaelis Rt IR QR R of By e Giu A Rafls myeqnatyhe

fibrobl ast cgnovh 1fla$1fa§ﬁﬁle 1th @Fﬁilculmsmb&me@ndwtrb@gd af apoei b0 fracabout

(VEGF), insulin-li kewgrowth factor-l (IGF-1), | eukocyte jnhibitory factor
(LIF), stenl8ey/ml dcWaria oer)beak e'?oyfrﬁ%t i &ells ungsyt giktphlesspagific culture

interl eu§<| Rorditibis, The abldufif 1)19%’& Il-s@ﬂalléf%/ﬁath{wgﬁ abtWaBst G Bl!f LIGSE o3

(F1t3); amino acids, including L va I ne; e or  nore antibiotic and/or
anti nmycot i @bmgeatspedaﬁc emptnodf Prcatenibi @bumolatedniribt cals, asiucimsagatetion the

exanpl e, penicill G streptonycin. 15 sul hotericin B, gentam cin,
and nyst at "HCIC8t ohiBe S oUR By bR tied REOAN LN i3y V5T VS EETGF | 1

culture veggehaill © #RNKIM PQsH Ip’cﬂecﬁ{ lby gfoﬁ\’z‘érﬂmnal assaysVESh@den 101 byt he
sel ection of the nost appropriate culture rre ium nmedi um preparation, and

cell cult urcentlaetmgwihq wel vaithea WENYY/B-katovin fiathwayeactivetonrid diffarcniemncétsationn a

i et | udi 995
Gl t ar 21 o6hE BRSSP uPTBH et oS b alhar AR sy g GO an
Vang (eds. Janindd%hd th dmlyzi if cBil @ﬁ@@ph@ﬂﬁted%prbgfmﬁl@ ddeiERRRRamBest on.
As it is shown in Exanple 1, the cells, or the cell population, for use in

the treat mbhit de&ctlag ead/on épteﬁw&gefrhathmsws ehsadibisepidicd gello mareers. mant i on,
t | ant b
(10) 't ase Nurbl Festo RS KRt Ao 8RR, ifutn BB PRl B

de-di f f er entd &bﬁe@ﬁdthf ma]zd yts rvemm f:aftanﬁrﬁaﬂa:tagz hdtivaet, mlah sﬁﬁzﬂii@laﬁl,ouﬁ@bf

exanplegghotorecepto cel ganglion cells, etc. In
this cake, Pa é?@ﬁO\Qaltgﬂarf%% @\h@fpr%tr@éplémaﬁ%PE;W&M@?W@ cgldt hway in the
transpl anted ce &S al nd ffar n of
new y forned hyllI) S tha llE]%g 'y reﬂﬁ&#tf eﬂrléentélﬂatﬂsﬁen ne\%o‘{eﬁ ?B{Ni!ﬂ?\%lp

neur ons. Fwom@esmgtahpiunél\tgbof saiplvotlrfec emt mrthcettdasmaﬁi df ul ﬂe;analer@nm‘ramcm t he

retina in the transpl.anted mce, . with re functional. io These
ot o dermn A AR (R calR A B bR AN Bt Qe IS o ent

ocess, 1pERRR 81 abl ST L0, phigasdealaiodt oagpiain o
20 signalling pathway repressor in such a way that said pathway is activated. According to
this embodiment, a cell selected from the group consisting of a HSC, a progenitor cell
and a MSC, is contacted, e.g., cultured or incubated, with an inhibitor of a Wnt/[-
catenin signalling pathway repressor. The amount of said inhibitor of a Wnt/B-catenin
signalling pathway repressor may vary within a range; nevertheless, preferably, the
25 inhibitor of a Wnt/B-catenin signalling pathway repressor will be added in a suitable
amount, i.¢., in an amount which allows to obtain a specific amount of P-catenin
accumulated in the nucleus of the cells. By illustrative, in a particular embodiment, a
range of about 1 to about 3 uM of BIO may be used to treat said cells in a specific
culture condition (see below). The amount of inhibitor of Wnt/B-catenin pathway
30 repressor which allows to obtain a specific amount of B-catenin accumulated in the cells

and translocated in the nucleus of the cells with which cell fusion-mediated

reprogramming is observed can be determined by the skilled person in the art by means



38 signalling pathway. Retinitis Pignentosa (RP) is a very severe disease
for which no treatnent is currently avail able. However, retinal

regener atworzotmough transpl antati on of the cells or celPCTEPpukasizen for
use in the treatnent of a retinal degeneration di sease according to the

i nvention constitutes an approach for t?g rescue of vision in subjects 5
affected by RP or even by a variety of retinal degeneration diseases.

The cells or cell population for use in the treatnent of a retinal

degener at i ®haepssensethatmeniiimeg in Exemple; InBaistly owidcaspasbeomiyisds eentacting|the
therapy for _fgreatin Jretin n (N I (JFe] o) .
transplantgaﬁyﬁ dhh%P§W8g%f 3&% f%%mﬁﬁ%?Hgﬁgﬁgﬁ%%égdﬁé%ﬁﬁgn%%ﬁg%W%%$PS
retinal celah8 dusite Biffesent @tiicdl oMkl Beferearubplantatdn o@dhe gb in@hted etlisSintd &us
providing 10 hybrid cells which differentjate into one or nore phenotypes.
Accor di ng 28R end ileintnabing ik sckl fesemgiatsd repeerasiming ocawyeios catnpls:

di sease pcgur ) retf. : ks fusi on of
ai d col] ot hnd SR B e SRl ahn 5 i MR R e P e
glial cell NanRepdadr Hostinn@txd, Napene SSEA-tasc.He areicul@dtnitodithentphssalje of a

cell fromthe differ jated.state (or _differentiagted cell - j . e.. a cel
15 speci al RSV SIRES AT GG g Tk berie® ne s eprepiop e SReDem £ ¢ ha
cannot gengnadife AhbEft of YRGR 10§ etk 3X hitR A8 AP drkfloarrinat ®chi&t &g, (or
undifferentiated stemcell - i.e., a cell not specialized for a specific
function that rdnahetber pratipdercermbediment, ghoveclk fosaise an dpettatimenteef @ edting)) |
both at,]|evel of enbryonic state rogenitqgr state; but also. .

Fepr ogr Hhmingreia Ol ey et eSitecothe My, s9bo §l PbRunditio Bl SReivinnel 81 at e
to anot her HRA,f £pediehnbiedelbad & BB f WhicBXAMPIbE, prascht i abéals popli@ionbes ones
a neuron w thout going back to a precursor/enbryonic state, or a retina
neur on t hatmdsédenereaboxpos Asell that pyrIPxmesseonh Wit Bhestanigpathyabagivatos. a
precur sor/ enbryagni t o ket A LRk e r \Whg" S
niy o the de vy il aihhia cPERColEEGRN Syny LERERH ARG bERLES

di ff er enti atiiwiorfistdeclhyduch discelctls spleeted dugh ythé grempdc@sisting esud HSG, 4 he
cell 25 fusion between a cell (e.g., a HSC, a progenitor cell or a MsSC) and
a somat 1Y osrgenyter gell and peMSta) thfelisobeesr eanchieaiynmpnigiatad ©OepYYexpaess ised
herein, th )| TR PN fusi.on, t _ 1. O

occur s spont cra o aE LSRR Sk SR PR T ek
regul at es mathyvageactivatpmantaapepido cespesimsinwe [partacslac ednhbddahentandd cCwhnt/B-

differentiation. .Somatic cells can 30 fyse spontaneously with stem cells,
and tho reSHERMAYEPERS AENGHASTRIDR e o BhrPRATD IPTREN SHethat yiat - WeiZst om

cel | feat ungsBfi3sWaiM.C/ MR, 8R4 IWMLIAANNLOY W nid) &Y SO TBWInRAC Q8B M'hion, and
al l ow the reprogramm ng of the somatic cell nucleus. Thus, cell-cell tusion

is a wal0 \Wnt9b.1BnoeoRsroh, PArdh.AV 0853072 Bactienal sarisat phEagraen thireef. bel | |,

and in the case of .fusion w.th cell ch,as HSCs,. progenitor. cells,or
VECs, |t i  “RABRaRGTFh auEel il RalSN P s R R Ay oG8 1
dedi f f er entch@hinadt DfunsOom@l iverise!dr Fraghteat tHRvRAL O SndtRMEp st dnfitidiment,

fusi on-medi at ed reprogramm ng of a somatic cell is greatly enhanced by
t i me- dependeidtWagkicotaringigngtling pathway activator is a R-spondin such as R-spondin-1, R-

spondin-2, R-spondin-3, R-spondin-4, or a functional isoform, variant or fragment

s

25 thereof. In an embodiment, the polynucleotide comprising the nucleotide sequence
encoding the Wnt/B-catenin signalling pathway activator is comprised in an expression
cassette, and said polynucleotide is operatively bound to (i.e., under the control of) an
expression control sequence of said polynucleotide comprising the nucleotide sequence
encoding the Wnt/B-catenin signalling pathway activator. Expression control sequences

30 are sequences that control and regulate transcription and, where appropriate, translation
of a protein, and include promoter sequences, sequences encoding transcriptional

regulators, ribosome binding sequences (RBS) and/or transcription terminator



5 the Wit/ | 3-catenin signalling pathway. After Wit binding to its receptors
or inhibition of GSK-3, as a conponent of the destruction conpl ex,

13- cat eniwoi2e13edas| i zed and transl ocates into the nucl @03/EPAMIR065321T
activates several target genes. As used herein, the term"retinal
neuron” refers to the neurons which forgépart of the retina. The retina is
a light-sensitive tissue lining the inn surface of the eye. It is 10 a

| ayered structure with several |ayers of neurons interconnected by
synapses. TFh@icagdsy Imepartedat ¢raodimentdsai¢ exnrossisreontrplsequenceiigfimcgnal fhe

h | Nl f ) . d
Puncti o minkEyoin Selmornpal PRriRuPeYsdl BRI TR TR S8R (4 Cones

support dathini® oit@hanlands (hevper gepidtan thd cembition Af tthe kegtontagaloviras er
type of photorecept e phot osensi.tive gangj ion cell, is inportant for

or, th .
15 ref| exi VM Ospoiabanegt plemsat anthghickshibelagsinanrowpish 4 4 P BfctkaYPlids and
cones undergo Rt ALRIRIHBE £RY JSgseong of the retina. The output takes

b
the form of action potenti a?rg iﬁli)r etinal ganglion cells whose axons form
t he optic nerveAdvhetagetuslyalsaidexxponsiof umsdeae funicdrushenfroes 2anddbr oelgbisg

bi pol ar cells, amacrine cells, interplexifgrmcells, gangliop cells, anong
others. I nCAERIE BHOFIEC 8RIY a@éﬁ?@}%@@lﬁ% egﬁefeail%gﬁ fie _'ﬂgﬁ i suh
as 20 Ml | gFitc@id Sxphrdddloh@hss@ltd. Alusthil & Bxffed SresalBrnBrketsi iRt B8ld! beQfredche
retina and act as supporting cells, astrocytes and microglial cells

(Webvi si onin tTihexpregaoi xasscda odf the hevedonnmchdd aitibingic-rsysiamingerRar toxid |
Chapter.entitled *Aial cells,of the Retina", by Helga Kolb t July 31,
201) " 16" soap kP i e e SR BTt P e e oD ers Bl
neurons sucgen@s&haﬁalro@ﬂ&l@qmﬁttﬁ@géﬂe&ealgnﬁaﬂsﬁtrhﬁalcegi.iiaie_ gk lesngithencasbdvul | er
cells, etc., which fuse with the cells or cell population for use in the

treat ment ofscged Bt 3 pratablieissions Hid deicgiod diesecchr ot dicngnd en tha dostpgl tticen,
e.g., BIOt d s ticul [ t he
retinal neEt: gﬁ@ %g%ﬁ{r?%léf( gﬁﬁ%‘@ﬁ&%e SQ)v a§2§1§ Qﬁfsg?r%gnr’ itfriléeJ V%étlofrsﬁ) mlgﬁﬁ%euse
w th the tpahaptlasidd dobpEsingExtamiveled)ide | seqasrt hencqdarg ithell Snt/Brdaaginmrent
it is 30 contenplated the fusion of cells selected fromthe grou

consi st I'hg signallisepathyyayqaativelor 1t ditroducqdsean B a phannid o Ypéfqro\ﬁhifﬁe%@r ,

i ncl uding thy 62l hsef Qi1 iHacd NS LE&0BBE no' th £ said cell
0015) 02094 LB BEY hENC AL, VRer HRodE, I GRAYBERE nol the genome of said eell,

to the i nveatd wewtoramndepiihat bynortretiend mathals, knbisRCs; passdnls skiikbdgeious
BRI NE N P LN N TR TR
exanpl e, pReLAE ¢RERYrATab6RkdrS Pr&NY N 0R0EIEVbE1-31.Mh &gkt ®mbodiment, said
20 recombinant vector is a vector that is useful for transforming animal cells, preferably
mammalian cells. Said vector can be used to transform, transfect or infect cells such as
cells selected from the group consisting of HSCs, progenitor cells and MSCs.
Transformed, transfected or infected cells can be obtained by conventional methods
known by persons skilled in the art [Sambrok and Russell, (2001), cited supra].
25 The cells for use in the treatment of a retinal degeneration disease according to
the invention, selected from the group consisting of a HSC, a progenitor cell and a
MSC, preferably isolated cells, may be used to initiate, or seed, cell cultures. The
specific cells may be isolated in view of their markers as it has been previously
mentioned. Isolated cells may be transferred to sterile tissue culture vessels, either
30 uncoated or coated with extracellular matrix or ligands such as laminin, collagen
(native, denatured or crosslinked), gelatin, fibronectin, and other extracellular matrix

proteins. The cells for use in the treatment of a retinal degeneration disease according to



5 etc. In a particul ar enbodi nent, fused retinal neurons (e.g., rods) and
retinal glial cells (e.g., Miuller cells) are reprogrammed to mainly rods
(Exanpl e wp,201e0%as i n anot her particul ar enbodi nent f BsEkPe@RionEIR7 neur ons
(e.g., ganglion cells and/or amacrine cells) are reprogranmed to ganglion
cells and interneurons (Exanple 2). Al though the inventors w sh not to be
bound by any theory, it is believed that the 10 reprogramred reti nal
neurons may be of the same type (or different) as that of the retinal

neur on f usédle myentipa ey pe epltiged jn @i@piwtablp@nltn@rm@fh@mu (denendingrasigthprapiurof  a
retinal de e t Y Qn a y be
Fapr ogr amad oCals? SR BE SRR FRE POt st R R o ppls” BMEMTEY P3

gangl i on cehigh o&ﬂo@@ﬁols@e adwednked BIMEM, @MEM}MGDB Qell | Eagly s asdl epedighanmed
to a ganglion cell or to anather %éP}Q d;S retinal neuron_such as, e.g., a
H¥

rod, an ana&p&18angdiumt F10), 281 (Fly/Isepyeisapedifieh Pihecsas an
amacr i nes cqhl ., 0fi, .0 AR Ffz LT 9bab 8Lt N e@é‘sgﬁ}”t &Etu?egmea}v@m [measr pod, a

ganglion cell, etc. Furt a retinal gI| as a cel
after fusi cmpp/lbmbntad oathl oneror celrt cpopodcats muluﬂmlg, fos examplehtetdl beamosetunof a
retinal de ration dise ccordin e inventiaon, e

r epr ogr armehS b CUMESFRE (rPUAa bk F Erm%?apf‘t?t%og%\"ﬁé?f T of

retinal ne%&éf@raﬁliiﬁﬁ!bo% 0. ﬁ)l%,(v%)géﬂ&'o'r %or%e%ﬂom@rfaéﬂﬁc 'Térnexaﬁﬁﬂlé, 1Bcfet-
| ndeed, Exanpl e shows fusion of HSPCs with rods and the dlfferentlatlon

of the hbekUV@b@bsﬂoﬁmyHKBD6H®Omgmnmﬁlgbpﬁrﬁw@mKEGdeﬁmdeﬁ@ﬂnmmﬁénor
treat et ' i
et nar MEefTarRaffshRupd i EREARNE QG R GHTRk, 205 BRI GLFr 0 ©

anacrine cedlkdcytelighibit@thebor (Igin Ndm @kl Q‘hct@le@@)(aﬁidg}rythfdpbieﬁh efbkisies et C. )
medi ated by cell fusion of said cell or cel go pul ation for use 1n the

treatment @ ifeHeuking) (ladyenteriaeiod GLs@aEMSa kotyapsiee kinashd (Fideamiingh wi t h
said retingl; ce Acﬁldﬁ{}gngé%ﬁlgr &hd oﬁ% o?nm81t éﬁ?oel{;tgc_s Hﬁ(&/gﬂgn{%?éd_t% Q%eglng Itgn

retinal neurons suc ‘orece

cells, anacohtid Gedrbbial ebﬁtamhﬁutlaﬁotstn@r apafdri elangile, epdndellime . , stidptonfiein
treatnent of said retinal degeneratlon di sease conpri ses reprogramm.ng of
reti nal Ihedpb#e aehoserisdn By eripmiqigsindnystatigapighes glanedy iggpmbyisanation for

use in the .Lf cording to the
venti on e B B e O R, D001 327 41

dlfferentlatlonh@ﬁhmﬁeﬁnahuhmkmgnhpﬁnhdrmﬂthpmmpnmhenmmﬁenmﬁhmmfﬂmdmmt type

Ol s LS B PP hime BR3P O

variety of sources, including Doyle et al., (eds.), 1995, Cell & Tissue Culture:
20 Laboratory Procedures, John Wiley &Sons, Chichester; and Ho and Wang (eds.), 1991,
Animal Cell Bioreactors, Butterworth-Heinemann, Boston.

As it is shown in Example 1, the cells, or the cell population, for use in the
treatment of a retinal degeneration disease according to the invention, transplanted into
the subretinal space of rd/ mice at postnatal day 10 (p10) fuse with rods and Miiller

25 cells, thus forming hybrids which de-differentiate and finally re-differentiate in retinal
neurons, for example photoreceptor cells such as rods, etc., ganglion cells, etc. In this
case, the activation of Wnt/B-catenin signalling pathway in the transplanted cells
appears to be essential to induce de-differentiation of newly formed hybrids that finally
re-differentiate in newborn retinal neurons. Further, the newborn photoreceptor cells

30 fully regenerate the retina in the transplanted mice, with rescue of functional vision.
These data demonstrate that cell fusion-mediated regeneration is a very efficient process

in mammalian retina, and that it can be triggered by activation of Wnt/B-catenin



In a particular enbodinent, the retinal cells conprise retinal neurons
(e.g., rods, 5 ganglion cells, amacrine cells, etc.). In another particul ar
enbodi nerwQ 201320®6i nal cells conprise retinal glial celPC3/Epeo1gioss3Il | er
cells, etc.). In another particular enbodinment, the retinal cells conprise
retinal neurons (e.g., rods, ganglion cgéls amacrine cells, etc.) and
retinal glial cells (e.qg. NUIIer cells; etc.). A "retinal degeneration

di sease", as defined hereln is a disease associated with 10 deterioration
of the ret ismabingssthy. t&?@nﬁwdbg@ﬁaﬁo\% (B isey #ptyusavegedisepse ffor whicheld s of
e rett naly dhRp: i e Pk eRARG AL Ry SRARER Ehsful @it des

i ndirect causes o genieration, 1.
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neurons and/or retinal glial cells. Reprogramming, in general, can be referred to the
passage of a cell from the differentiated state (or differentiated cell — ie., a cell
15 specialized for a specific function, such as a heart, liver, etc., that cannot generate other
types of cells) to an undifferentiated state (or undifferentiated stem cell - i.e., a cell not
specialized for a specific function that retains the potential to give rise to specialized
cells), both at level of embryonic state or progenitor state; but also reprogramming can
be referred to the passage from one differentiated state to another differentiated state
20 (for example, a fibroblast that becomes a neuron without going back to a
precursor/embryonic state, or a retinal neuron that becomes another retinal neuron

without going back to a precursor/embryonic state). In this description,

“reprogramming” refers only to the de-differentiation of a somatic cell which is

followed by differentiation of the hybrid cells previously formed as a result of the cell
25 fusion between a cell (e.g., a HSC, a progenitor cell or a MSC) and a somatic cell (e.g.,
a retinal neuron or a retinal glial cell).

As used herein, the expression “cell fusion” relates to cell-cell fusion that occurs
spontaneously or mediated by exogenous agents. Cell-cell fusion regulates many
developmental processes as well as cell fate and cell differentiation. Somatic cells can

30 fuse spontancously with stem cells, and the resulting hybrid clones have a stem cell-like
phenotype. The stem cell features of stem cells are dominant over the somatic cell traits

and allow the reprogramming of the somatic cell nucleus. Thus, cell-cell fusion is a way
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eval uation cty, 2aRAQTITRdL.LIneRIdAMA @@ 8disQficre are glial cells in the retina such as
20  Miiller cells (Miiller glia), which are the main glial cell of the retina and act as
supporting cells, astrocytes and microglial cells (Webvision — The Organization of the
Retina and Visual System, Part II, Chapter entitled “Glial cells of the Retina”, by Helga
Kolb, dated July 31, 2012).
In a particular embodiment, the retinal cells comprise retinal neurons such as
25 rods and the like and retinal glial cells such as Miiller cells, etc., which fuse with the
cells or cell population for use in the treatment of a retinal degeneration disease
according to the invention, e.g., BIO-treated HSPCs (Example 1). In another particular
embodiment, the retinal neurons comprise ganglion cells and/or amacrine cells which
fuse with the transplanted HSPCs (Example 2). In another particular embodiment it is
30 contemplated the fusion of cells selected from the group consisting of HSCs, progenitor

cells, MSCs and any combination thereof, including the the cells for use in the treatment
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hybrid cells only into rods.
In a particular embodiment, the treatment of said retinal degeneration disease
comprises reprogramming of retinal cells, such as retinal neurons (e.g., rods, ganglion
25  cells, amacrine cells, etc.) and/or retinal glial cells (e.g., Miiller cells, etc.) mediated by
cell fusion of said cell or cell population for use in the treatment of a retinal
degeneration disecase according to the invention with said retinal cells and
differentiation of the resulting hybrid cells to retinal neurons such as photoreceptor cells
(e.g., rods, etc.), ganglion cells, amacrine cells, etc. In another particular embodiment,
30 the treatment of said retinal degeneration disease comprises reprogramming of retinal
neurons mediated by cell fusion of said cell or cell population for use in the treatment of

a retinal degeneration disease according to the invention with said retinal neurons and
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regenerati on. In a particul ar enbodi nent, the cell for use in the
treatment of a retinal degeneration disease according to Treatnment B, is a
HSC. I n another particular enbodinent, said cell is a LT-HSC or a ST-HSC.



I n anot her particul ar enbodinent, the cell for use in the treatnent of a
retinal 20 degeneration disease according to Treatnent B, is a progenitor
cell. I nwoabtsenop@arti cul ar enbodi nent, said progenitor PCEIHP2012/06332Ear | y
MPP, a Late MPP, a LRP, a CWP, a GW or a MEP. I n anot her particul ar
enbodi nent, the cell for use in the treatnent of a retinal degeneration

di sease according to Treatnent B, is a C. 25The cells for use in the
treatment of a retinal degeneration di sease according to Treatnent B may be
form ng pamredemizanylygnitae pyiphsral geting 3@élbl}’sa ighitiyR spaang of thp ecntrabaetienin of a

retinal de (S S th

present i n\g}rgér% [ or%hggﬁé% qa@g, J5[%1(r811{/%e}r§t llgr'ci)%m1§ u 3&@{1&1 8? ?hoﬁ%)c%tor %dspgglﬂﬁ ation
conpri si ng secomhwyaiegénerafon?zﬁcﬁﬁésl s, said cells being selected fromthe
group consisting of a hematopoietic stemcell (HSC), a_progenitor cell, a
mesenchynal st edd B¢ |00(1Wst:)0faﬁha RIRSFIE GRERNHAR oHcatmspoof reil degeneratione
treat ne Feh n e t WO
20131 020048 ERTE TS B S B R e R et s
to a cell plogercedtionndis@npriairdiggaopthurialdrtipnobr aepdpalatlsalaf id leslldairng

selected fromthe up _consi st n of a nltor cell, a MsC and
any conbi né’gFWCFWgﬁag&PmpP%}P%% Hsmﬁesafkﬁs@alﬂw ta l’glaf’%{ tichla POGRYERY at i on

di sease, bxeoﬁl%{%lag rc@mrbﬂlgr ﬁfanrtﬁé lca@sl fo@ Galsé $n trfeut@&uﬁémrcﬁ*td fe%haln@égrﬁgaﬁu@m d/ or
retinal glial "5 cells, nediated by cell fusion of said sai d
retinal cel@@asewp@dn@ﬁpdm alrvﬁmtngl (sed "ﬁ@ahmt @tl@db%ytoa&@vanam went dlic orivet
V\ht/l3 teln SI nallln (92’( qhthatle éhec Etorglll(gtlontls

i npl ant & 8?m sau‘B?Se PiRchrme o YGREgTORt? SPIRT r dEPRARton
degener at I Ql'ﬂseQdeS RASIRVialé US syrpeaTfsdirng sid drhhﬁlbam%belopﬂﬂ@nﬂ AhdaHbErefkion
provi des a cell popul ation conpri si nglil plurality of cells, said cells

bei ng sel ecte a5.r Hih eREPEE dip onert cnBlingdnestg Tde tcatigent eanppo deniopbylaged | | a
M5C and an L&Ur

dogenor at 1 S s AURPaNERATE o Bhicks® S Aple G bRt & i bR
signal ling opastuibwar)dcalo:éyrﬂptbﬁltsi ol ﬂﬁfdpﬁutﬁd.l@fmﬁﬁetﬁ t“OEt:lhrﬂﬁiatd’leura‘;bl&Vﬁmj/thH’ a
retinal glial cell fusion of said cell with said retinal cell upon
cont act ! fswp'@nésélﬁer etrﬂa%%‘@“?%t)ftﬁ‘ﬁl 128t in the eye of a subject.

15Al ternatively éﬂ’“ﬁe t e of
a cell popul ati gﬂﬁ?{ééln%?f%?é gaﬁg&g ur a i ty\hﬁ% gd%gefé?ﬂa9;baeld§ltce gtgléoltugg the

sel ect ed f neeof heragetgud scamsngs techigquds, HEComputegiesd txonl oeldgsaphVBCaATaod any

conbi nati o hereof, in the nmanufactur a pharnmaceuti cal co on for
e ot i AT qhisselic kS pREsranuSIHE) of sBuRO R Sl RmegaRg (kT

retinal celgbms AHERa@RLY, %tete@ﬁtnaﬂgﬂbpt}@m@w Xrvival 1'11553‘5159 byl @bnegos@@ﬂdr@m
nmedi ated by cell fusion of said cells with said retinal , said
r epr ogr #hmbygeimeving th@dﬁ%lﬁel@dwalawmg/atvlwﬂmfor ﬁhfeuW@mmmp@nEnargmg@I ling

pathway. or, altern t he, use of tion conprising a

P a1y oGl OP e Gt ool ingl® G oS B s SR TR B o
a HSC, a pﬁﬁ@g@n@@roﬂ:eflahsplméﬁéeﬂmdm@myocmmbtlmbl en 4 hevjeed , Forn emﬁple

manuf acture of a pharmaceutical conposition for the treatnent of 25
retinal deg&rei@nesnndhe diggencnppf reflrad geagneratign otisqagas may béeier@mlr@dcbv as
et nal NS eARY OF TRUINRh@L LA GElsfion TR AbASAN&C ha Ty 6F Sald
cells with retinal r epr ogr anm ng elng red

activati2on steiedsb@lwvoldrSﬁmaherphntogreg)vhal dAgag{epabdhvEye Discase STdy Pasdaretul ar s

of said HSCs, progenitor cells, and have been previously nmentioned.
30l n a par oY %W&ﬁ%@s Repert Ney §n2£010@rqh5085%m§el ]r9et1%{hall43ﬁ§ur ons
(e.g., rods, For the administration to a subject, the cells or cell population for use in the

treatment of a retinal degeneration disease according to the invention may be
formulated in a pharmaceutical composition, preparation or formulation, using
30 pharmaceutically acceptable carriers, which particulars will be discussed below under

section entitled ‘“Pharmaceutical composition”.



ganglion cells, amacrine cells, etc.). In another particul ar enbodi nent,
the retinal cells conprise retinal glial cells (e.g., Miuller cells, etc.).
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HSCs are selected fromLT-HSC, ST-HSC and conbi nati ons thereof. In
anot her particul ar enbodi nent, the cell population for use in the treatnent

of a retinal degengobaict aRpeltsarsmvantiar delags tto dreit saadted fodimhé Sesum
plurality of progenltor cells, In a Partlcular enbodlnent sai d progenitor

cel s are SENS¥EP farlt?mamov;’éwspew agprpganiopppl. apd pmrescichgpl stsmaeB,  VEP
and conby nq{n‘ Q2Sin {RE R fnent of a retlll éégé‘h&%ﬁoﬁﬂ{s% Ulb?'ire 5%% il Bf rdefng1 cel |

pOpU| ation use In the treatnent areti na dege | sease
accordi ng teollsTrsedt aerding wommrsi addoraciphalrghbl tollsomeMaEsl. by cell fuslon @& said

particul ar enpbodi t el | ul ati on for. use treatnen of a
retinal Qé%é’i‘gl F%}H raﬁl%agafgﬁ ’a%f‘&:‘gff PR g HE Sltn&efﬁ?él%teégﬁ’p?‘i@ég%P st
one HSC andVlgr@B @éteﬁlﬁa§gnsﬂﬁﬁ‘g @8R tRr oftRl lwoldd, @ciRdihb Cll is adi nent

said HSC cell is a LT-HSC of ‘a ST-HSC, in another partricul ar enbodi nent,
said pr ogermil\te@tml@etd\’ldes agnll Eeledtyd frpm, the groapeonPRingzo flaRRmMatopoMeic stenaydl or a

IVEP. ot L cul di t | at f

the tr ot méHRCr BORRRRSH Sailgzaargssep?@anr%fi%g%%@%éb JPRES B b Baent 5 "
conpri ses af J RASL @pendidlorndficQ, B rbﬁagﬁanﬁﬁlﬁﬁsl\@gdla{eﬂ B B WrgBlatenin
enbodi nent, said HSC cell is a LT-HSC or a ST- I n anot her

particul ar SizmBbaEmedways pba getinal pdbunel pom retinel pawon and/pea reteal ghsltccls a

retinal de%&@ﬁ&@ﬁ {)f&l(g'%ﬁ??ﬁﬁ SBG GA Qﬁ%ls‘éf?o Téo%?atc{%’f‘%auﬁc gt e'ﬂ%ﬁgetﬁl % &8st

one progenitor ce east one n a par I men sai d
progenitor icecleyc of asutfast) y MPP, a Late MPP, a LRP a CVMP, a GW or a MEP
251 n anot her particul ar enbodlnent t he ceII populatlon for use in the

treatmeht of a PeEMMiIVelyeleRiBravPidh Hisswasd ohdhomurmpn slatssdadhenic ¢ 2

conpri ses I t, one
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anot her parrmesemﬂhamab ntood casﬂa nt, ths anahufrcoge wif taophar@htcutisalacontmsitipn MeP tha Lat e

MPP, a LRP, a a MEP. 30In particul ar enbodi nen a cel
popul at i on MBS ef Pﬂeﬂ% depsranoR dishs, bydepiqgramming of retmal s, st B

retinal neurons and/or retinal glial cells, mediated by cell fusion of said cell with said
20 retinal cells, said reprogramming being mediated by activation of the Wnt/B-catenin
signalling pathway.

The particulars of the cell selected from the group consisting of a hematopoietic
stem cell, a progenitor cell, a mesenchymal stem cell, and the retinal degeneration
disecase to be treated have been previously discussed in connection with above

25 Treatment A, whose particulars are hereby incorporated.

In a particular embodiment, the retinal cells comprise retinal neurons (e.g., rods,
ganglion cells, amacrine cells, etc.). In another particular embodiment, the retinal cells
comprise retinal glial cells (e.g., Miiller cells, etc.). In another particular embodiment,
the retinal cells comprise retinal neurons (e.g., rods, ganglion cells, amacrine cells, etc.)

30 and retinal glial cells (e.g., Miiller cells, etc.).
In contrast to above Treatment A, in Treatment B it is not necessary that the cell

(HSC, progenitor cell or MSC) to be implanted has its Wnt/B-catenin signalling



degenerati on di sease according to Treatnent B is the cell conposition
identified as "HSPC', i.e., a cell population conprising HSCs, progenitor
cel | s andwbBess028@sd cel |l WO 2013/ 020945PCT/ EP2012/ 06532 T/E#801p0piskat i on
can be obtained, for exanple, frombone marrow, or, alternatively, by

m xi ng HSCs, progenitor cells and NBCS,4An the desired ratios or
proportions, in order to obtain a HSPC cell popul ation. Thus, said cel

popul ati on HSPC may i nclude HSC, progenitor cells and MSCs in different
ratios or pedwEytachrricd atihe sriclafelr etk is dmplantadtistoghe pye bicanscusatenathead t hat

sai d cell 91?281%)9 te'n85';e%1¥sl£ acg‘?it&? %?qo ] er%n%{st}a}[lgg oqi %ﬁt(/‘fj %tgnl(ﬁeiléﬁallgﬁ s by

convent i onal “neans

any sui t ablpathtvaghiticiter @Gﬁﬁﬁhﬁﬁ‘mf bﬁa WeRt/ B)Eat&mﬂ diglﬂlllllﬁglpﬁﬂlv&famrelbﬂéﬁor as it
correspondlnﬁ surface markers. Thus, in a particular enbodi nent, the HSPC

cel | popul &fi[l9K dingysssd belawi TRy apsprdigedo T&atmwt& étg\éﬁpft%ﬁcewwtéat tag cdlen in
MBCs. 1G C?HB@S hl:dghﬁ'l%or cell or Mg@ er ra@(ﬁf tpﬁ%??ocﬁs 1r{'qlt)]§nﬂaﬁéﬁ?ﬂft6 uels é}%l ttﬁZa to a

cell conpositio erei nafter 0 as conposi ti on “of
inventlon"VWmecﬁmmnamgmﬁmmgpﬁm&mphwuhﬁonefh@ﬂnhnsamﬂumebfacﬁhm@amkmﬂn are

sel ected fromthe grou consistigﬁﬁof henatoggi ti@_sten1cel t%ﬁs% 15
progeni t or SESf1EE CRYTEIOT OF SRt O¥PICEPTERS Hereatqpin H# R Sher eof
and wher ei Rcgaigt, 68 \lv§ath§i{@ce§§&%l' fs tMWtrbdindet 9@§eﬁ@ﬂaﬂo§ b&%i by 6?51%@15{ of

activated, or whérein the Wit/ 13-catenin signall said cells
i s acti vat eetinab cellsvxmqheas netyail deweny sndhervietingd eghiak ¢eéla;: mddlaieti Hvya@ell fusion of

w13 it aneneSng e ARy fEpiokiBhneenh Rl b0 e ufiBh i

over expr essyat/[@at¥ih/ digratlatee patﬁwsy gnakiib RgsPahbweiivaphi yatHer Wik/B-ctenin
particul ar enmbodi ment, the cell conposjtion of the invention is a

conposi ti onigRAkinginatharay| aasbe emiageRuss 9. alb |09n b@%hlmdé?yﬁhéfs@maﬁltg vdodh

till 9
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a result, for examle,. of haVIQ§ been treated with a Wit/ | 3-catenin
si gnal | I'ng op&Y ﬁd@yn%t&tm&f grWntdi-citprin signallingingthgy astivaion gy an isbidHpeefi H

Whnt/B-catenin signalling pathway repressor. Several assays performed by the inventors

have shown that after endogenous activation of the Wnt/f-catenin signalling pathway

reprogramming of the hybrid cells formed after damage is observed (Example 2). On

the other hand, recruitment of endogenous bone marrow cells (BMCs) after damage in

20 the eye and ectopic activation of Wnt/B-catenin signalling pathway is sufficient to

observe reprogramming of the hybrid cells (Example 2). Therefore, in a particular

embodiment, the cell for use in the treatment of a retinal degeneration disease according

to Treatment B (i.e., by reprogramming of retinal cells, such as retinal neurons and/or

retinal glial cells, mediated by cell fusion of said cell with said retinal cells, said

25 reprogramming being mediated by activation of the Wnt/B-catenin pathway) is a BMC

(c-kit+, sca-1+) recruited from the bone marrow (BM) into the eye and the eye is treated

with a Wnt/B-catenin signalling pathway activator in order to obtain regeneration of the
retinal tissue.

The effects of the activation of the Wnt/B-catenin signalling pathway, as well as

30 illustrative, non-limitative, examples of Wnt/B-catenin signalling pathway activators

and inhibitors of Wnt/B-catenin signalling pathway repressors have been discussed in

connection with above Treatment A, whose particulars are hereby incorporated.



signalling pathway repressor, or by manipulation to overexpress a
Wit/ 1 3-catenin signalling pathway activator). The cell conposition of the
i nvent i orwbunt3nmeodssonpri ses a medi un sai d medi um nust PETEPAPANGIRE Wit h
the cells contained in said conposition; 30 illustrative, non-limtative
exanpl es of nedi a which can be present ? the cell conmposition of the

I nvention include isotonic solutions optionally supplenented with WO
2013/ 020945PCT/ EP2012/ 065327 49 serum cell culture media or
alternatively, &xg@pled? sheys $bii @pongécrtmatlm@ Wﬂt/ﬁ1cg@@msslgnﬂéb@g atsdyum
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conposition, preparation, or fornulation, by usin har maceuti cal | y
accept abl e hyBid pafsgeactivate neuropgl precyrppraparkeis de.£., ARG siand &%86@%@% t o a
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conposition o I nvent 1 on” ecte group’ cons sting o
phar maceut ipcdifeaanpo$irtntoie alonpra mungeabdérﬁmia fineagedlin tlwetase o€dybridrelihe

group consisti 0 ojetic ste ell . enji.tor cel a
Tesenchy na O ECdRPCY RREITRL APy ORI R Ceur et SR ErG e
Wit /1 3- cat gjifdn§ '(QQathiweoQﬁtfoP%Hs)Ofwh%ﬁﬂ Qancf'elgle&rht% tﬁ&ﬁ'aﬂﬁé&ﬁretﬁ@ﬁﬁ@sue
pharmaceutical |y acceptable carrier, and a pharmaceuti ¢al composition

conpri sing alfernhieedy, lalbcté|qell$ @rmgﬂé)d' ES(E)smm retinal neurons can also proliferate and

10 differentiate, in addition to the neuroectodermal lincage, in endoderm and ectoderm
linecages what may result in formation of a teratoma. Following retinal damage and
induction of Wnt/B-catenin signalling pathway in the eye, cell-fusion-mediated
reprogramming also occurs after endogenous mobilisation of bone marrow cells in the
eyes. These data show that in-vivo reprogramming of terminally differentiated retinal

15 neurons is a possible mechanism of tissue regeneration.

In a particular embodiment, the cell for use in the treatment of a retinal
degeneration disease according to Treatment B, is a HSC. In another particular
embodiment, said cell is a LT-HSC or a ST-HSC.

In another particular embodiment, the cell for use in the treatment of a retinal

20 degeneration disease according to Treatment B, is a progenitor cell. In another
particular embodiment, said progenitor cell is an Early MPP, a Late MPP, a LRP, a
CMP, a GMP or a MEP.

In another particular embodiment, the cell for use in the treatment of a retinal
degeneration disease according to Treatment B, is a MSC.

25 The cells for use in the treatment of a retinal degeneration disease according to
Treatment B may be forming part of a population of said cells which use in the
treatment of a retinal degeneration disease constitutes an additional aspect of the present
invention.

Thus, the invention further relates to a cell population comprising a plurality of

30 cells, said cells being selected from the group consisting of a hematopoietic stem cell
(HSC), a progenitor cell, a mesenchymal stem cell (MSC) and any combination thereof,

for use in the treatment of a retinal degeneration disease according to Treatment B.



the group consisting of a hematopoietic stemcell (HSC), a progenitor cell,
a nesenchymal stemcell (MSC), and any conbination thereof, 20 in

conbi nat iwO 20iX0@sWht / | 3-cat eni n signalling pat hway acPCY&Per12os353an
inhibitor of a Wit/13-catenin signalling pathway repressor, and a
pharmaceutically acceptable carrier. 4. N order that the HSCs,
progenitor cells, and/or MSCs have their Wit/ 1 3-catenin S|gnaII|ng pat hway
activated [pharnaceutlcal conposition of the invention 1)], said 25 HSCs,
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salts or su%ﬂi&ﬁi&nnsaﬁﬂmmﬂﬁﬁgebfsswme&e etc. ) a buffering agent to
maintain the pH at a suitable pHto mnimze irritation of the E&e (%ig
caf®
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Subet ances TRRECREIARE BE Siuelofet e s aRAR R P utibo & EFOHE RSy
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and/or retinal glial cells, mediated by cell fusion of said cells with said retinal cells, said
reprogramming being mediated by activation of the Wnt/B-catenin signalling pathway.
The particulars of said HSCs, progenitor cells, and MSCs have been previously
mentioned.
30 In a particular embodiment, the retinal cells comprise retinal neurons (e.g., rods,

ganglion cells, amacrine cells, etc.). In another particular embodiment, the retinal cells

comprise retinal glial cells (e.g., Miiller cells, etc.). In another particular embodiment,



honbgeneous popul ations) or as mxtures with other cells, for exanple,
neurons, neural stemcells, retinal stemcells, ocular progenitor cells,
retinal owocorymeed4sepithelial stem 30 cells and/ or ot hePCEEHPROIROGBAT OF
pluripotent stemcells. Wiere the cells for use in the treatnent of a
retinal degeneration disease according b Treatnments A or B of the
invention are admnistered with other cells, they may be adm ni stered

si mul taneously or WD 2013/ 020945PCT/ EP2012/ 065327 51 sequentially with the
ot her cel | shqistintleellp egrapisseoetingl mevront (.ot g, grapliey cellphame@inesells, cte.)
different t - - 1 xed . |I's for use in the treatnment of a
retinal deﬁéﬁgiggﬁéﬁggﬁggég%Iﬁ%@%ﬁ ﬁ%ﬁﬁﬁB Treatnents A or B of the

i nventi on i nmedilataepartierlars frabédisnept; ithy céld paphithtidrs foradiseoin, the rtrdati@ant rEya be
co-cultured together for a period of tinme 5 prior to admnistration.
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sel ected extrace mat ri x conp
col | agen knewnl degenbatian diseavrcicosrdgigorot TredtarhoBsconfprdtehtdtast bah HYGsR, and

drugs (alterpatively, the cells may be genetically engi neered to express
and proHucé! lFrehanR pregeprpicsell. sy pafieylar pbstipeni S%i@é#ﬁ%ce(ﬂel_sg_L,T-HSC or a

eryt hr opoi &gy g i L&t d g i } wt h
oot or (1 G R O R B Q1 B e IV 185
anti- i nfl afiPRtootRP cotpbPuadiMP er g MER38 MAP ki nase inhibitors, 25 TG beta
inhibitors, statins, IL-6.and IL-1 inhibitors, Pemrolast, Tranil ast,

Rert cade, S r of (ARSI SEBRGIBET Gher PR SHRRRBRSF rlh SRR BE)
such as, f Qrre@XARAPtScraiBRABhderhecdr@InFRE MieatABE 15 URN AT RS at (Rt one HSC and

I Munosuppressi ve or i nmunonodul at ory agents, such as cal cineurin

i nhi bi t Y s at leFoRne MSGi Ingrmarticutariepbotinient. seiddSC celbrstd b3 of ASTdMC.
var e 20t ) SR 0 A0 B RNk BB
| ocal anesthedtings deéhchaidl Aisk&W. according to Treatment B comprises at least one
progenitor cell and at least one MSC. In a particular embodiment, said progenitor cell is
an Early MPP, a Late MPP, a LRP, a CMP, a GMP or a MEP.
25 In another particular embodiment, the cell population for use in the treatment of
a retinal degeneration disease according to Treatment B comprises at least one HSC, at
least one progenitor cell and at least one MSC. In a particular embodiment, said HSC
cell is a LT-HSC or a ST-HSC; in another particular embodiment, said progenitor cell is
an Early MPP, a Late MPP, a LRP, a CMP, a GMP or a MEP.
30 In a particular embodiment, a cell population for use in the treatment of a retinal
degeneration disease according to Treatment B is the cell composition identified as

“HSPC”, i.e., a cell population comprising HSCs, progenitor cells and MSCs; said cell



WO 2013/ 020945PCT/ EP2012/ 065327 52 The pharmaceutical conposition of
the invention nmay be typically fornmulated as liquid or fluid conpositions,
sem sol i d80(2e13n20948el s or hydrogel s), foanms, or porous POTEPI01CA6TF2T
polymeric matrices, conposites, calcium phosphate derivatives, and the

| i ke, as appropriate for ophthalmc ti sige engi neering) or particles for
cell encapsulation 5 fromnatural or synthetic origin to allow a better
adm nistration of the cells or a higher survival and function. In a
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i n the tech¥ntdireatedthargmalmgtiadedaycainqaakcdlisonsctivated, nf,exclidrain sa@ycelle haesi gned
for single-use 30 adnjnistration and do not contain preservat.ives.
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exci pi et s Wuidhcatenihyighelling gathpantastivatel. ant i oxi dants, as |isted above.
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25 signalling pathway activated (as a result, for example, of having been treated with a

Wnt/B-catenin signalling pathway activator, or with an inhibitor of a Wnt/B-catenin
signalling pathway repressor, or by manipulation to overexpress a Wnt/B-catenin
signalling pathway activator). The cell composition of the invention further comprises a
medium; said medium must be compatible with the cells contained in said composition;
30 illustrative, non-limitative examples of media which can be present in the cell

composition of the invention include isotonic solutions optionally supplemented with



10Dosage fornms and reginmes for admnistering the cells for use in the
treatnent of a retinal degeneration disease according to Treatnents A or B
of the irnwenniamows any of the other pharnmaceutical conpoSiEPR@R®6IIRTCri bed
herein are devel oped in accordance wi th good nedi cal practice, taking into
account the condition of the subject, e,g-. nature and extent of the

reti nal degenerative condition, age, sex, body weight and general 15

medi cal condition, and other factors known to nedical practitioners. Thus,
the ef f ect isv@mamstneulipfe modhapiedisturatively. &epds pamisplid: czcbdingdsrionivéscersed t o
a subj ect %ﬁﬁ&npﬁﬁgﬁ&prnined by these considerations as known in the art.
Nevert hel ess," 1 nh general, the pharmaceutical conposition of the invention
(or any of the other pharmaceutical conpositions described herein) wll
contain a 20 therapeutically effective anmount of the cells for use in the
treatment of a retinal degenerEharmaceytical eanpesitions ng to Treatments A or B
of the iqyiventi ory t i.ak | Ll said
cells tépprovidghfﬁéﬁ%gé?gggpt12%2%%%??%931%Eg%gﬂgﬁﬂgﬁzlEﬁﬁgéﬂ%gg a1?(;r{lthis
descri pt i onlischdvencterdmg tolgcapeuntsi A ahd B efthe ptdsere iavamtinh "mayehaddesintseréde
amount of cells for use in the treatnent of a retina degenera i on di sease
25 accordi Ny th ?ﬁ@&taﬁ‘é‘ﬁ’ccél ACGIPESTEPt hICPHYRNY i o WHITEHAISN c aB¥bl &Y
produci ng tohemgRsidady bhebaBeUlatGeref f ect (e.g., regenerate total or
partially the retina and/or rescue of functional vision, and the |ike) and
wi || generally Béuseinermiaspebtbyhe amengomtréletes ftact qriwrmadeatiedth agomtositiost i ¢s

f id L1 s. | d. the desired ther ic.effect, lly, th
Cher apelif + astittEF Tl s b RRUGP bR O A RN Bl o

a 30 retinahe gdogebeisatingdfdi sease according to Treatnents A or B of the
invention that nmust be adm nistered will depend on, anong other factors,
the characteristldcs of ahernsagspeeal compaslion cqmprisieg ptdaaphassll selegtpd fignsease,

the dosage form etc. R gIroan %o@s‘i'srtﬁgso?’a ﬁeﬁﬁto%%?e?ic stem cell (HSC), a progenitor

cell, a mesenchymal stem cell (MSC), and any combination thereof,

Lv@r

15 wherein the Wnt/B-catenin signalling pathway of said cells is
activated, and a pharmaceutically acceptable carrier, and
2) a pharmaceutical composition comprising at least a cell selected from
the group consisting of a hematopoietic stem cell (HSC), a progenitor
cell, a mesenchymal stem cell (MSC), and any combination thereof,
20 in combination with a Wnt/B-catenin signalling pathway activator or
an inhibitor of a Wnt/B-catenin signalling pathway repressor, and a
pharmaceutically acceptable carrier.
In order that the HSCs, progenitor cells, and/or MSCs have their Wnt/B-catenin
signalling pathway activated [pharmaceutical composition of the invention 1)], said
25 HSCs, progenitor cells and/or MSCs are treated with a Wnt/B-catenin signalling
pathway activator, or with an inhibitor of a Wnt/B-catenin signalling pathway repressor,
and/or are manipulated in order to overexpress a Wnt/B-catenin signalling pathway
activator.
The pharmaceutical composition of the invention can be used in the treatment of
30 aretinal degeneration disease.
As used herein, the term “carrier” includes vehicles, media or excipients,

whereby the cells for use in the treatment of a retinal degeneration disease according to



WO 2013/ 020945PCT/ EP2012/ 065327 54 nentioned in this invention nust only be
taken into account as a guideline for the person skilled in the art, who
nmust adj WO 201B/R0dsse dependi ng on t he af orenenti oned f &CTmP2012/0653a7
particul ar enbodi nent, the pharnaceutical conposition of the invention is
adm nistered in a dose containing betmegQ about 104 and about 1010 cells
for use in the 5 treatnent of a retinal "degeneration di sease according to
Treatnments A or B of the invention per eye, preferably between about 106
and 108 cellireatpents éyer B phthedpyention campeja@ainiserediPhsoysbp st sarige pedvng on

t he status | yt.,,on_of t subj ect. in . inter s pf _d

weeks or ngnﬁﬁgﬁﬁgagmﬂhsfmge(%g%agﬁkgﬁga@byhfﬂggé%%%ig%%sﬁglnogaéﬁﬁ%%%e.

10l n sonme ohe@sdcoiticalll tacdepyabhecattst iddhde @iy phgpibRidallt @ofnPatible carrier, for

phar macol ogi cal | y. i mmunosuppress a subject prior to initiating cel

therapy. TREEMPSYISBONECOHONG §hed 0 3{9@11 steHis sabie splutgn rdpsrhats byftreed

I NMMUNOS UPPT, J ;o Ol d b i | I cells
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el i m nat i ngeram, iprafenablyrveisipanslegde schantacHrgpli@mb @i @eld.) BVEM, dagwtc.i n 15
the art. As an 3Jternative,.the cells for. use.in the treatnent of retinal

degeneration di S85sBIRTAGTGCHCPBPAY A MEnt'S RVERUGE SFax KETPHYRRLFBADMRY be
genetlca||%oﬂ@@h&ﬁ@ﬁ;R@uwﬂﬂyﬁﬁnEQQbHn&HHHaﬂﬂﬁﬁﬁﬁéBkaﬁ%éﬁxaﬁf@xﬁﬂﬂ%ﬁﬁ{
aspect, the invention relates to a kit, hereinafter referred to as "kit of
t he i nvent iaphoxidaslagotteditéblofor vhelagadupistrenen &14.nNgDEHA, sddium skifite,sotumi si ng
at | east, a _cel,l. | ected fromth roup..consi sti.n f . a hematopoi.etic stem
cel - iy riuindfichfefrnoRRitonT sBERRENGREN Srufifedird e CIRuE Y
conbi nat i onlithvaioRef and\BRAiRirNsgcbRs Vaidoltic % amat ROisaltsi@nallfilener Radifaway of
said cells is activated, and instructions for use of the kit conponents,
and 2) a kimetgasgitiicspieg. abufferang ageng &9 maidpiadhe gbf #t enyuitablegrtd tp mevAsESt i ng
of a hemat i.eticcst.emcel HSO) | r i el. S L, stem
cel | (N0 AR Br UL, Lo b b o ARAVISRL, o BT R YR

Wit / | 3- cat @hatinabgival bompogtedn’wayuld dei at pHOT.2a6 789) altedautivdlpat pifl 783-7.4), a
Wit/ 1 3-catenin signalling pathway repressor, and instructions, for use of

the kit onpsbhesent sytte fay admoustiscen gpiba 3y s 7sasiim chloridefogmaks t hat
t he HSCs, |1 ar : : : hei /) 3~.caten :
signallingQgg@ﬁ§g§8%%%f%gﬁgﬁﬁ?E?§%g¥§t g&ﬁﬁ@gﬁ?ﬁ%&m%??zdgggg&gg%ggwn@
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of the invention may contain a preservative (e.g., benzalkonium chloride, benzethonium
20 chloride, chlorobutanol, phenylmercuric acetate or nitrate, thimerosal, methyl or
propylp8arabens, etc.). Said pharmaceutically acceptable substances which can be used
in the pharmaceutical composition of the invention are generally known by the persons
skilled in the art and are normally used in the preparation of cell compositions.
Examples of suitable pharmaceutical carriers are described, for example, in

25 “Remington's Pharmaceutical Sciences”, of E.W. Martin.
The cells for use in the treatment of a retinal degeneration disease according to
Treatments A or B of the invention may be administered alone (e.g., as substantially
homogeneous populations) or as mixtures with other cells, for example, neurons, neural
stem cells, retinal stem cells, ocular progenitor cells, retinal or corneal epithelial stem
30 cells and/or other multipotent or pluripotent stem cells. Where the cells for use in the
treatment of a retinal degeneration disease according to Treatments A or B of the

invention are administered with other cells, they may be administered simultaneously or



5 order to overexpress a Wit/I3-catenin signalling pathway activator.

The kit of the invention can be used in the treatnment of a retinal

degener atwonoti/eease. The particulars of the cell #CrmP2u2m63327 t he
treatment of a retinal degeneration disease according to Treatnments A or B
of the invention, pharnmaceuti cal conpos% |on of 10 the invention, and

reti nal degeneration disease to be treated have been previously nentloned
and are incorporated herein. Methods of treatnment According to another

aspect of tp@icnAybhpilthnthe pthastdelsl (fslﬁleprb@tqra@d afisr tha eder geflsa. The sellby ekt
having a r a n. t co es
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according to the jnvention, a pharmaceutical conposition of the |nvent|on
in an anouthomdy MEef m/@dr{l@w@%% o jleeyraey haro-qulgere fogethsh fefi saaiod of ies ei n
sai d trg@t$ﬁg}ﬁgﬁm5qgng 4 nal degeneration di sease occurs 20 by
reprograming of retina cells, such as retinal neurons and/or retinal
glial cells, nedihatcells fiy welid tlfeLtseannemfof&nalednadeiegmmttdn dBsdask acbrdiag tocel | s,

said repro annln ei ng t ed activation of .the Wit/ 3-catenin

pat hvay. Trdimep Ba Pl P, B o el ante o raReat fidy Rty Abalchentior
retinal degaperRatifal ﬁ‘ge‘%@%ﬁ% 8C ¢o daRP1d %rthﬁ FhAYBNMrbMie FROAS, TRAGHbhEA!
conposi tions of the invention, 25 retinal degeneration di seases to be
treated andn@fuiremru ofker antumagents, suchas as‘aﬂmﬂajnm@f@sxesgehaw@ntb@mptqiroeagemﬂs| y
mention are i ncor rticul ﬁ& .enbodi nent ,
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amacrine cehbsn i€t art, ehtﬁetatﬂgétﬁ@flnrhailﬁ%lé phaimReRad] a@ﬁ§;051tidhe of ﬁ{sdpallat@el I's
conprise retinal glial cells ler cells, etc I n anot her

particul ar DAt cogmoslﬁensﬁ éﬂtlmnmne@@sly orceayentgdlyr Bithnke ofber agiy e. g.

0 I20P 55 or SRS Bk SOk el s b

particul ar sgidbagémenberchdee thet bfitidnoy of ahé | ¢l acGubjadict dradetgasesr &dli nal
degenerati on di sease conprises the adm nistration of a pharmaceuti cal
conp05|¥ﬁoﬁb8$wﬁﬁ@nlnventlon 1), i.e., a pharnaceuti cal conp05|t|on
compri sing at | eaghpfsGfiliq seleabatl bf alhidiendiy i EORSLEA DI af

progeni tor cell BB& 18 aé& % n%?ngﬁ?%n % t ere ﬁﬁ%ﬁe?ﬁ sg? ce Is
have t heir ciihd fdr3rseat Ehmtreaﬂngna)lf |ai m‘gnqjaitegw&yatmtdlseaseeabcoajmg o Treatments

phar maceuti cal | ceptable carrier, in an anp tive to treat the
et nar - degomel O B ERieneher it pre 4k VB ek GRcH MO BplhER o
degener at | QRUbSRAR R QR 5(2}3);%15&&[ %er%mlﬁg Rdtrik %hﬁ%herﬁ?' Au%h UG 88
retinal neurons and/or retinal glial , hediated by cell fusion of said

cel I's wi& h maat dypeedf exdlagerknayn mahd aﬂe@ﬂdgrgamhrfgctb@s plgtela- n@édxl%sn@darby

activation d%];gst aﬁer\r/l\gttixlzellg t%gtceeﬂls rr]na%a%eh\geaﬁ/e'tically engineered to express and produce

growth factors); (3) anti- apoptotic agents (e.g., erythropoicetin (EPO), EPO mimetibody,
thrombopoietin, insulin-like growth factor (IGF)-I, IGF-II, hepatocyte growth factor,
caspase inhibitors); (4) anti- inflammatory compounds (e.g., p38 MAP kinase inhibitors,
25 TGF-beta inhibitors, statins, IL-6 and IL-1 inhibitors, Pemirolast, Tranilast, Remicade,
Sirolimus, and non-steroidal anti-inflammatory drugs (NSAIDS) such as, for example,
tepoxalin, tolmetin, and suprofen; (5) immunosuppressive or immunomodulatory
agents, such as calcineurin inhibitors, mTOR inhibitors, antiproliferatives,
corticosteroids and various antibodies; (6) antioxidants such as probucol, vitamins C
30 and E, coenzyme Q- 10, glutathione, L-cysteine, N- acetylcysteine, etc.; and (7) local

anesthetics, to name a few.



In order that the HSCs, progenitor cells, and/or MSCs have their
Wit/ 1 3-catenin signalling pathway activated [kit of the invention 1)], said
HSCs, progertionowel | s and/ or MSCs are treated with a WCTIEP2@atesszn
signalling pathway activator, or with an inhibitor of a Wht/13-catenin
signal l i ng pathway repressor, and/or ar e mani pul ated in 15 order to
overexpress a Wit/ 1 3-catenin signalling pathway activator. I n anot her

aspect, the invention provides a nethod for treating a sub1r ect having a
retinal degener dihf dhanaseical ¢ampositioq qfdhe Bentionihe be Bptaetly sergnulated as
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| east a, cell. sel.ected fromthe.qgroup ,consisting, 30 .of HS rogenitor
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and/or retinal glial cells, nmediated by cell fusion of said cells with said
reti nal IcelM&-0&43)r epr ogr ammi ng being 5 medi ated by activation of the

Wit /1 3- cat e_ni N ARk r}%@tﬁac utical ¢ EESEthe ISR M9y bS dEIEOELo thh le&'éBf at ed,
but not limted by, the Fol fow n exanpl es. EXAVPLE 1

a subject in need thereof (patient) in one or more of several delivery modes known in

the art. In an embodiment the pharmaceutical composition is implanted or delivered to

the retina or surrounding area, via periodic intraocular or intravitrea injection, or under

20 the retina. In addition ideally cells will be delivered only one time at the early onset of

the disease, however if there will be a reversion of the phenotype it might be possible

additional deliveries during the life of the subject. As it will be understood by a person

skilled in the art, sometimes the direct administration of the pharmaceutical composition

of the invention to the site wishing to benefit can be advantageous. Therefore, the direct

25 administration of the pharmaceutical composition of the invention to the desired organ

or tissue can be achieved by direct administration (e.g., through injection, etc.) by

means of inserting a suitable device, e.g., a suitable cannula, or by other means
mentioned in this description or known in the technique.

Pharmaceutical compositions for injection may be designed for single-use

30 administration and do not contain preservatives. Injectable solutions may have

isotonicity equivalent to 0.9% sodium chloride solution (osmolality of 290-300



10Haemat opoi etic stemcell fusion triggers retinal regeneration in a nouse

nodel of Retinitis Pignmentosa 1. Methods 15 Cell preparation

Li neage- 'wQaniveoHSPCs were isolated fromtotal bone naPCO@EPRI12Q682RFP m ce
(mce stably expressing CRE and red fluorescent protein [RFP]; provided by

Jackson Laboratories) using Lineage CelL,Depletion kits (MItenyi Biotech).
They were treated either wwth 1 iuMBIOor PBS and with 1 iuMtanoxifen for

24 h before 20 transplantation. Animals R26yrdi mce (mce carrying
t he R26Lox ISilsymos). itms mexbsgéamed iy addiionyefoadivmpehlorde prpxaipieats isael)

[ Srinivas ake. . B | . 4 (2 .25 Transpl antati on A
range of 1%&%%%&%%%%%9?@%%%&?&’géﬁg[g&%%ovr% ce previously anesthetized

Wi th an intrapelfTht adedhisiratjoncof tie Harkadeatital &onmpobiich difne (B@Entoh kg thel. O
ng/ kg, i.p.),. the eye |id opened careful]y, a small incision made bel ow t he
ora serr at aRifef wﬂh%e carisd qut By consentiwpliears doh s pgsaik phagisspiical on in

PBS was 4 nj6h6dtibi cln HRCadfhih ki SHho&i RAL Fout Ganl lary
was nai nﬂt aicﬁe Slgr%bttﬁenét{%ea olr Sa Eé)dut?dg lgestlclgﬁgs t{))‘?%vm (%Vrfe%?fu?}l. él_h[l)s/,\o

2013/ 02094 5@ ERROL2Y B6EB27F §Binkyd)rdatinEHACScts oMt i ally cases, theFphargeweutical
expression analaﬁsi S, .24 h after tation nouse retinal

cel.l transpl ti ssues
wer e i sol att@PaHboyiof Ay mygatdy Wiﬂﬁ bﬁr%ﬂﬁ&ﬁﬁ@rﬁ)uﬂ% RAKPESN PP EISES eﬂﬁs A

FACS cel | Bics08d ﬁﬁtaﬁ‘@sfoflMnﬁ&eri@eﬁt&ﬁ{'g&%%ﬁﬁkﬁ% BRHPRH ddig iRy i d

cells. Total RNA was extracted using RNA Isol ation cro kits (Q agen),

accordi ng tg. t he manufacturer protocol. The RNA was reverse-transcri bed
with SuperScriptylIll £lnvitrogen nd,gRTPCR reactions using Platin SYBR
o een abal x- UDGLETHG PFByed Raape BRHom AT keRe B SRT +ob  Pe TS
machi ne.  Alalre@xdd e gdiBRkiSn \WRkcRRESranFRe Tréuthentd|A 6818 ©f the invention or any of

the other pharmaceutical compositions described herein are developed in accordance

with good medical practice, taking into account the condition of the subject, ¢.g., nature

and extent of the retinal degenerative condition, age, sex, body weight and general

15 medical condition, and other factors known to medical practitioners. Thus, the effective

amount of a pharmaceutical composition to be administered to a subject will be
determined by these considerations as known in the art.

Nevertheless, in general, the pharmaceutical composition of the invention (or

any of the other pharmaceutical compositions described herein) will contain a

20 therapeutically effective amount of the cells for use in the treatment of a retinal

degeneration disease according to Treatments A or B of the invention, preferably a

substantially homogenous population of said cells to provide the desired therapeutic

effect. In the sense used in this description, the term “therapeutically effective amount”

relates to the amount of cells for use in the treatment of a retinal degeneration disease
25 according to Treatments A or B of the invention which is capable of producing the
desired therapeutic effect (e.g., regenerate total or partially the retina and/or rescue of
functional vision, and the like) and will generally be determined by, among other
factors, the characteristics of said cells themselves and the desired therapeutic effect.
Generally, the therapeutically effective amount of said cells for use in the treatment of a
30 retinal degeneration disease according to Treatments A or B of the invention that must
be administered will depend on, among other factors, the characteristics of the subject

himself, the seriousness of the disease, the dosage form, etc. For this purpose, the dose



10 and differences in cDNA i nput were conpensated for by normalisation to
expression of GAPDH. The prinmers used in the gRT-PCR anal ysis are shown in
Tabl e 2. wabkbs/RoMsuse specific primers for gRT- PCR SpeecCesPBanscBeyuence
5'-3" SEQ ID NO Gatal SuperArray Bioscience Corporation [ Cat al og No.
PPMR24651A- 200] Rhodopsin Fw GTAGATGACC%SGTTATAGATGGA 1 Rv GCAGAGAAGGAAGT
CAC CC &C 2

mentioned in this invention must only be taken into account as a guideline for the
person skilled in the art, who must adjust this dose depending on the aforementioned
factors. In a particular embodiment, the pharmaceutical composition of the invention is
administered in a dose containing between about 10* and about 10" cells for use in the

5 treatment of a retinal degeneration disease according to Treatments A or B of the
invention per eye, preferably between about 10° and 10° cells per eye. The dose of said
cells can be repeated depending on the status and evolution of the subject in temporal
intervals of days, weeks or months that must be established by the specialist in each
case.

10 In some occasions, it may be desirable or appropriate to pharmacologically
immunosuppress a subject prior to initiating cell therapy. This may be accomplished
through the use of systemic or local immunosuppressive agents, or it may be
accomplished by delivering the cells in an encapsulated device. These and other means
for reducing or eliminating an immune response to the transplanted cells are known in

15 the art. As an alternative, the cells for use in the treatment of a retinal degeneration
disease according to Treatments A or B of the invention may be genetically modified to

reduce their immunogenicity.

Kits
20 In another aspect, the invention relates to a kit, hereinafter referred to as “kit of
the invention”, selected from the group consisting of:

1) a kit comprising at least a cell selected from the group consisting of a
hematopoietic stem cell (HSC), a progenitor cell, a mesenchymal
stem cell (MSC), and any combination thereof, wherein the Wnt/B-

25 catenin signalling pathway of said cells is activated, and instructions
for use of the kit components, and

2) a kit comprising at least a cell selected from the group consisting of a
hematopoietic stem cell (HSC), a progenitor cell, a mesenchymal
stem cell (MSC), and any combination thereof, in combination with a

30 Wnt/B-catenin signalling pathway activator or an inhibitor of a
Wnt/B-catenin signalling pathway repressor, and instructions for use

of the kit components.



RDS Fw CGGGACTGGITCGAGATTC 3 Rv ATCCACGITGCTCTTGCTGC 4 Crx Fw
ATCCGCCAGAGCGTICCACT 5 Rv CCCATACTCAAGIGCCCCTA 6 Rx Fw GITCGGEGTCCAGGTATGGIT
7 Rv GCCOMOGAGHEEFAGAATCCTG 8 PCT/EP2012/065327

55

In order that the HSCs, progenitor cells, and/or MSCs have their Wnt/B-catenin
signalling pathway activated [kit of the invention 1)], said HSCs, progenitor cells and/or
MSCs are treated with a Wnt/B-catenin signalling pathway activator, or with an
inhibitor of a Wnt/B-catenin signalling pathway repressor, and/or are manipulated in

5 order to overexpress a Wnt/B-catenin signalling pathway activator.

The kit of the invention can be used in the treatment of a retinal degeneration
disease.

The particulars of the cells for use in the treatment of a retinal degeneration
disease according to Treatments A or B of the invention, pharmaceutical composition of

10 the invention, and retinal degeneration disease to be treated have been previously

mentioned and are incorporated herein.

Methods of treatment

According to another aspect of the invention, a method is provided for treating a

15 subject having a retinal degeneration disease (i.c., a patient), which comprises

administering to said subject in need of treatment a cell or a cell population for use in

the treatment of a retinal degeneration discase according to the invention, a

pharmaceutical composition of the invention, in an amount effective to treat the retinal

degeneration disease, wherein said treatment of the retinal degeneration disease occurs

20 by reprogramming of retinal cells, such as retinal neurons and/or retinal glial cells,

mediated by cell fusion of said cells with said retinal cells, said reprogramming being
mediated by activation of the Wnt/B-catenin pathway.

The particulars of the cells for use in the treatment of a retinal degeneration
disease according to the invention, pharmaceutical compositions of the invention,

25 retinal degeneration diseases to be treated and effective amount to treat said diseases
have been previously mentioned and are incorporated herein.

In a particular embodiment, the retinal cells comprise retinal neurons (e.g., rods,
ganglion cells, amacrine cells, etc.). In another particular embodiment, the retinal cells
comprise retinal glial cells (e.g., Miiller cells, etc.). In another particular embodiment,

30 the retinal cells comprise retinal neurons (e.g., rods, ganglion cells, amacrine cells, etc.)

and retinal glial cells (e.g., Miiller cells, etc.).



Chxl 0 Fw ATCCGCAGAGCGICCACT 9 Rv CGGTCACTGGAGGAAACATC 10 Nestin Fw
TGGAAGTGCCTACA 11 Rv TCAGCTTGGGGICAGG 12 Noggi n Fw CTTGGATGGCTTACACACCA 13
Rv TGIGGMIOCAGACORFCTGC 14 PCT/EP2012/065327
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In a particular embodiment, the method for treating a subject having a retinal
degeneration disease comprises the administration of a pharmaceutical composition of
the invention 1), i.e., a pharmaceutical composition comprising at least a cell selected
from the group consisting of a HSC, a progenitor cell, a MSC, and any combination

5 thereof, wherein said cells have their Wnt/B-catenin signalling pathway activated, and a
pharmaceutically acceptable carrier, in an amount effective to treat the retinal
degeneration disease, wherein said treatment of the retinal degeneration disease occurs
by reprogramming of retinal cells, such as retinal neurons and/or retinal glial cells,
mediated by cell fusion of said cells with said retinal cells, said reprogramming being

10  mediated by activation of the Wnt/B-catenin pathway.

In order that the HSCs, progenitor cells, and/or MSCs have their Wnt/B-catenin
signalling pathway activated [kit of the invention 1)], said HSCs, progenitor cells and/or
MSCs are treated with a Wnt/B-catenin signalling pathway activator, or with an
inhibitor of a Wnt/B-catenin signalling pathway repressor, and/or are manipulated in

15 order to overexpress a Wnt/B-catenin signalling pathway activator.

In another aspect, the invention provides a method for treating a subject having a
retinal degeneration disease (i.e., a patient), which comprises administering to said
subject in need of treatment a cell selected from the group consisting of HSCs,
progenitor cells and MSCs, or a cell population comprising a plurality of cells, said cells

20 being selected from the group consisting of HSCs, progenitor cells, MSCs, and any
combination thereof, or a pharmaceutical composition comprising said cell or cell
population, in an amount effective to treat the retinal degeneration disease, wherein said
treatment of the retinal degeneration disease occurs by reprogramming of retinal cells,
such as retinal neurons and/or retinal glial cells, mediated by cell fusion of said cells

25 with said retinal cells, said reprogramming being mediated by activation of the Wnt/B-
catenin pathway.

In a particular embodiment, the above method for treating a subject having a
retinal degeneration disease comprises the administration of a pharmaceutical
composition composition comprising at least a cell selected from the group consisting

30 of a HSC, a progenitor cell, a MSC, and any combination thereof, together with,
optionally, a Wnt/B-catenin signalling pathway activator, or an inhibitor of a Wnt/B-

catenin signalling pathway repressor, and a pharmaceutically acceptable carrier, in made



O x2 Fw GAGCTCAGICGCCACCTCTACT 15 Rv CC GCATTGGAC GTTAGAAAAG 16 [ Fw
Forward; Rv: Reverse] WO 2013/020945PCT/ EP2012/ 065327 59 TUNEL assay
Apopt ot i cwoueisdizomer e det ect ed by TdT-nmedi at ed dUTP t er rChaiP20120k33end

| abeling kit (TUNEL, fluorescein; Roche Diagnostics, Mnza, Italy)
according to the 5 producer S protocol Sy H&E st ai ni ng Briefly,

ti ssue sections were stained with Hi sto.E’erfectTM H&E Staining KitTM
(Manuf acturer: BBC Bi ochem cal) according to the producer S protocols. 10
Sanpl es t r d@npregits other than tp seliseef thpimeettiote th Byamenns eEpdiveitn tiges the retinal

par 1 ! SR RS P I TRESEOR L0 T, SRR, SR T
For fl uor edgeicp®gtditifdingssatdtinglg cellsh@ugh agrdtihal neurons and/or retinal glial cells,
mediated by cell fusion of said cells with said retinal cells, said reprogramming being

5 mediated by activation of the Wnt/B-catenin pathway.
The present invention is further illustrated, but not limited by, the following

examples.

EXAMPLE 1

10 Haematopoietic stem cell fusion triggers retinal regeneration in a mouse model of

Retinitis Pigmentosa

1. Methods

15  Cell preparation

Lineage-negative HSPCs were isolated from total bone marrow of Cre-RFP
mice (mice stably expressing CRE and red fluorescent protein [RFP]; provided by
Jackson Laboratories) using Lineage Cell Depletion kits (Miltenyi Biotech). They were
treated either with 1 uM BIO or PBS and with 1 uM tamoxifen for 24 h before

20  transplantation.

Animals
R26Y"™" mice (mice carrying the R26Lox-Stop-Lox-YFP transgene and
homozygous for the rd/ mutation) [Srinivas et al., BMC Dev Biol 1,4 (2001)].
25

Transplantation

A range of 10°-10° cells were transplanted in mice previously anesthetized with an
intraperitoneal injection of ketamine: metomidine (80 mg/kg: 1.0 mg/kg, i.p.), the eye

lid opened carefully, a small incision made below the ora serrata and 1 up to 5 ul of a

30 solution containing cell suspension in PBS was injected into the vitreus or in the
subretinal space. The capillary was maintained in the eye for about 3 seconds to avoid

reflux.



15 anti bodi es used were: anti-Nestin (1:300, Abcam, anti-Qx2 (1:200,
Abcam), anti-Noggin (1:200, Abcan), anti-Thyl.1 (1:100, Abcam,

ant i - syntwi2oi3(a20s8, Sigma), antiglutanm ne synt hetase (8CEHMR2012/04130)
anti-Annexin V (1:200, Abcan) and anti-Ki 67 (Sigma, 1.100). The secondary
anti bodi es used were: anti-nouse |1gG angéf anti-rabbit 1gG anti bodies
conjugated with Al exa Fluor 488, Al exa uor 546 or Al exa Fluor 633 20
(1:1000; Mol ecul ar Probes, Invitrogen). Statistical analysis The
nunbers of i mmunoreactive or YFP-positive cells within three different
retinal artﬁal?i M@%Cé‘ : eljtig% were counted in individual sections. A total of
10 seri al i e exam ned for each eye, fromat |east three

di fferent mce. Foppetapicstibe ahaligl2ydi dter chie trdddpiantiioa nex3e eqiattigscsreans
SEM as pooled . fromat |east three independent experinents, each carrjed
out in dupMEatwlated apg disagaregeirdtin drxrsel. bygmerhagical tratugatigay 4sFAGSHeel!

bl i ndne J [ i f -t NS.1iN f 00
nonn genest T F ot ar to, FRoME I KO ek h TN BUE AN TR FRas
[ pi i ]10. 1038frate® hdinig (REAOJsolatiRd| Mikiro ekisafQigga) s pantding doshe enessionecr WO
2013/ 020945PCT/ P,fOl 065327 60 nutati o i.qbéhe DE655 gg{le tha)t e clgges t he
0 subunit &FOR§RY The -%%EQVFTSE'@“&@%@&’W BirERG s M bpvaropen) anehiiR Ty o5
of functi opdRItALHOR hESYPIRinkA SRR lfPLHQUDRY ¢lnkvar 3B fAZini 4h t he
rods, which in turn | eads to photoreceptor cell death [Doonan et al. Invest
Qpht hal nol ABIsPrSen 74@) re3b8acIXIB maghine 48/ £8pFEBOtSwere performed in triplicate,

[pii]10,1167/i,q¥s. 05-02 2005)] . Rdl mc¢ honozy.gqus for thi.s

it a1 ol AN oGy eR B AT TR ke Fempllage Tty SR RSl Pae ettt of o
degener at i (@APDHEERBEprimers used{BRES RTPCRILALIPAE @Rishewh s TédIaL. can give rise
to all types of blood cells. In agdition, t hey have been proposed to retain
some plasticity with sone degree of rd@®le}ative potential for different

ti ssues, including for theMNSe[sheeHicgmimersado gRU-PCR Front Bi osci 12, 1-12

(2007)]. | Specie#Glenwat i on of t hSedMence 3>-8at eni n pat hway h&EQ@EBMNOhown tp
pronot e preliferationand-dedifferentiationof MiHergha{(Millercells
in di ffergrﬁ‘”%use. nccﬁé‘P%r%TaXr%‘P?%%ﬂce%%?Té?%ﬁi on, suggesting a possible
Fet al |3 Neuroscr |50 AN PAHEBOAM ' 15 Tndeea, "inventord fecently
reported titvdgein odi| FvaGiliAGATOACHGEEFTATIAGRTGateni n pat hwaly via Wit 3a
enhances {he r epr ogr A (5 ARG BT BRACOF CRE | 4 af {or oeld T uston
e L S T o O BRIt T
activation of the Wit|/RBATECANTGITGCTCTTGCTGC 4
Crx Fw ATCCGCAGAGCGTCCACT 5
Rv CCCATACTCAAGTGCCCCTA 6
Rx Fw GTTCGGGTCCAGGTATGGTT 7
Rv GCGAGGAGGGGAGAATCCTG 8
Chx10 Fw ATCCGCAGAGCGTCCACT 9
Rv CGGTCACTGGAGGAAACATC 10
Nestin Fw TGGAAGTGGCTACA 11
Rv TCAGCTTGGGGTCAGG 12
Noggin Fw CTTGGATGGCTTACACACCA 13
Rv TGTGGTCACAGACCTTCTGC 14
Ox2 Fw GAGCTCAGTCGCCACCTCTACT 15
Rv CCGCATTGGACGTTAGAAAAG 16

[Fw: Forward; Rv: Reverse]



20 pathway in transplanted HSPCs m ght be a nechanismfor retinal
regeneration and functional vision rescue in rdl mce. Thus,

i nvent or swonamgpbent ed Li n- HSPCsCRE/ RFP (i sol at ed fr ompd®m®ro12i068325t abl y
expressing CRE and red fluorescent protein [RFP]) subretinally in the eyes
of postnatal day 10 (pl0) R26Yrdi m ce gé:arryi ng the R26Lox- St op- Lox- YFP
transgene and 25 honobzygous for the rdl "frutation) and sacrificed the mce
24 h later. It was expected to observe RFP and yell ow fl uorescent protein
(YFP) doubl e-positive hybrid cells in case of cell fusion (Fig. la).

| ndeed, itmg%grved a very high nunber of hybrids (RFP/YFP-positive) in
the outer yer (ONL) of the retina, and sone in the inner nuclear
layer (INL) (Fi eapoptdtic @dMi¢ivertoostchiay ebypreMi-mudiaeds oM tdadainat heckSSikt 3

i nhi bitor BI O does not increase the fusign efficiency of ESCs with neural

progeni t or 1&eling kity M NEl {lygrgscgingRoghe Disgnostcse Magasliphy hpccosing (teyths,

here it arable levels of hybrids in the ONL WD
2013/026%2%58#?%%%@%5%8%2327 61 when inventors transpl anted HSPCscRE' RFP
pre-treated with BIO for 24 h (henceforth referred to as BIO HSPCs), to
activate t ﬁ égt[LS-catenin pathway (Fig. Ib and Ic). This ruled out a role
for BIOinH g fusion efficiency in vivo. In contrast, it was not
observed any fU%h&By?MﬁﬂEs@ﬁk@ﬁyﬁ%@éﬁﬁk&@%ﬂiHﬂﬂ§PEﬁ&ﬁﬂtk&@@shﬁhﬁ§0@ﬁﬁ!
wld-type 5 RR6Y mcCe at pl0 (Fig. Id and le), show ng that the genetic
cel | damagéManiggare: BBSI Binclivaioa kacooedingitl the pradoess saprdtosiSPCs .
HSPCSCRE)(not RFP positive) were then transplanted subretinally in R26Yr1l
mce toi1dentify the retinal cell fusion partners. These HSPCs fused

speci fi cal ISgmpidshrea@gimti N the ONL (rhodopsi n/ YPF doubl e-positive cells)
(Fig. 2b) and with Muller _cells 10 (gl utam ne synthetase/ YFP

doubl e- posi ti ve Téskessyererixpd peimmegsigaviard %o fpasifenmaldahyée avernse andpln and
cones was bser ' d)-: - e ti [N lnce is
i T oady. appa S eLRFIOF trhbun trisgus ok SFPARACRANA eBgllof JoihF2 ! 2
consequencehickiaRe sYerdl peireged apophagdis Rurdhdegesat dinnampsthiying?0hd bamanar e

al ready al nost conpletely gone. Interestingly er of apoptotic 15

5 i I t he nunb
phot or ebepBiRodies Fisds wares #BE NN A111300athsrmp extHEPEs (12 %hspbettarntn,
whi ch sugg s nedscell . d d,oF | &; . 24 h
after transpﬁgﬁiggﬁghA?%?gﬁag%$$@%24?ﬁ29h§%§¥ﬁ%%8{ %h%ﬁg?gggf%?€gxﬁy rids
t hat deri vethtimom fyngdicone @Bignive 18100) HEROSoREIRMP (1200 Alkdanmadndnenti-Eins7
(i.e., the BIO hybrids), there were |pow | evel s of apoptosi 0%. of .total
VEPepost 11 $aredun fapohnticas bty o padiap iy s, B1oBOMOHC i Bhrerbe . i n
the hybri dgg&onnBstiBet et RORHBIARLY PRbeasd Sttt FRbr Ki6 of Mdeaot115b33
neurons (i.e., no-BI O hybrids), there were high levels of cell death (75%
and a | ¥w ptd00q.Melccwar Rrabes, [dgogeR).g. 2f, 2g and Fig. 3). To
characterise the YFP/ RFP hybrids, they were FACS sorted fromthe
transpl anted retinas and anal ysed for expression of several precursor
neuronal amghtkbedl@hhifgb markers, by gRT-PCR anal ysis (Fig. 2h). The
neuronal precursors Nestin, Noggin and O x2 were clearly activated in the
Bl O hybrids, wi flHe|mmbsss PY ANMEROSRCtEeOTCY & P-TRsitiyi cecbiiwithip Hbkes rd&iHeisnbr

precur sor L r ' - ri:pheni ' e
expressed ?%{ g%%?%Q@Iﬁﬁﬁﬁﬂyg%g%ﬂ?ﬁf%@ngﬁ%?%?%%%%?b?ﬁ?mgﬁgﬁ%ﬁﬁ%?%%ﬁg%£HSPC
mar ker , 23nvermeers txamigbd fetaath eeg Ut atlcast thive dBif&etnyhicedBor dtatistical analysis,

the data were expressed as means =SEM, as pooled from at least three independent

experiments, each carried out in duplicate.

2. Results
30 Retinitis Pigmentosa is a devastating blindness disorder that arises from different
mutations in more than 100 known genes [Wright et al. Nat Rev Genet 11, 273-284,

doi:nrg2717 [pii]10.1038/nrg2717 (2010)]. Rd! mice carry a spontancous recessive



30 contrast, in the no-Bl O hybrids, there was no reactivation of precursor
cell markers or silencing of |ineage genes (Fig. 2h). WD

2013/ 0209%bRCUB/EPRE12/ 065327 62 The protein expre®srmP2ma96332En
anal ysed in sections. Here, the Bl O hybrids had activated expression of
Nestin, Noggin and Oxx2; in contrast, in,the no-BlIO hybrids, there was

al nost no activation of these markers (Fig. 4). These data thus show t he
induction of a dedifferentiation process in the newy generated

Bl O hybr i dénutgigmincthp LB gencBha ¢ngpdesdbe detubyeid of epehct GiFospesifict he -
BlOtreate P A i nal, . o) .NO r into. I t
i nst ead unggagéo gﬁ%%“&?%&%%?%?? gﬁgsa%zfugg%% %éu(r%‘g[%%i Iéets}rﬂgsn H{raggc thr|9u\§/%'11t d|nn§fJ
di fferent retlin@MPraaduCsorinnae rodalwinel Kertam ldads antphastreceptoe daytbddads
derived fromnon-BlOtreated HSPCs do not proliferate, and nor do the

dedi f f er entPaPRan | ¢fstdbadvesieWniWadngo Apoptosit: 10ME38. t o/ d¥8PHht e
whet her ¢ h I i n i I i W

per for men AT e D A D R s e e eB For BB ) e
wer e transphantpdssitibsetaraimlolyl fat faptifyopgresdorf d&thesntcggrevatps difecas26Yr di m ce,

and TUNEL and ai ni ng_were formed on retinal secti fter

(p15), 10 (pzof‘%ﬁ%@(%%gyota%geifsatﬁa Gy g ZISﬁ&ﬂt%gtws%ef blog ¢ gfv the
phot or eceptaisione iR ylRadt bddn Flopaiddy iPr&siaNtordd pRkAciky Wit ishiab I ens
from eyes transpl antyed wi th both Bl OHSPCs and no- Bl O'HSPCs, as shown by the
nor mal st r uegenewtivé potantiabfor diffegent Basuesbnendingdyr, the KNS [ AbiatdztDelgda Mt he
retinal , peuyrons,wer.e,v iLferent. At pl5, there was w despread apoptosis
in the b@o%?%tc%ﬁf%ﬁz’l géf%ﬁfqozg]%cti ons fromthe eyes transplanted with

no- Bl O- HSPCs  ( FiAgtivioranst 6ia) ; WinBeaithindSlathve! |hadebédh Waswal iPSproglesent at
pl5 in 20 the ONL of retinas transplanted with B-I,OHSPCS‘(;&%. d and 6a).
Remar kabl y preltferatian quig séagliféerentiation ¢loVitlst (ghzo(Miderpeetly) in wiefteyaeft Boesept or

| ayer in BI P Y. i i i NoJ: r i g.
St 5h and BG4S SR PoaeEgTA R tRhEs Poleile cbauBRLPL: Alifibdpfin e

no- Bl O HSP@Gddubiiop! @NCEE dysisity |[Osikadir F péragie,] Naemoabearnr anto-sae oo7)jayer s
of cells were seen, which expressed pignmentum and which 25 were positive to

the ret Ihallngsegmienioss treantlynispartice rthatrpeiesi mstivefiamef gep BMtP-esny)  se,
5f, 5g, 6a . i at ;2 t t t he
retinas of pta ﬁgvag:)oéa} H“éllg%gtorr gﬁgg}éaﬁts gdi rlﬁflﬁ?n&c%ﬁ)v\gé tgﬁ%ﬁolrn?é]?t% ?é;%u?n(ggi@g%abl e
from t he wistrdagly pehanetsd tha seabgragniihg obmduralepredussuecl{Fafeer c8il fustgn [[Fkis and

51), with 1 o] of o} or ecept qr clei and norgal 3 uter and.inngr
Seqmrent st Aot il S ERlcherSeth Chabl ibkelhy Sy fed Whethel Riion6F
no- Bl O HSPExp@ansmhantigdl f&EdMasioN@SyviaP APRERRINE abGvdidassr Bk Wh/B-catenin
non-transplanted rdl eyes, with fully degenerated photoreceptor |ayers

(Fig. 5M Hathway iandarsplnteddSDAS/n20Es POTEERAGID f(@6882F! BGeneration Filis, it
can be con&%u ed tha}t 1trhe tir aP? l.anted BI O-HSPCs fully preserved the
phot or ecept SFUPRYSTSIPHIPRY iPdfT Mitse retinas at least up to two months

after their tramspbamdtdrefanspinsedou! HSBOGEES (@ioli&y frém oaékmidc stdbey
degenerati on nmechani smor activation of a regeneration process. In
contrast, traRsHratREIdrcdflupsenorespesREPD ssbisBrallydsdbecyaeofmgpinalise

phenot ype, em i h spl an cel s r i.ned . arnoc ntial to
transdi ff erdgi%t @at@l(ls)n'gkoz%?g?i 1211'13. ‘?“‘g%?% étc?jﬁ e%@ﬁg&ﬁ%ﬁ\ngﬁqiﬁ%&ngg&ngﬁé

i nvest i gt dodiokigiue b tht rédhmatatiohpalydactifised the tnkiee RO hdatte NtmyasRXpYeted tom ce
were transplanted _at pl0 with Bl O HSPCscRE or no-Bl O HSPCscRE and anal ysed
agai n two PBPRKSREPta8E yelewituorespe mreteind y Fpdorblemgeitize Eﬂ‘éc?ﬁlﬂ In @ser of

YEP-posi ti ve &l fRidn"(i€ 1a). Indeed, it was observed a very high number of hybrids
(RFP/YFP-positive) in the outer nuclear layer (ONL) of the retina, and some in the
inner nuclear layer (INL) (Fig. 2a).

30 Inventors have previously shown that the GSK-3 inhibitor BIO does not increase
the fusion efficiency of ESCs with neural progenitor cells in vitro [Lluis et al. (2008)

cited supra]. Similarly, here it was observed comparable levels of hybrids in the ONL



10 BI O-HSPC-transpl anted rdl nouse retinas (Fig. 7a).

| mmunof | uorescence staining showed that YFP hybrids were differentiated

i nt o rodswolwt3/mewsi nto cones, as they were positive toPSTAPRIIRHIIOT
rhodopsin (Fig. 7a) but not for cone opsin (Fig. 7b). Furthernore no YFP
hybrid cells that were al so positive forlthe Mul I er cell marker glutam ne
synt hetase or for the endothelial cell ﬁ‘ar ker CD31 were 15 found, thus

excluding differentiation of theprhcéglgglgls into Muller cells or into retinal
vessel s ( Fivgen7iaveers tensplpmfed SR Gest | wirtdtredied nothBBIO EupEt hrGargsierth ed

cells, al no . YEP- b hybr . re; fou s .after their
t ranspl an'?ggflglgﬁ&)tt)%g gl@ ?#Eg&%’/ tt)g i%?ité\g%el g%ng%nt@ﬁcggeiné/%\g?tg% Q%, R?lsg Ill;tg,)na‘gtgntdhi1c f time
(Fig. 8a). Thiwsiled dut@ablelfor BODéh tabddlatib@fusidrectBtiohdyy brbicts Taichitessgnit wad e
specifically in rods, and as a consequence the cones are 20 able to
survive. APt PRseayqd apy,dusiqah e e olubtetipal; Hangplangtiophan (cgpigolc véldrtype

i ndi cat f rq repl : r : - d
ther oy S edane, AREAEDI) (H:tdnd 1P REG i FaHE odfic L ARRALAMBEER IR |
di f f er ent i deivarniretimbdsuramschaniddI$Eer m ne whet her thi s fusi on-nedi at ed

regeneration pr ean r ue the rdil use nutation, the 25 e Ssi on
of PDE6B, whi oh HPLG1 &%?}?38851¥1ﬁ6>rW?re%%,tr%@ara P yReEie fopa R RAD  y _
YFP/ r hodopshiBe € HRhERPARIiiNg dcAdRsi¥E HartArSOTRASIHINES fikEd ¥R gy RyigSSI ON,
as also confirned by "Western blotting of total extracts fromtranspl anted

r _elt ijna (Fi g.oc(ijwig)the ?ﬁﬁs &hodensin/¥PF rddub;lafp@sittihat;elﬂ@ éFigl @hg;@r v‘viﬂ; Mlall;r gelrhSSr g; e
ot noe 1HF (EHBmIRR St EREALEE Mpd BERDFLR S8 noRb Zd plo e fom o BEF 5

conpl enent ggksEHIPTR HSRen GeNRMRvETbUsEO g ] XS, ~ Next, to determine
whet her regenerated rods were al so el ect ro(glym ol ogically functional,

i nventors perf ofNPEEPdSERCEAtiONGR A b Gregristadicpdy apparit ahd Kb asi theghpteregepiors WO

O O T LGSR RS Sk TR

condi ti ons paerikescegohiiedly dimdsitaeplotdly @dned lite@nisiyl@nthe thumibeh oBhdpHSRCS
with a A anplitude in the order of 150 ILIV on average (not shown) .

i ndi cat I’hg PhARECCERETS edfsrrarsst eubstapfiallyn déieheRIOAE HCndmssplagtation, “which

hyper pol ari ' b 5. JEeSipo t ' [ hat »iyhey | d
transmt t ﬁﬁegéeel %(E:it Irﬂl{gl(t: go{dg%gll sia%fg%l ?vﬁg ih%lltggérdnijrr gﬁ@?&asﬁﬁﬁdu c%t g& %y atﬁﬁg

B- wave r esponggantRain (g, 20 gBmelcamioon iunldke ¥ FRkstsalvediybalds alraldesived ¢onf i r med

the functiqnal resc shewn) .. Moreover, the visyal uity of a grou
of ¢ eat ed iap i 06 BOCISRRS 30 Ak Bgs iouiars (or- gdineheridhl et h
the opt omelgy 16 of dpdpldIR (@9\){% ?ﬁP&a—W%gﬁha@E&f&? Al aMigeprolif@atidihes of

head 10 tracking novenents, h nmeasures the automatic respo of the
ani mal s20vhého’detle sontigptainntbe ihybridafogetd babydehjreniBlQetreatbd BNPSison” Resnd4 5,

(2005)]  wad SRLRRFPEaficy o Rhar ot R R raisbdret phe BB MR ant e
and no- Bl OihﬁBEéﬂﬁ*éﬂaﬁmmt@(ﬂ%ﬂFigi|2f,rTJgCa€1d(Fng.t3).S hown). This denonstrated a
vi sual response after stimulus 1n the Bl O HSPCs- 15 transplanted rdl m ce.

3. Discussion Sdfeckareemitcs hravd TBER hivhaiis: dhan wese i ipedviortcre fiPinéhe on of
been repor LRAT AR BgtR ke BRRLIR I C AR F e P Pl BishPXGimohal da 272
can preyentetiral imakesadQUIRIT-PCR analysis (Fig. 2h). The neuronal precursors Nestin,
Noggin and Otx2 were clearly activated in the BIO-hybrids, with low activation of the
Crx, Rx and Chx10 photoreceptor precursor markers. Moreover, rhodopsin and
pheripherin (rds), which are expressed in terminally differentiated photoreceptors, and
GATA-1, an HSPC marker, were strongly down-regulated in the BIO-hybrids. In
30 contrast, in the no-BIO-hybrids, there was no reactivation of precursor cell markers or

silencing of lincage genes (Fig. 2h).



degeneration, a secondary di sease phenotype, which then del ayed retinal
cone degeneration. However, the transplanted retinas were fornmed of nearly
only conesarsh20936 el ectroreti nogram responses were severdprgoiabssenal and
conparable to untreated aninmals [OGani et al. J din Invest 114, 765-774,
doi : 10. 11723C121686 (2004)]. 25 Additioggl investigations relating to the
mechani sns of inproved retinal function after BMSC transpl antati on have
been based on the role of BMSCs in pronoting an increase in angi ogenesis,
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Wit/ 1 3-catenin I I'ing pathway is not
HSPCsﬁP%gwere tgangplanted >gublretinally at p10 in different groups of R26Y™

mice,
and TUNEL and H&E staining were performed on retinal sections after 5 (p15), 10
(p20) and 15 (p25) days, and after 2 months (p60). Although the photoreceptors were

15 still clearly present at p15 in retinal sections from eyes transplanted with both BIO-
HSPCs and no-BIO-HSPCs, as shown by the normal structure of the ONL (Fig. 5a, 5b
and 6a), the viabilities of the retinal neurons were very different. At pl5, there was
widespread apoptosis in the photoreceptor layer in sections from the eyes transplanted
with no-BIO-HSPCs (Fig. 5¢ and 6a); in contrast, cell death was almost absent at p15 in

20 the ONL of retinas transplanted with BIO-HSPCs (Fig. 5d and 6a). Remarkably, at the
subsequent time points (p20 and p25), the photoreceptor layer in BIO-HSPC-
transplanted eyes maintained its normal structure (Fig. 5f, 5h and 6a), while rods and
cones nuclei were absent in the ONL of no-BIO-HSPC-transplanted eyes. In their place,
few aberrant nuclear layers of cells were seen, which expressed pigmentum and which

25 were positive to the retinal pigment epithelium marker, Rpe65 and to the RFP only (Fig.
Se, 5f, 5g, 6a and 6b).

Finally, at 2 months after transplantation, the retinas of the BIO-HSPCs-
transplanted rd/ mice were still indistinguishable from the wild-type retinas along the
entire tissue (Fig. 51, 5j, 5k and 51), with 10 rows of photoreceptor nuclei and normal

30 outer and inner segment structures. On the other hand, the histology of no-BIO-HSPCs-
transplanted retinas was comparable to those of the non-transplanted rd/ eyes, with

fully degenerated photoreceptor layers (Fig. Sm, 5n, 5o and 5p).
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regeneration. 1. Experinmental Procedures 20 Animal care and treatnents
To further assess hybrid differentiation in rods and to determine whether this

fusion-mediated regeneration process can rescue the rd/ mouse mutation, the
25 expression of PDE6B, which is not expressed in rd/ mice, was analysed. Remarkably
YFP/rhodopsin double-positive rods were also positive for PDE6B expression, as also
confirmed by Western blotting of total extracts from transplanted retina (Fig. 7g). These
results indicate that the BIO-hybrids can generate wild-type rods, and thereby can
regenerate the retina (Fig. 7e, 7f and 8b); since rd/ rods cannot express wild-type

30 PDE6B, the mutation was complemented by the HSPC genome in the hybrids,
Next, to determine whether regenerated rods were also electrophysiologically

functional, inventors performed electroretinogram tests on rd/ mice 1 month after
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PBS and fixed for 2 hinice with 70% ethanol. After fixation, cells were
washed twice with | x PBS and i ncubatBBeDisenssior?5 ug/ mL propi di um i odi de and
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Sanpl es were an P e ttempts have been undertaken to improve the function of retinal
degeneration using bone-marrow-derived stem cells (BMSCs). It has been reported that
20 Lin" HSPCs injected intravitreally in rd/ mouse eyes can prevent retinal vascular
degeneration, a secondary disecase phenotype, which then delayed retinal cone
degeneration. However, the transplanted retinas were formed of nearly only cones, and
the electroretinogram responses were severely abnormal and comparable to untreated
animals [Otani et al. J Clin Invest 114, 765-774, doi:10.1172/JCI21686 (2004)].
25 Additional investigations relating to the mechanisms of improved retinal function after
BMSC transplantation have been based on the role of BMSCs in promoting an increase
in angiogenesis, or a decrease in inflammation, or even anti-apoptotic effects, which
might delay retinal degeneration and therefore be beneficial due to slowed progression
of the disease. In addition, transdifferentiation of transplanted BMSCs in retinal-
30 pigmented epithelium, which can sustain photoreceptor survival, has been shown in

acute eye injury mouse models [Siqueira et al. Arq Bras Oftalmol 73, 474-479,
doi:S0004-27492010000500019 [pii] (2010)]. All of these approaches, however, have
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Sequence 5'Pi@ier-8HQsldD NCereb Bidodl Fow NEEARACIBBABPEABNIEIowever, these fusion
events are seen to be very rare, which naturally promotes some skepticism as to their
physiological relevance [Wurmser & Gage. Nature 416, 485-487 (2002)]. Here,
inventors have clearly demonstrated that if Wnt/B-catenin signalling pathway is not

10  activated, the hybrids undergo apoptosis and therefore cannot be detected at late stages.
The majority of these transplanted HSPCs do not fuse, and instead die; however, a few
can transdifferentiate into retinal-pigmented epithelium cells, which are of
mesenchymal origin. This transdifferentiation can provide some slowing down of the
degeneration, but it cannot rescue the phenotype.

15 In contrast, the activation of the Wnt/B-catenin signalling pathway induces the
HSPC genome in the hybrids to activate the PDE6B gene; in this condition the hybrids
themselves were instructed to differentiate into rods, passing through a transient de-
differentiated state. No heterokaryons could be detected, although it cannot formally
discarded that there were some present. However, the regenerated photoreceptors co-

20 expressed PDE6B and YFP, which indicated that the genomes of the retinal neurons and
of the transplanted HSPCs were mixed in the same cells. It remains to be determined
whether reduction mitosis or a multipolar mitosis mechanism as previously reported
during liver regeneration can reduce the ploidy of the regenerated photoreceptors, or if
double genome copies are tolerated in the newborn rods, which finally preserve cone

25 degeneration. Indeed, tetraploid neurons have been identified in mouse and human brain
[Wurmser & Gage cited supral.

Several gene therapy attempts have been undertaken to treat individual Retinitis
Pigmentosa mutations; however, a mutation-independent cell-therapy approach could be
much more efficient and practical then creating individual gene therapies to treat each

30 single gene mutation. These data provide real hope for the treatment of patients with

Retinitis Pigmentosa as well as further retinal degeneration discases.



17 Rv CACACTCGGACCACATCCTTC 18 hNanog Fw CCAACATCCTGAACCTCACCTAC 19 Rv
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EXAMPLE 2

Wnt/B-Catenin Signalling Triggers Neuron Reprogramming in the Mouse Retina

This Example was performed to analyze if somatic cell reprogramming can be

induced in tissues in mammalian. The results obtained show that upon activation of the

5 Wnt/B-catenin signalling pathway, mouse retinal neurons can be transiently
reprogrammed in vivo back to a precursor stage after spontancous fusion with
transplanted haematopoietic stem and progenitor cells (HSPCs). Moreover, it has been
shown that retinal damage is essential for cell-hybrid formation in vivo. Newly formed
hybrids reactivate neuronal precursor markers, Oct4 and Nanog; furthermore, they can

10 proliferate. The hybrids soon commit to differentiation along a neuroectodermal
lineage, and finally into terminally differentiated neurons, which can regenerate the
damaged retinal tissue. Following retinal damage and induction of Wnt/B-catenin
signalling pathway in the eye, cell-fusion-mediated reprogramming also occurs after
endogenous mobilisation of bone marrow cells in the eyes. These data show that in-vivo

15 reprogramming of terminally differentiated retinal neurons is a possible mechanism of

tissue regeneration.

1. Experimental Procedures

20  Animal care and treatments
All of the procedures on mice were performed in accordance with the ARVO
Statement for the Use of Animals in Ophthalmic and Vision Research, and with our
institutional guidelines for animal research. All of the animals were maintained under a
12 h light/dark cycle, with access to food and water ad libitum.
25
Retinal damage and BrdU treatment
Mice at the age of 3 months were anaesthetised by injection of ketamine:
metomidine (80 mg/kg: 1.0 mg/kg, intraperitoneal (i.p.)). To induce retinal damage, the
animals were treated intravitreally with 2 ul of 20 mM N-methyl-D-aspartate (NMDA)
30 (total 40 nmol; Sigma) for 24 h [Timmers et al., Mol Vis 7, 131-137 (2001)]. Control
eyes received 2 ul PBS. For the BrdU incorporation assays, the mice received

intraperitoneal (i.p.) BrdU administration of 50 mg/kg body weight.
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Stem cell preparation and transplantation

Retinal stem and progenitor cells (RSPCs) were isolated from the ciliary margin
of adult Cre mice as previously described [Sanges et al., Proc Natl Acad Sci U S 4 103,
17366-17371 (2006)]. Linecage negative HSPCs (Lin® HSPCs) were isolated from the
total BM of Cre, Cre-RFP or R26Y mice using Lineage Cell Depletion kits (Miltenyi
Biotech). Human CD34" HSPCs were purchased from StemCell Technologies. Cells
were pre-treated with 1 uM tamoxifen for 24 h to induce nuclear translocation of Cre
recombinase, and labelled with Vybrant DiD (5 ul/ml) (Invitrogen) before
transplantation, where necessary.

To obtain ESCs™™, 5 x10° ESCs were electroporated with the Cre-recombinase-
carrying vector (CAGG-Cre), using ES nucleofector kits (Amaxa).

The stem cells (SCs) were left non-treated or were pretreated with 100 ng/ml
Wnt3a or 1 uM BIO, for 24 h, and finally 5 10> cells were injected intravitreally into
the eyes of the anaesthetised mice. The mice were sacrificed by cervical dislocation, and

their eyeballs were enucleated for histological analyses.

Hybrid isolation for gene expression and tetraploidy analysis

Twenty-four hours after cell transplantation, the retinal tissue was isolated from
treated mice and disaggregated in trypsin by mechanical trituration.

To analyze the tetraploid content of hybrids, cells were pelleted, washed twice
with 1x PBS and fixed for 2 h in ice with 70% ethanol. After fixation, cells were
washed twice with 1x PBS and incubated with 25 ug/ml propidium iodide and 25 pug/ml
RNAse A (Sigma-Aldrich) for 30 minutes at room temperature. Samples were analyzed
by flow cytometry in a FACSCanto (Becton Dickinson). Doublet discrimination was
performed by gating on pulse-width versus pulse-area of the PI channel. Samples were
analyzed with FlowJo software (Tree Star, Inc).

For gene expression analysis, a BD FACSAria II sorting machine (Becton
Dickinson) was used to isolate the red and green positive hybrids cells. Total RNA was
extracted using RNA Isolation Micro kits (Qiagen), according to the manufacturer
protocol. The eluted RNA was reverse-transcribed with SuperScript 11 (Invitrogen) and
qRT-PCR reactions using Platinum SYBR green qPCix-UDG (Invitrogen) were



Speci es/ Gene Sequence 5'-3" SEQ ID NGO nOct4 Fw CGTGGAGACTTTGCAGCCTG 29
GCTTGGCAAACTGTTCTAGCTCCT 30 nNanog Fw GCGCATTTTAGCACCCCACA 31 Ry
GTTCTAAGMIGTAGEREIRSC 32 mNestin Fw TGGAAGTGGCTACA 11 PCT/EP2012/065327
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performed in an ABI Prism 7000 real-time PCR machine, according to the manufacturer
recommendations. The species specific oligos used are listed in Table 3. All of the

experiments were performed in triplicate, and differences in ¢cDNA input were

,compensated Thormalising to the expression of GAPDH.

Table 3

Human and mouse specific primers for qRT-PCR

Human specific primers for gRT-PCR

Species/Gene Sequence 5°-3° SEQ ID NO:
hOct4 Fw TCGAGAACCGAGTGAGAGGC 17
Rv CACACTCGGACCACATCCTTC 18
hNanog Fw CCAACATCCTGAACCTCAGCTAC 19
Rv GCCTTCTGCGTCACACCATT 20
hNestin Fw TGTGGCCCAGAGGCTTCTC 21
Rv CAGGGCTGGTGAGCTTGG 22
hOmx2 Fw ACCCCTCCGTGGGCTACCC 23
Rv  CAGTGCCACCTCCTCAGGC 24
hNoggin Fw AGCACGAGCGCTTACTGAAG 25
Rv AAGCTGCGGAGGAAGTTACA 26
hCD34 Fw GTTGTCAAGACTCATGAACCCA 27
Rv ACTCGGTGCGTCTCTCTAGG 28
Mouse specific primers for gRT-PCR
Species/Gene Sequence 5°-3° SEQ ID NO:
mOct4 Fw CGTGGAGACTTTGCAGCCTG 29
Rv GCTTGGCAAACTGTTCTAGCTCCT 30
mNanog Fw GCGCATTTTAGCACCCCACA 31
Rv GTTCTAAGTCCTAGGTTTGC 32
mNestin Fw TGGAAGTGGCTACA 11
Rv TCAGCTTGGGGTCAGG 12
mOx2 Fw GAGCTCAGTCGCCACCTCTACT 15
Rv CCGCATTGGACGTTAGAAAAG 16




Rv TCAGCTTGGGEGICAGG 12 nx x2 Fw GAGCTCAGICGCCACCTCTACT 15 Rv
CCGCATTGGACGTTAGAAAAG 16 WO 2013/ 020945PCT/ EP2012/ 065327 69 mNoggi n Fw
CTTCGGATGOD PAGARAEEA 13 Rv TGIGGTCACAGACCTTCTGC 14 PCT/EP2012/065327

69
mNoggin Fw CTTGGATGGCTTACACACCA 13
Rv TGTGGTCACAGACCTTCTGC 14
mCD34 Fw CTGGTACTTCCAGGGATGCT 33
Rv TGGGTAGCTCTCTGCCTGAT 34

[Fw: Forward; Rv: Reverse]
Gatal primers were purchased at SuperArray Bioscience Corporation [Catalog number

PPM24651A-200]

5 Bone marrow (BM) replacement
BM transplantation was conducted as previously reported with minor
modifications. The BM of 4- to 6-week-old R26Y or Nestin-Cre recipient mice was
reconstituted with BM cells from the tibias and femurs of RFP/CRE or R26Y transgenic
mice respectively. BM cells (1x107 cells) were injected intravenously into the recipients
10 3 hours after irradiation with y-rays (9 Gy). The eyes of the recipients were protected
with lead shields to prevent radiation-induced damage (radiation retinopathy). Four
weeks after transplantation, the peripheral blood of chimeric mice was extracted from

the tail vein, and the reconstituted BM was assessed.

15 Fixing, sectioning and immunohistochemistry
Tissues were fixed by immersion in 4% paraformaldehyde overnight, and then
embedded in OCT compound (Tissue-Tek). Horizontal serial sections of 10 um
thickness were processed for immunohistochemistry, and visualisation of Nanog-GFP
and Rosa26-YFP fluorescence was performed by fluorescent microscopy.

20 For fluoresceine immunostaining, the primary antibodies used were: anti-Nanog
(1:200, R&D), anti-Oct4 (1:100, AbCam), anti-Nestin (1:300, Abcam), anti-GATA4
(1:500, Abcam), anti-Otx2 (1:200, Abcam), anti-Noggin (1:200, Abcam), anti-Hand1
(1:400, Abcam), anti-Tuj-1 (1:100, Abcam), anti-Thy1.1 (1:100, Abcam), anti-syntaxin
(1:50, Sigma), anti-glutamine synthetase (Sigma, 1:100) anti-Annexin V (1:200,

25 Abcam), anti-Ki67 (Sigma, 1.100) and anti-BrdU (1:300, Sigma). The secondary
antibodies used were: anti-mouse IgG and anti-rabbit IgG antibodies conjugated with
Alexa Fluor 488, Alexa Fluor 546 or Alexa Fluor 633 (1:1000; Molecular Probes,

Invitrogen).
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par af or npl dehyde overni ght, and then enbedded in OCT conpound (Tissue-Tek).
Hori zontal serial sections of 10 |amthickness were processed for

i mrunohi st detvém at/nye ofargrogremakd gelhiriddn of Nanog- G-P and Rosa26- YFP

fl uorescence was, performed by uor e m copy.. 20Far. fl uor escej ne
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anti-rabbit 1,gG anti bodi es conjugated with A exa Fluor 488, Alexa Fluor 546
or Al exa FIcObr T@E?)le‘{tlt.hq@W@g‘WFT@%LﬂlWSWWB@ﬁ’,CmI‘ﬁ%si added ¢ e, culture medium

after 72 h. GFP-positive clones were counted and photographed after one month of
culture. The clones were alkaline phosphatase (AP) stained after 1 month of culture, as

15 previously described [Lluis ef al., Cell Stem Cell 3, 493-507 (2008)].

Preparation of flat-mounted retinas and optic nerves, and counting of ganglion cells
Retinal flat mounts were prepared as previously described. Briefly, the eyes
were hemisected along the ora serrata, and the retinas were separated from the pigment

20  epithelium and mounted with the ganglion cell side up, on Isopore 3mm (Millipore).
Retinas were then fixed in 4% paraformaldehyde for 20 min, washed with phosphate-
buffered saline, and treated for immunostaining as described above. Optic nerves were
dissected from the eyes and mounted directly on the slices using Vectashield (Vector
Laboratories, Burlingame, CA, USA).

25 Total cells in the ganglion cell layer were counted as described previously
(Jakobs et al., (2005). J Cell Biol 171:313-315) with minor modifications. Flat-mounted
retinas were counterstained with DAPI and survey pictures were taken at 20X on a
confocal microscope (Leica SP5) focusing on the gcl. Covering the whole retina
required about 80 images. Cell nuclei were counted using Fiji Software and graphed as

30 cells/millimeter®. A two-dimensional density map of each image was obtained by a
routine written in Matlab and pictures of the whole-mount retina were assembled from

individual pictures in Photoshop 9.



WO 2013/ 020945PCT/ EP2012/ 065327 70 Per cent ages of GFP and YFP
positive cells were evaluated counterstaining the tissue sections wth DAPI
(Vect ashiwbap1eewusr Laboratories, Burlingame, CA, USA) pCarmk201Roys3eer e
phot ogr aphed using either an Axi oplan m croscope (Zeiss) or a Leica | aser
confocal mcroscope system 5 In-vitro Eglture of reprogramed hybrids
BlOtreated or non-BlIOtreated ESCs or PCs were injected into the eyes of
NVDA- damaged Nanog- GFP-puro mce. Twenty-four hours after transplantation,
the retinal tissue was isolated and treated with trypsin for 30 mn at 37C.
The cells re .10 then. resuspended as single-cell suspensions in ES culture
medi a usi n\g?aéls Zlcreangﬁﬁlé hol e Pasteur, and plated onto gel ati ne-coated

di shes at a congéstmaibed odfimdundactied bsbof NdnogBEP-Tends eY ERpotitiee cells
reprogramed ¢l ones,  puronycin was added to the culture mediumafter 72 h.
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serrata, anghd E@rfdrﬁ{eti N g WE [BstSRRBUATGhtTHhieM hifR R RAL 20mARY Wbk ikm and
mounted with the ganglion cell side up, on Isopore 3mm (Ml lipore). Retinas
wer e t hen funpattd Sfuddt ptasaf or mal dehyde for 20 min, washed with

phosphat e-buffered saline, and treated for i mrunostaining as descri bed

above. tic nerves were dissected fromthe eyes and nounted directly on
the slices using Vectashield (Vector 2 geeiled ori es, Burlingame, CA USA).
25Total cells in the ganglion cell |ayer were counted as descri bed

previously (Jakobs et al., (2005). J Cell Biol 171:313-315) with m nor

modi f i cat i OnsNM'ﬂ[@-Eﬁ Cléggl? qr‘{r ?lé%é&? leﬁJneb&?\'léglrl Fétﬁ;zﬁ‘ingﬁ%n\éjaglp S ée’tl? Icelngd
survey pictures were ta enth on a contocal “mcroscope (Leica 5)
focusi ng on t he AgthouglCoyié fidign-iieeiavddosc@ndtiet dellarcpeguinmmthgabmube &dutehges.

ji Software and %r aphed as 30

Cell nuclei were counted using Figj i [
cel | s/ m | icHEYgr ¥ remange teibresRen Hrigrmigaths difierehijstedr ceals can ibrdgRrogg Bt ai ned

by a routine, wijdteh WihiMadshabotRditREGLMLeS of the whol e-nount retina were
assenbl ed from i ndi vi éuar}vﬁ%l ctures in Photoshop 9. WO
2013/ 020945PCT/ HRRQ iRy dEh8 Arst ddteBhmtd sthicthat SBGatoydd use with retinal neurons in
vivo. For this, inventors used transgenic mice carrying YFP flanked by loxP sites under
the control of the ubiquitously expressed Rosa26 promoter as recipients (i.e. with a
20 LoxP-STOP-LoxP-YFP [R26Y] allele) [Srinivas et al., BMC Dev Biol 1, 4 (2001)].
Different SPCs stably expressing Cre recombinase and labelled in red were transplanted
in the eyes of recipient mice by intra-vitreal injection (5 x10° cells/eye). Specifically,
inventors used Lineage negative (Lin) HSPCs“" ™ isolated from CRE-RFP double
transgenic donor mice, 1,1Edioctadecyl-3,3,3 LB Gtetramethylindodicarbocyanine dye
25 (DiD)-labelled RSPCs™ isolated from the ciliary margin of Cre transgenic mouse eyes
[Sanges et al., Proc Natl Acad Sci U S A 103, 17366-17371 (2006)], and DiD-labelled
ESCs“™ generated by the inventors. Mice were sacrificed at different times after SPCs
injection. If cell fusion had occurred between the injected SPCs™™ and LoxP-STOP-
LoxP-YFP (R26Y) retinal neurons, it could be expected to detect YFP expression in
30 retinal sections, due to excision of the STOP codon by Cre (Fig. 9A).

Firstly, inventors tested whether retinal tissue damage caused by intravitreal

injections of NMDA in R26Y mice could induce cell fusion. NMDA caused apoptosis



The nunbers of imunoreactive or of Nanog- GFP- and - YFP-positive cells
within three different retinal areas (40x field) were counted in individual
sections.wA21¥mv@b of ten serial sections were exam ne#Cr@mP2@aohseye, from
at least three different mce. For statistical analysis, the data were
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al., BMC Dev Biol 1, (.20 fferent SP RERE
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di d not enhmns;ﬂaﬂtbcbwﬁhmﬁe% €Ki €86).on of the YFP transgene in t hese
R26Y m ce (Fig. &Jﬁog Then, i nved;:g]1 i nduced NVDA danmge .in the ri ghél eye
of Re6Y mi ce andfFer fatt Emenzigied s Burkyws ifdsiaigelt BeUsomtFaton 9
later Hspcstﬁhﬁflﬁﬁg)d HSP@S Hté‘ﬂi%ﬁjeﬁﬁﬁl edsuenh@ IRt ﬁsi%ﬂ%th Mlﬁeﬁ eefogsfinal ly
sacrificed 24, 48 or after transplantation (Fig. 9A).

20 The locahzatlon of the hybrids (YFP positive cells) in the retinal tissue
suggested that transplanted cells fused with ganglion cells (that localize their nuclei in
the gcl) and amacrine cells (that localize across the inl and the inner plaxiform layer
(ipl)) (Fig. 10A); to note, those are the retinal cells specifically damaged after NMDA
treatment [Osakada et al. (2007), cited supra]. Thus, to confirm which of the retinal

25 cells fused with the HSPCs, inventors analyzed the expression of different retinal cell
markers in the YFP-positive hybrids 12 h after the transplantation of Lin” HSPCs“RP
into NMDA-damaged R26Y eyes. YFP hybrids either positive to the ganglion-cell
marker thyl.l in the gcl (Fig. 9E), or to the amacrine-cell marker syntaxin in the ipl
(Fig. 9F). No co-localisation was seen with the Miiller cell marker glutamine synthetase

30 (Fig. 9G). 60% of the YFP-positive hybrids were thyl.l-positive, while 22% were
syntaxin positive (Fig. 10F and 10F), indicating that the majority of the hybrids were

formed between ganglion cells and HSPCs, with some fusion with amacrine cells. In the



Already 24 h after transplantation, up to 70% of the injected HSPCscre/ RFP
that were detected in the optical field had fused with retinal cells, thus
gi ving riwe 20/0¢FBposi ti ve hybrids (Fig. 9B, 9D and 10DpCTIRRR@RM6IRNQI Y,
the transplanted cells integrated 10 into the retinal tissue and crossed
the gel, even reaching the m (Fig. 9B, ,NVDA). In contrast, there were no
YFP- positive hybrids in the control atera non- danaged, eyes; furthernore,
transpl anted HSPCscre/ RFP remai ned on the border of the gel and wer e not
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and 10 dat &P ?’ QH yse with retingl nepong e pive Spe ¢ 4 inj ected SPCs do

i ndeed fuse with post mtotic retinal neurons, the proliferative potenti al
of retinal cells before the fusion event was anal yzed. Concurrently
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30 (transgenic mice expressing Cre recombinase gene under the control of Nestin promoter
in neural precursors) [Tronche et al., Nat Genet 23, 99-103 (1999); Okita et al., Nature

448, 313-317 (2007)]and Nanog-GFP-Puro mice (transgenic mice expressing GFP-



The Wit/ 3-catenin signalling pathway triggers reprogramm ng of retinal
neurons in vivo 25Wit/ 1 3-catenin signalling pathway is activated after NVDA
darmage r e80I20i3M0948 | ncr eased expressi on of | 3-catenin, PaiEPR012O6IAUI at es
into the cells (see Fig. 12A and Osakada et al. (2007) cited supra). Thus,

i nventors tested whet her endogenous Wit [} 3- catenin pathway activation
could nedi ate reprogranm ng after cell fusion in vivo. For this, two

di fferent nouse nodel s were used as recipient mce: Nestin-CRE 30

(t r ansgeni EUFNEECIRXEANSS YiLdey tigr eontiot ehihic ﬁ‘g@eg desreotan tethe eAbTol{sits) ef of .

(1099): "ok nea e, 1 B4 RET (POOTLEPRET HtLE S 0F i) rutBbecElRhe AT e’ T
(transgeni eenions! @¥QESSha meaﬁmyoma@a@fdag&%a@cﬂmmnad 0B8R dnd

pur omyci neﬁgseneﬁF under. the control of the Nanog lglt:ormt er in_the enbryo
[kita et CsNat Vifis iniggted 3atg- téwy?sz@f)t#ﬁ]Nemﬂr A Jvreedar k- awi0nmz§§u gat e

reprogr r tﬁgﬁl

respect fﬂ\j’;}rg@eﬁv E$§%M%e§gﬁs %ﬁéﬁ@%&?}rg%&% ntt(tpEF%’T%;'érﬁfe)gI nj ecte %?’n‘ztv%ﬂet he
eyes ;)f dt hehd\lﬁm!tnah{@t_eyamdnmetbg&d%ﬁgﬂ%m&)cmmé In@ortaﬁpmdrefm \ne:eypre&M)Aoﬁvas
injected intravi eye. o grou ce [
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was detected fol Tow ng NVDA treat msnt in the ganglion and anacrine cell.
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Wit/ | 3-cateni n pat hway [ Osakada et al. (2007) cited supra, Fig. 12A]. HSPCs
were transpFatted after 24 h, and mice were sacrificed 24 h later. DKK1L
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hybrids (Fig. 13B, 13C and 25 13D, NVDA+DKK1), which denonstrate
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signalling trgﬁgprIantgd after 24 h, and mice were sacrificed 24 h later. DKK1 injections almost
completely blocked the reprogramming of neuron-HSPC hybrids (Fig. 13B, 13C and
25 13D, NMDA+DKKI1), which demonstrated that endogenous and damage-dependent
activation of the Wnt/B-catenin pathway triggers reprogramming of retinal neurons after
their fusion with HSPCs.
Next, inventors aimed to analyse whether reprogramming of retinal neurons was
increased after transplantation of HSPCs in which the Wnt/B-catenin signalling pathway
30 had been previously activated by the GSK-3 inhibitor BIO or by Wnt3a treatment
before injection (Fig. 12D, 12E and 12F). Surprisingly, 24 h after transplantation of

BIO-pretreated or Wnt3a-pretreated HSPCs in NMDA-damaged eyes of the Nestin-



30 had been previously activated by the GSK-3 inhibitor Bl O or by Wit 3a
treatnent before injection (Fig. 12D, 12E and 12F). Surprisingly, 24 h
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enbryoni ¢ st age Tafaveluafeutht officdnciSPsis vie-v frotrepraraithipg dinf ¢gprsroouated dhe

neurons,. it was investigated activation of the 0g- GEP.trans ter
Cr anspt Hht S rrostvE et adbceel? iR M RaG Peplaiondt REae e be
expect ed, idatebRRe if AxLoMical AEldEBlg. tioan sl the dahhedd, refifs! f @ EBYNGF Béth @he t he
retinal neurons, which was al so dependent on activation of the endogenous
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ESC-r et i nalthezewioase thybels @8ig. 13/ et B313). cul t ured GFP-positive hybrids

FACS- sorted from NVDA-danaged retinas of 25 Nanog- GFP-puro m ce .
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col oni es j : t : i ne
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14B) . | n cantivash,ofrtbe Napoggifmramgerey gidr sramfplentaiion ef ESOR anfl RRERGsinkint 0
t he NVDA- %ﬂ}gbg ur.ed e%%s of the Nanog- GFP mice was observed, even in the
case of BI CIYYEd E¥Snt of transpl anted RSPCs (Fig. 14C). Interestingly,

only a few YFP- pasi thM& be expected, in the case of the ESC transplantation, reprogramming

20 of the retinal neurons, which was also dependent on activation of the endogenous

Wnt/B-catenin signalling pathway, was also observed. GFP-positive cells were also

strikingly increased when ESCs were pretreated with BIO or with Wnt3a before being

transplanted (Fig. 14A). To confirm reprogramming of ESC-retinal neuron hybrids,

inventors cultured GFP-positive hybrids FACS-sorted from NMDA-damaged retinas of

25 Nanog-GFP-puro mice transplanted with BIlO-treated or untreated ESCs.

Reprogrammed GFP positive colonies were grown in culture and they were also

resistant to puromycine selection and positive to the alkaline phosphatise (AP) staining
(Fig. 14B).

In contrast, no reprogramming events after injection of RSPCs into the NMDA-

30 injured eyes of the Nanog-GFP mice was observed, even in the case of BIO pre-

treatment of transplanted RSPCs (Fig. 14C). Interestingly, only a few YFP-positive
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transpl antation of Bl O treated RSPCR26Y, in NVDA-damaged eyes of Nestin-CRE
m ce ( NnotweloudR0945 Finally, it was also rul ed out aaT#PR@e63327 Bl O in
t he enhancenent of fusion events in vivo. BIO pre-treatnent did not enhance
the fusion efficiency of the HSPCs, 5 E§gs or RSPCs injected into the

NVDA- damaged eyes of the R26Y mice (Fig. 14D). In conclusion here, it
has been shown that activation of the Wit/I3-catenin_,signalling pathway

triggers tKellywpicopserved agergranselentation peBHisatsd RSN (o ~anineMyHywriearaedir onal

pr ecur sor , ) £ hi s foll ow ng damage-dependent cell-cell

fusion of E&%@%%Qgé@%u%eun&n%}%%' RSPCs. 10To better characterize the

reprogranmed hyirally, iti Wwasaaido triled dud ahadRecalbf BESt innthe Rbagoachchb 0D GusidP

transgenes reactivation, the expression profile of precursor and enmbryonic

genes in vicVenths vianaBle see-irsptinge dewoy cbsnge thenpsion Eicigneypfithe FRECs;

i nj ected: BI r : KX L SANRYSHi L of R26Y
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m ce, and 2 later the hy retinas were sorte y FACS.
Mar ker expressi &m cbbclwsion dread, yis duls theen eshbwhi thet BGR/atibn dfhthe BMat/fiydatands
(hybrids for rre@‘.&by ttge Bl O.-treated HSPCs) Qct4, .Nanog, Nestin, 9 in and
Qx2 were GiERLgE RREYAY FTigEcEs AN TERASBTIG Bk piHE, SRUBRS { sk Wetbs was

detect ed 1 RfhRurilOfe R PRUAR0P dha DD kLAt PRwifkMarheldiBtdBROS,

with the exception of Nanog in the HSPCs (Fig. 16A and I6B). 1n contrast,

Gatal , whi chllicell fisHBRE BYPUG fmidEYenbyt nast BSRAsr egul ated in the 20

oL Uhel) o2, S R UG8 o Bl SO I SRR e
non- Bl O hle]IiEial_nd Nhﬂbg-@mfr@@gia@@ RActiGaticd, tHeSx SO 91*@&‘1% bpg:ehaxtsopmr ved
in the HSPCs (Fig. 15A and Fig. 16B). pressi on of t4, Nanog and

Nestin protCBIAYONIG Eres B OVAYSS dsalized @l 8 povlyolermedrgebpgs.t Hedor itnwaged
! P, . ! v e T i A
LB e BRIRLS 0 DO PR L EARMIAL by SRSHHARAEI

15B). Howev nonstrate that e re-expressio

and progeniahér4 meatseths hiybsd éledrdm ol feapisogéra RoitadboFACEeMagkst erprgeiwire and
not fromthe genone of the injected HSPCs, | nter-s(geci es hybrids were

anal yzetf F6p spyacd Borerhveretls In therfaIS)-hiress (Bylidsienmedibiathe BODIsassk | ed
CESt . TATBIIETER A SENRNE 00D ) ORISR, I o o, R SRyaT 10
HSPCs ( Fi gnol&@yessiont eff dsbé rpghgs @as 4letected in the non-transplanted NMDA-injured
retinas, nor in the HSPCs, with the exception of Nanog in the HSPCs (Fig. 16A and
16B). In contrast, Gatal, which is a HSPC specific gene, was down-regulated in the
20 BIO-hybrids (Fig. 15A). None of the precursors markers were re-expressed (or they
were poorly expressed in the case of Nanog and Nestin) in non-BIO-hybrids, where
expression of Gatal was comparable to that observed in the HSPCs (Fig. 15A and Fig.
16B).
Expression of Oct4, Nanog and Nestin proteins in the BIO-hybrids was also
25 confirmed by their merged immunostaining signals with the YFP-positive hybrids in
sections (Fig. 15B).
However, to clearly demonstrate that the re-expression of embryonic and
progenitor markers resulted from reprogramming of the neuron genome and not from
the genome of the injected HSPCs, inter-species hybrids were analyzed. For this,
30 inventors transplanted BIO-treated and DiD-labelled CD34" human HSPCs into
damaged eyes of Nanog-GFP mice. The reprogramming of the retinal neurons was

confirmed in sections after fusion of the human HSPCs (Fig. 16C). Interestingly Oct4,



WO 2013/ 020945PCT/ EP2012/ 065327 77 Nanog, Nestin, Noggin and O x2 were all
expressed (as anal ysed wi th nouse-specific oligonucleotides; see Table 3)
from t he wepnsgremed nouse neuron genone in the sortedPoymreag/ o¢Bry. 15C).
In addition, in the human genone, expression of Oct4, Nestin, Ox2 and
Noggi n was activated, while CD34 was dog?-regul ated (Fig. 15D). 5Overall,
it can be concluded that HSPC-fusion-nedl ated reprogramm ng of retinal
neurons controlled by Wit/ 13-catenin signalling pathway can occur in_vivo.
Repr ogr anme¥naguNestis, Seagiraid @@ﬂa‘t’@ c gHcxarassast @penayecd witly imyayse-specific
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non-proliferative hybrids (Fig. 15E and 151; as negative to Ki67 staining)
that undervent apRip R@rﬁmn?e’il MerBHs (Vﬂfhféﬂﬁ?e MidCaitRebddaMe iPyhyi ds were
positive for Annexin-V staining (Fig 5F and 15J, Anexin-V/YFP doubl e
positive). Sim MNext ﬂ@smbh&rWﬁeﬁomlal plethe 7ephgrfitnesd nMMmema@st@nteﬂo of
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into apopt @k o@tﬁfﬁzfmtIlﬁece\am/rétﬁracéetcaahmwa@tahm@yed54 lagkdrvated in the
transplanted SPCs, the neurons can be reprogramed, survive and re-enter

into the cel |l cysrmsisinghudit of sha Ngﬁ-mﬁléll\’9§@§0gﬂq@m%ih/YWSdiiﬁtefféﬁJ@ﬁ‘Wlh@f on

pot enti al (ﬁd}‘r‘[ﬁ @Eq%ﬁga
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The percentages of YFP-positive hybrids for each marker were determ ned

fromretd ndy %W@%EO%W@form@}ele&ﬁﬁw@a@ (Fig. 2 poH, and tléH)t Ha thajcepttgn of
the Bl O treatafbnsPRcR-BIORERN AIPBF G B8R fARat S oARRLfbM R atWR 1S bAIY eady

re-

(Fig. 15E and 15I; as negative to Ki67 staining) that underwent apoptosis, as up to 30%
of the YFP-positive hybrids were positive for Annexin-V staining (Fig. 15F and 157,
Anexin-V/YFP double positive). Similar results were obtained 72 h after transplantation
20  of BIO-treated or non-BIO-treated ESCs (Fig. 16D and 16E). Overall, these data show
that hybrids formed between HSPCs or ESCs and retinal neurons embark into apoptosis,
but if the Wnt/B-catenin pathway is activated in the transplanted SPCs, the neurons can

be reprogrammed, survive and re-enter into the cell cycle.
Inventors then analysed the in-vivo differentiation potential of the reprogrammed
25 retinal neurons in the NMDA-damaged retinas of the R26Y mice injected with BIO-
treated and non-BIO-treated HSPCs“™. The mice were sacrificed 24, 48 and 72 h after
transplantation. The percentages of YFP-positive hybrids for each marker were
determined from retinal sections (Fig. 10C). Remarkably, 24 h after the injection of the
BIO-treated HSPCs, reprogrammed neurons (as YFP positive) were already re-
30 expressing Nestin, Noggin and Otx2, and this expression was maintained at the
subsequent time points analysed (48, 72 h). Conversely, the neuronal terminal

differentiation marker Tuj-1 was progressively silenced. In addition Scal and c-kit were



30 expressing Nestin, Noggin and O x2, and this expression was mai ntai ned
at the subsequent tine points anal ysed (48, 72 h). Conversely, the neuronal
term nal woRhsremssati on marker Tuj-1 was progressivel yPSTIEPREI2@H6532N
addition Scal and c-kit were WD 2013/020945PCT/ EP2012/ 065327 78 strongly
down-regul ated in these hybrids. Cct4 azg Nanog were al so highly expressed
at 24 and 48 h, although their expressi was decreased by 72 h (Fig. 15B
and 15K). In contrast, a | ow nunber of YFP positive hybrids obtained after

fusion wi t ktrpegly Brenrregylaigd isitse habids: Pstband\Berogweiacjel hlgaln/dem%ged and
tead th
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15L), GATA4, a mesoder m nar ker, and Handl, an_endoderm marker, were never
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differentiation .angl. s' er nmed after ect of BIO-treated ESCscre
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di fferenti g{d-ORROEEMRELRY iPthe hEridl tllsﬁganlayltam das c()ﬁauh&%tth@mékhggh&s and
O x2 were expressed nore at 15°72 h after ESC i I’lj ection while Cct

Nanog wher even¢ geiprygrarmneasis giedi téndodn tQ4d1ff©remzath)mm1 thet heurpetodermeliesege eblsl on

of Gata andHa ults indicate that ES onhbrld

mor e pi Ut 1 ROPER: e B0 G bREY e paPeY P r L PEHERR 4R R sk b
also in th%tﬁﬁ%@@@étﬁh@ﬂﬁdlﬁeﬁﬁd@ﬁdﬂ | i neages (Figure 16F). Fi naI ly, inventors
i nvestigated whether the Bl O hybrids that were committed to 20 a neural

di ff erenti at i on Simtler difpreneatianrpaplyyisdparfosmed efteriajcri@rool BG- ﬁaqtteém@ﬁﬁééns and

thus regen e qg?@g o] eyes

of R26Y m g%%v\eegéerﬁl%egec edqet{nt%%’ %1%865 ra{eg%lg{t'ﬁn t&ngénu?g%&é%{ Teat edtg %ﬁﬁ%s(glr e/ RFP
and sacri f ipoegtial (vfetﬁk&eeshaﬁgrhybﬁemskmmln, N¥ELh RnB MeD s ckptedsbé nget agnd i n
the mM were qbserved only. after transpl antation of BlOtreated HSPCs. These

cel I's wbY e gdsiitsni BlJ%qﬁl@nmé}ll@e@%t fagd Nemog pyhere highly eypresasd fiomcddeter 13/
i ndi cating 1 hgl EHGoOHR EdRedidnf &F Rk 3hg Gl O THARALLAR iA8late that ESC-

neuron hybrids are more pluripotent and can differentiate in the neuroectodermal
lineage but also in the mesoderm and endoderm lineages (Figure 16F).

Finally, inventors investigated whether the BIO-hybrids that were committed to

20  a neural differentiation fate can terminally differentiate into retinal neurons and thus

regenerate the damaged retina. For this, a group of NMDA-damaged eyes of R26Y mice

CreREP and sacrificed 2 weeks

were injected with BIO-treated or non-BIO-treated HSPCs
later. Remarkably, YFP/RFP neurons in the gcl and in the inl were observed only after
transplantation of BIO-treated HSPCs. These cells were positive to the markers for
25 thyl.l and syntaxin, clearly indicating that the hybrids differentiated into ganglion and
amacrine neurons. On the contrary, no YFP/RFP hybrids were detected 2 weeks after
transplantation of untreated HSPCs, as they undergo cell death at short time. Next, the
histology of the transplanted retina was analyzed. Strikingly, it was observed that the
number of nuclear rows in the gcl and in the inl of the retinas transplanted with the BIO-
30 treated HSPCs was increased substantially with respect to those with the non-BIO-

treated HSPCs and to untransplanted retinas. Their numbers were comparable to those

in the wild-type retina (Fig. 17A, 17B and 17C). These data clearly indicate that



amacrine neurons. On the contrary, no YFP/RFP hybrids were detected 2 weeks
after transplantation of untreated HSPCs, as they undergo cell death at
short ti eo 2hsxp94she hi stol ogy of the transpl anted ret iPoa/Brasi2ansskyzed.
Strikingly, it was observed that the nunber of nuclear rows in the gcl and
in the m of the retinas transpl anted '%h the BIO 30 treated HSPCs was

i ncreased substantially with respect to'those with the non-BIO treated
HSPCs and to untranspl anted retinas. Their nunbers were conparable to those
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can trigger retinal tissue regeneration. 5Reprogramred hybrids can
regenerate the injured retina Havi ng seen that the reprogramred
hybrids can proliferate and differentiate towards neuroectodermal |ineage
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regenerative po j T I - j .
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were sacrificed.4 weeks. | ater igure A) re Anal ysi. fl at - mount ed
et nao tr Mgt o bpe: HSBAb e gt Mol BUP YRR br | ds
(Figure 18Ry B3halRE @inAOSAdsh MBtel Ot XY RAFDANI R acd@N A0 yESMn- Fahi@nd
amacrine (Chat) neur on. mar kers (Figure 18C). Inventors then also 15

anal ysel) t hetroped HEPCaer wers tabplardd aneontrohtTheaficereta anghiant ardkstater

Remar kabl vy, no -nonth optical nerves we observed YFP+ axons, likely
derived froMEi%|%0tions of the regenerated ganglion neurons (Figure 18D).

In contrast, retAnmpgistoransioanteddetids fradipilamed ®eth HIBAISPEsShpeRdd waiigh f ew
YFP+ hybrids (Figure 22A) and no YFP+ axons were found al ong the optical

nerves (Fi gumbengDYH it hybrdpcEigurg b3t Bt iweet positive Yarrexprysian i anelien seen

in the opt i(sﬁlll-ﬁ?ra\ﬁasar\%ﬁcrnlea{]éﬁ@t Eléﬁ}gﬁ plln?@(teﬁt ng{nur%f l&p)OI'ﬁ@g) ngrs({ﬂeg UiSo 228),
i ndi cating ‘That the newly dgeherated gangfion netirons project theérr axons
sone tine ahilgsed thargpleanicatdso2dh hidkehy nibutt afjert fiensprgarien.aRemakpblocass
(Figure 18D). NVDA treatnent induces recruitment of macrophages _ in
the eye (SfBafgnsh apticyl nervayivg obsgimed YIYs axepvdikehoderivod digyy projsedertof as

expected, g fc‘agtehé}gt%d %ﬁgl?oﬁlt R (Figure 18D). In contrast, retinas transplanted with

untreated HSPCs™™ showed very few YFP+ hybrids (Figure 22A) and no YFP+ axons

were found along the optical nerves (Figure 18D, untr. HSPCs). Interestingly, no YFP+

20 axons were seen in the optical nerves 24 h after transplantation of BIO-HSPCs (Figure

22B), indicating that the newly generated ganglion neurons project their axons some
time after transplantation, likely during the regeneration process (Figure 18D).

NMDA treatment induces recruitment of macrophages in the eye (Sasahara et

al., Am J Pathol 172, 1693-1703 (2008)). Indeed, as expected, in retinas harvested 24 h

25 after transplantation, a percentage of the YFP+ hybrids were positive to monocyte/

macrophage CD45 and Macl markers, which suggested phagocytosis of some

transplanted HSPCsRP by endogenous macrophages carrying the R26Y allele or

phagocytosis of some YFP+ hybrids themselves (Figures 22C and 22D). Interestingly,

this percentage was already drastically decreased in retinas harvested 2 weeks after

30 transplantation (Figures 22E and 22F). This result clearly indicates that although some

hybrids can be phagocytosed son after transplantation, a percentage of them can survive

and regenerate the retinas.



25 after transplantation, a percentage of the YFP+ hybrids were positive to
nonocyt e/ macrophage CD45 and Mac 1 nmarkers, which suggested phagocytosis
of sone tweansp/emsed HSPCsCre/ RFP by endogenous macr oph&geEpre@nnyiny t he
R26Y al |l el e or phagocytosis of sone YFP+ hybrids thensel ves (Figures 22C
and 22D). Interestingly, this percentaggomas al ready drastically decreased
in retinas harvested 2 weeks after 30 transplantation (Figures 22E and
22F). This result clearly indicates that although some hybrids can be
phagocyt osed somNeaf.tiayeniora maplysast Hici assurrencgeafcisHt Bigéel gpganbiiPe am vetiiogl ve
and regener ret.l nas, 0] PCT/.ER20 . Next ,
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| ayer (Figures 17A and 17B, gel), and_ the nunber of nuclear rows in the
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et al., AmJ Pathol 172, 1693-1703 (2008%%; however, their role_remins
unknown!® THegsneiaHoR Rf oictinalngedlst Mt BN tereee i difeAsisvadvelerc Bision 8 fuse
and repr ogranim.fi&f gL neurons after NVDA danmge. For this, BMCs from
donor RFP—CREHﬁ?ce (tra%sgenic m ce expressing RFP and CRE, both under the
25 control of the ubiquitously expressed |3-actin pronoter (Long et al.,
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vivo after damage
20 It has been reported that endogenous BMCs can be recruited into the eye after
NMDA damage [Sasahara et al., Am J Pathol 172, 1693-1703 (2008)]; however, their
role remains unknown. Thus, inventors investigated whether endogenous BMCs can
also fuse and reprogramme retinal neurons after NMDA damage. For this, BMCs from
donor RFP-CRE mice (transgenic mice expressing RFP and CRE, both under the
25 control of the ubiquitously expressed P-actin promoter (Long ef al., (2005). BMC
Biotechnol 3, 20; Srinivas et al. (2001) cited supra)) were tail-vein transplanted in sub-
lethally irradiated R26Y recipient mice, thereby substituting their BM with BM“R®.
The repopulation of the BM with cells of donor origin was analysed according to the
expression of RFP in blood cells and by haemocytometric analysis (Fig. 19A). One
30 month after transplantation, NMDA was injected intra-vitreally in one eye of each

group of chimeric mice, and then 24 h later the mice were sacrificed (Figure 20A).

Interestingly, it was found that after NMDA damage, 50% of the RFP-positive cells



lethally irradi ated R26Y recipient mce, thereby substituting their BMw th
BMVer e/ RFP. The repopul ation of the BMwith cells of donor origin was

anal ysed wocoridi2ogst o t he expression of RFP in bl ood celPC3/ERo@2iogs327
haenocytonetric analysis (Fig. 19A). One 30 nonth after transplantation,
NVDA was injected intra-vitreally in ong, eye of each group of chineric
mce, and then 24 h later the mce were sacrificed (Figure 20A).

Interestingly, it was found that after NVDA danmage, 50% of the RFP-positive
cel I's WO 2G13RB2 0935 pPoTfiERA0dipatowsRspngil dpgcngus BMEP r¢sowitad ipethe cyes
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the BMCs 5NMPAY; Thepeirptudist Hearky demaepnstraterBaty eotl fysion pseirs hstween the BM{ysent or s

then angy y?%i{t&ﬁniof’tﬁ@%ﬂze{s{an%héJ%Eﬁzﬂ H%Mg;%.d cells that were obtained after
ce

endogenous fusion. was observed that 12 h after NVDA damage, the
YFPposi ti ve cel llsventors then aadlysedl ths elehiityns these dybdid oclsabattware obtametl h&eiScal

Ckit, Thyl.1, Syntaxin,. and GS cell markers | ear | j icating.t HSPCs
SR e e LSt T S e S OB W A SN G
cell's (Fi gpodflG 20Hin zﬁ)elretglfgi] s&Mdng Uore also positEXForl MY QS @_kitﬂ‘l%?ﬁ hgated

if reprogranm ng can occur after BMC recruitnent and fusion with reéetinal
neurons; t Synkakm, ahdnGBMis Raderswveteerly nadisgingnthatdHBRECs wargrasuptedfirom the

"eact tvili i P TR ChEH GRE iRah B MRFTEN Ehfec @tV iciy 406, on

enabl ed us2pR)i dentify reprogramm ng events after BMC recruitnment in the
eye. One nonth later, NVDA and BIO were injected into only one eye of the
chineric mce, WSKEHVRRiOE BEestighicd dbrepmgramnming canmegur Zicn)BMYppcggicnt ve

cells were - ved. r.lnjection. of i R26ty . of
Gamaged. oy O RROGIRG AR, IOl bR TG B8R infs Mbr |
contr al at ersab-leyal itfhadgted2NBtiarCRR hiye tolfinsratd eldieyic infidé. CElcasadtivation b

retinal neurons had fused with the recruited BMCs and were reprogranmmed
because!df Nasin(&de tiapsgens rangs theneonsedtent it rspessionsseblegonsoto 148ty

YFP- posi ti Y%pg?%ﬁgﬁﬁﬂﬁ%\h\é?%rﬁs ?fg]egi ﬁmerg&gﬁd&% H% Qg&m&ﬁ%ﬁn%ﬁ MDWaET €

Annexin-V p ive, i cate at sone o rids were dividing
and very f &lOweere iajpotpd atitbon{yFoue c®1d), thd @Binard @eel®@ich vatre iskdrifgley ,2490% of

t hese YFP-paositiv %b 'gs wer e Ihsgo ositive for. Oct4 e ssjon (Fig.
PE 21F alGeaEes 2R Fimor i S logeRiena ot et sacan ool T et g
that reproggagmNpN dahRgRlyPabutn@er NshOAeMTAdadheQ aidneBIomRBjcticgpt i on
of the BMCs into the eyes. ' I n concl usi on, endogenous activation
of BMC-2lsivoheatedicontedaterabeyryr@reviZn§ 80l DOy dhisndearhendatss ¢het thesaimal n t he
eye if the n\é\!l]}oélé %_a& %seeial vr\}itll?%eh\%\éaalui{e%i lgf/ltdsva?l}de\gv'ere reprogrammed because of the

reactivation of the Nestin promoter. About 8% of these YFP-positive hybrids were

positive for Ki67 expression, and only 1% were Annexin-V positive, which indicated

that some of the hybrids were dividing and very few were apoptotic (Fig. 21D, 19B and

25 19C). Strikingly, 50% of these YFP-positive hybrids were also positive for Oct4

expression (Fig. 21E, 21F and 21G), and 70% for Nanog (Fig. 21E, 21H and 21I),

confirming that reprogramming of the retinal neurons occurred also after mobilisation

of the BMC:s into the eyes.

In conclusion, endogenous activation of BMC-fusion-mediated reprogramming

30 of retinal neurons can occur in the eye if the Wnt/B-catenin pathway is activated.



WO 2013/ 020945PCT/ EP2012/ 065327 82 3. Di scussi on Here it has been
denonstrated that the canonical Wit/ 1 3-catenin signalling pathway nedi ates
t he reproyoanms/ng4sf retinal neurons in vivo. |In additi @ol/EPRo1Ass3REEN
shown that spontaneous cell fusion can occur in the nouse retina after
injury and that a 5 proportion of fusioszhybrids proliferate if they are
reprogrammed by Wit activity. Furthernore, it has al so been shown that if
not reprogramed, the neuron-SPC hybrids undergo apoptosis. Surprisingly,
t he reprogramed hybrids can regeneBaPéscussorianaged retinal tissue.
Finally, it has e | eqr.l 0 afit e i i th . [ | 3-
catenin signall iﬁ;ege gta?lﬁﬁz%?el?(nd%ﬁl}?\é@tg%}é‘?%ﬁ% gleer |a{}lgﬁ}cgl\éﬁlgt%ﬁga{%mérSgg%/g(‘aﬂglé%i ted
into the 1@aihmjayrrestidted thoacmagraiusieg anektihepiesmmeisbhi dklitionalit e beans
upon activation of the Wit/I3-catenin signalling pathway, Overall, it can
be concl udSBOWhHtat sptancQuy estinfugion caly OF @i b Jreanpiss gt iHYeHW g ifous

mechani sqn %Eorpg,ﬁﬁm%f "B hybrids. 8rot1ﬁ£e1|1§=/!4et irSRCp a?@?%ﬂr?ggﬁl%dd%gr B Qrivit

plasticity a ripotency, can contribu to a e spect fum of
di fferenti duetemeirt,st hdy dstsidecarshedn BMEST oatrefrognand, e woean-SRCthiybrids

identity of liver cells, Purkinje neurons, kidn cells, epithelial cells,
and nore. TPRASERRRIPES Sprprisingledhe &@&qarﬁa@eégyaéw S @Fé@@ﬁgffdgu on

or cell-cellifausisQr. PRGNFNHSKR- been clearlyPshb®eBANANAWR VilRTivat Rl bf fh%SWﬂOEBVent s
have been considered very rare, and thérefore the cell identity of the

"newbor n" legisnindsighelng evdiwayeianthe| evar BMideviest icglést dut apO redenieed intw dig or s
have deppnst.rat.ed. .t hat &el I -cq(fel | fusiaon ‘%ccugs 1and can_ be vitsutal i Sﬁ%ﬁ%s a
very relevant dVEHES SHBIEIS A5t { QPO P RRS S HERRY o U HEPES N0 h OB daged
eye. This iwndp-b@edhssigadllies prabidy. sevdram @f cer Kict te€daded- BRSI ddllvsieg! | S
fromthe BMinto damaged retinas. In previous studies, the nunbers of
hybri ds demiedaicd icpragemmNingssapheienvadogsanuy megenipm ofdismase repatred: | ndeed,

it has been fou e IQ]"M nl.ess S for . ri
reprogramed, t giynuén e% go cél +1§§edae%%,% %n@g%éye%g@gggﬁgﬁ%}?tabﬁh% _?aenr t he
t ranspl ant abhtpibuichey waknptcthen déddtradiatddSas. TrapslmitédBM Ghcadf fuke ughcy

wth ga}r;qgl i on . and anacrine neuraonps; the resulti ng "newborn" hybrids are
novel cbl | agquire theddenipy o liver gellanPudkingp aerions keensyusels. srithshahseisdandan

nitially ek s ekl hRrearRETRY BMdnEaRRURTILRALADS o O EOF fustth
becone term nal ?13 3?%%'eryent I at edﬁgneur ons. It 1sr emar{<a 1Iﬁle that 1t was
found expresshansm$. Nanog and Cct4, and at the same tinme, expression of
Nestin, Noggi nNiE)d Q x2 precur sog peur onal r kebr S in thes h¥ybr i ds. (il'he
expressi on of 05) LOW yer, cell fusion events have been considered vefy rare, an
therefore the cell identity of the “newborn” hybrids has never been clearly investigated.
20  Here, inventors have demonstrated that cell-cell fusion occurs and can be visualised as a
very relevant event shortly after transplantation of HSPCs into a damaged eye. This is
true also after mobilisation of c-kit/sca-1-positive cells from the BM into damaged
retinas. In previous studies, the numbers of hybrids derived from BMC fusion have been
largely underestimated; indeed, it has been found here that unless these newly formed
25 hybrids are reprogrammed, they undergo cell death, and therefore a long time after the
transplantation they cannot be detected.

HSPCs fuse with high efficiency with ganglion and amacrine neurons; the
resulting “newborn” hybrids are novel cell entities, which if a Wnt-signalling stimulus
is provided, can initially be transiently reprogrammed and can proliferate and then

30 become terminally differentiated neurons. It is remarkable that it was found expression

of Nanog and Oct4, and at the same time, expression of Nestin, Noggin and Otx2

precursor neuronal markers in these hybrids. The expression of Nanog and Oct4 is a



WO 2013/ 020945PCT/ EP2012/ 065327 83 cl ear evidence of reprogranm ng back to
the enbryoni c stage; however, this state is transient, at least in the case
of fusi orwbebd1daem4siSPCs and reti nal neurons. The hybri deCy@prgoi2oeis2ToNm t
to neuroectodermal |ineage, and indeed, 72 h after transplantation, Cct4
and Nanog were already down-regulated. Einally, in tw weeks, the hybrids 5
becone termnally differentiated neurons and regenerate the gcl and the ni
inthe retinal tissue. Interestingly, it was also observed full functional

" egener ati @lﬁabrvifﬁmeo@fe@emg@%@mmg bacloigstbe _ms&)éyo;m SRBE:| flmweivgr, Phigriésie dsa
ranspl ant ST of L /] B CAt e DR Ruay St ardg nERes NP, A5 LB

10These obseryv&idnoidenrh@do heudbttbddrpat éintdral akd irlcadi72Nandgr atssphdtation) y
stemcell genes that are expressed in enbryos, but that they have

) a.
functi onal Gt énd| Nenagnwatsupleady sdaren-grgnarg!- Fansll uBi B9 iselsarthey hybrids
regener | ; ;
Controver s a1 S nrany FREERR A R SUERZ ARSI Doty iulbubgpeipl
Physi ol Phaisstec biterbstinglyopl whs alSe dBsef2A0G)I]fundtioneMegendrationi afphotvetdeptoes t hat

their expression has 15 npot been.cl.early appreciated.in s .Ci rcumst ances,
br obabl y db. o MeseyaRer r aheReitinapignstiore  (RB}Seitery SO Ribeniitied
pl asti city rcBgrali@fifg | STV RAMnar %elw%g@ h@%%_etrmpla%%hf ot desid-EREant pakwan

y

events in vivo; i.e., reprogramre i ds expressing Nanog after the

f usi on of retivated HRBGs Grrsinpile h). ESCs.  ESC-reti nal - neuron hybrids are
probably. nore 2 | uri pot ent than HSPC-deriwved h ids. The an, for

Bl ones Thout t ordBsHipBR PRl bTRT oI Beh VSR G Pt elgaehtFill
addi tion, they ther 4 e@pRERAEN b0 bld@bAthRPhad@Wilctiohl ©RNAIEASE addlf
vitro, inventors were not able to isolate clones from HSPCretinal neuron
hybri ds, cltiestel dpringdicH dpsipigrmedigted fepenpsation proeqspesg Eapressien aindescaganes in
conmi t ment rrey,d i ge f h abi : - i NGl :

" epr ogr g OF ARSI hin P AR CLLICIE RS Bk PO I REF IS Pl o
observed affiarmfiag 508upH RSABS2006) Hoaidvag itthight ek be degiee brgsiashaci ty
of these cells with respect to HSPCs. For a lLong tine, it has, been
t hought 1% h&0t BF90f dpBht FRAFEHCT & S0BH STRHYSINCER JUPRAD et Enits wpryt tpgsient
possi bi lity,tQ.induce sonmatic-cell reprogramm ng has conpletely abrogated
this opinion. However, to date, neuron dedifferentiation has been

consi dered 30 a¥SCsl ako Velvy ghedtf plastidity, Hadeherk t inhagotseenredebionst idenety t hat

neurons can i.ndeed change thei.r devel opnental stage in a.living q ni sm
frepaetept B E e g A R TSR R
they keep thgodBMRENnaPinclildal fwifteuseRakscdemhdlinburoiybrids are probably more
2013/ 020945PCT/ EP2012/ 065327 84 as these "newborn" hybrids finally

di f f er e?ft | @lwipotand thrauHSRE-deTied hikridso{Thay cpn Joral clobse v at/fusn and Sxpress

researchers npormal.ly forge in.vitro.reproqra cells to propagate with a
et f ot Rt bk 6 Teh il i SORRORHET o sl P Pa SR poL s !
in the enbih@wnPlIHrdoRREENt: 6@l Snveditded wase hBE able b agslaRm@encsefrdis, HSPOUI d
rapi dly undergo a 5 change of fate in vivo, which will depend on the

di f ferent tetidhencyromansidanecarheyndipsingd hegmansien pporensng gdafast
specific dichfQrahtd: 3y hQ&oééwemﬁiAéagﬁtﬁﬁgeé&gﬁﬂs e dIRAREY, %;{is?&e%%rﬁ{nh’ﬁie’é of f ased

during the reprogranm ng process m eneficla correct
di fferem i attimahnpabhs umtovihe @xplesdiet 6SNumgd was hatdibsatied bier fusibe vf RSCEs,
(1 PSCs) have _been shown to retain epigenetic nenory of their somatic cells

of origin [PifBingthuiower fegrea of Mpgicay RhEicsoeslisgvti gseect w0 Kim et al .,
nature 467, 28>78PQ 10RDEM it H1Ren kiduLMCHIP AT BRANDE £hRe-walGiiltAGR! L1 ON

fromone cell fate to another is not ut passes throug
transi ent mescbapsmes shompossibibitye carigduceg eorastic-tdle reghygpassng ghashcauglhtein

internediate, |less-differentiated, gevelo ment tf recursor. Wat signalling
controls & HEQeBRRS SPITGR Giovseb e St EaD BrE e B deige beh comidbied
30 as relatively difficult. Here, it has been demonstrated that neurons can indeed change
their developmental stage in a living organism while resident in their own tissue.

However, when they fuse with HSPCs, they keep the memory of their neuronal identity,



15 | ower eukaryotes [Lengfeld et al., Dev Riot 330, 186-199 (2009)].
Regeneration of the Zebra fish tail fin and the Xenopus |inbs requires
activati omOoabh13mr09453- cat enin signal ling; |ikew se for tiPETEP2012H6I3RT at i on
in planarians [De Robertis, Sci Signal 3, pe2l (2010)]. Interestingly, in
fish and postnatal chicken retina, d0\/vn-£egul ation of Muller cell specific
mar kers, such as gl utam ne synt het ase aﬁd activation of progenitor 20

mar kers, such as Pax6 and Chx10 have been associated to a regenerative
potential @ theresencedorms’ hykyigsynallyedidtysersiaty tde ingaransonThis Mheotsy ghekl i ng

i s necessary_to ind cel | -differentiati i S i na, The
Wit si gnal Io?é?]egrg ardeogé%g?%%l&égﬂgcl}oﬁ%lt@??%gtmivsl %rrg@é%]t%ﬁ}ﬂﬁ&l gamgrt%e%rﬁéé%%ﬁ es

m ght t her efith £ dbdifeerbenred sighotdpe; iRdecdy ovant ESDs, idptihcp@hdainbt efisttihelse

studi es highlight the inportant role of the Wit/ 3-catenjn 25 signalling
pat hway i n ShEYe- deiratert GHSprisR es dhe pepomrmsy; ¢lls. shoukhPidE WHEHEOfr m
the basis of.fdic fHEeFLNSD AlhieR WRhEAkioh!hd AFQRLY MKt SRt Esnoler e 1t
is shown that "at least in nobuse retina, regeneration can occur throug

cel | - fusi oremadi @t @dgrespnmgr grnifiegliff@entidiendhtecA Inanagh idettitwasenicryticht & not
honobgenous regeng({/@tion of the transplanted.retinas,.indicating that other
factors, sUehORUGILIHE FoRragBInE grocsts BiCbpr boneicitl: opdssb B F8ehhance

t he processiffhbsitioh tpaBRAN o PRIGXGHNYAL IndRBd Pl ARt SCRMIRICYSAGE BE&G new
neurons and therefore to bona-fide regenerate the retinal tisSue, a del ayed
neuronal debewertatttom epighnctinanemertysy theiesomtiacelds of wagin [Polo er al., Nat

upon 1 obF il AEHT b ERER T i) Ehdciny e TRl EsTh gty 2SR B RS b e

fuse w th Middepuscdedréinatht @fanSHEERGONMNEHEcAPRES Weshothbh €F BdtQdifuct, iHut F’hﬂ&t wel |
be that the de-differentiation of Miller cells, reported previous

[ Csakada etthrapgh the teryient| teerxpraspipn] ofi Bregwyeorn geresss thercbay pass@ewihtqrgnedy ui t ed

5 BMCs. inteﬁgyéﬁe,q%pﬁﬁ%gﬁa%@ d\éﬁ{g%&%ﬁ%lﬁ%&%gmrng can be a nechani sm of

damage repair and, 'm nor g mage or mechani cal - damage,

m ght be repair &dntt §ipodlighy cehtlolf tisd espen@dii@i efl tisepes dgrrasponng tallbmbge in
recruitnment of BMCs. It is also possible that Wit -nediated reprogrammng is
a saf eglfar dOWRCHkATYEles dF-ergfeld e \?_{-VQ@EQFQI 388, 13fsi Sh(20PRY. Rywrmcersioppather e
not reprogr BrEdisHNdar ¢a QIE(PRBQS 00 sd'lﬁﬁl?sq r&ﬁllhles A&l ion 3t F34B-catenin
Wht - nedi at ed reprogranmed hybrids can survive and can proliferate.

However, alsignelligh; tkéverse dot apqut sreganctfatiohyinrdgenenai Be ddobeged Sob§&@af 81 i nas
after ectopi ivation of Wit signalling | he eye. have fail ed.[ Csakada
ot al . (2069 Eh08h i etyeoie Tl Mdgondei abibHTiT ipedorRaeeiHidag ¢ | on
to the act im@ldrQBil Rpei mhtked, 30 hd Adiantifd byrtMGiRNmaBdiiaitRd JreRsLaiemm ng
is also essential in the regeneration process. Thus, strategies to increase
BMC r ec?Wi tnragkars.t soich e Paye sind | (Gvxd 0 \hiav ) be¢neassetipted ttd arregéneyitve giogamaikl phg

m ght be t erapthi al I\y rel evant to regen te.daﬂa ed retinal, tissue. The
assays show Thaf %x%?‘@% ST oS BEP ANY! tTEAARRER BhCVERY PolPte 20

genorme of th\glldrwell diefdiéretiatiodSh @oRaLERAr ThveVie st Biloadodnstutiveksviaf t er
cell fusion, which indicates the contribution of both genones in the

hybrids. Mbkaévesenpiolopree il ieshighhbicredre barabreadothyring svaliatiorobser ved,
an indication t r G- - ki I ans.
Srable ot er okarS nLlp A A7 B L RIRI B TR, Iiplan ERACHE MW BRI

Bl\/]t Fler i ¥ed nga[hlﬁ‘ﬁﬁ pathel alylie it I}&gmt'ﬁ)n\/}ﬁclliélbsg ﬁl@@.bibLOgidaCﬁﬁalmih(n&&hbt;i]bﬂn the

i nfl anmati on [ Jghansson et al ., Ce Ri ot 10, 575-583 (2008)]. In

addi ti on, %é%}éﬁg tRys r%@@ﬁ%ﬂ%&%méﬁwlw@hnww figgnBerenit Wi PRV B8t At i nas
[Morino et @l . i Pr ggudiat Iletiﬁ‘&aqeg&iera!ﬁo§ {%aﬁ07occ&09m§§u%h( %‘%ﬁ%&ionlﬁ‘%ﬁ & -

i nventors never detected heterokKaryons in the retina of the Injected eyes,
al t hough i treprpgresenog @atrotthdyehanhdy irstak yowexicd natddm@Om@ustthgenstadtion ofidimd, it
should be taken. i} SeBSS oY Miciial udet Sh P Bl CONICIENCE Wit factors for
30 example, might be used to enhance the process. Also, it cannot be excluded that in
addition to generate new neurons and therefore to bona-fide regenerate the retinal tissue,

a delayed neuronal degeneration might have also been induced.



were seen when increased resistance to apoptosis was observed after fusion
of cancer SCs with somatic cells, such as nmultidrug resistance of a
devel opi nyotzamsoan94§Lu & WO 2013/ 020945PCT/ EP2012/ 06532 PC3AEPE@ERY653CANCEr
Res 69, 8536-8539 (2009)]. Moreover, cell fusion, and thus polyploid cells,
can al so arise during pathol ogi cal condg%ions, and often the genetic
instability in these cells can lead to eupl oi dy and t he devel opnent of
cancers. Thus, data provided by the present invention mght also be
i nportant in thdgraevsrethisoprpessh on be didured vpan farmtmant pf BMCyg tites thedgyet he
fusion of GaREeRnH0S, W N-RATRENGCCRLL SiHUIRG. HIBRE: AEvel RIPRGrved
eprogramm ng 1S gr adual” "and sl ow process, W I heage~speci fi ¢ genes
sil enced, Vithictegorendogeightsvele besthas Sheidatditfemhtiftiqnl Wf i Pdtlencyllqr eponeiiced.
Overall, the process is very inefficient, because qf the different genetic
and epi gen@f§\eoushy FPwkady gt gd 0% citsdauriands Jupds, fugin cxats wehgearyiged
(2010)] .5 I relged pre-i PS (partially 10 reprogramred cells) show inconplete
epi genetic renodel ling and persistent DNA hypernet hyl ati on, anmong ot her
features. They dam delogamuert edoiroprogiaRniag|chs bt hrmedhnghobadamageirbpdit on of
DNA net hyl ation.. I nyentors. .recently showed that .deletion of Tcf3, which is
2 repr essomn Minrcdifitger s GUPIOGHTAES TiomeERC g pRHONBEhb i AT Tbns
during reprRgLMMENGusibRA&Med 26} bgﬁaﬁlmiﬁg_dﬂﬁﬁ rel&hitm@!ﬁr bV ENIOR it NisVdlld O

.r .t
[Lluis et al., (2011) in 15 press]. This mght also take place during in
vivo cel | frasiilla that VEntepicdjeted meprograd@sg nd ghafepardotachaliym aapdetited!l and

T Tho Ryoaiden rrdPRRRS Bt 2R ot S B R bt DB R e ERePRT ™

cel | - f usi onngi@di, Wtrhdd@RECHHASTIANG cE BBl daf GuiyvMhd cah gftﬁif&ﬂa&g is a
physi ol ogical in vivo process, which can contribute to 20 cel

regeneration/repair in r mal &Jssues. V5$ﬁ013/020?4 PCT/ EP2012/ 065327 87
CLAING A col | sblosievet HiRows ARCH AR JASHLY FReFSTIc, SHEAGCODBNEL FLRE em
cel I (HSC) afigr &tOHEALERLI0R B WntaichaBlinFEis @RE BYIRdve Thiddd (RakadaMBG)., g@bw ein

the Wit/ 13-catenin signalling pathway of said cell is activated, for use in

t he treat mstied ofipral herd ndlas dege demansitateddihob s addiden Ito ftlar a¢isatipn of ¥ nt

treat me of a retiqu de ener tion disease ac ordiQ% to.ckain1 1. .Wwherein
e el

said cell ML PITTRIVERIEH SPWRATING e SrgHal i 1Y paeniat
activator, pagceWd. tThud) siratbibs tt@rinetad BMC Irdcrarime  sicdBds! alogg PathwWay
repressor, and/or is a cell that overexpresses a Wit/13-catenin signalling
pat hway acritigp of Wnt signalling might be therapeutically relevant to regenerate damaged
retinal tissue.
The assays show that expression of RFP and YFP transgenes derived from the
20 genome of the two different fusion partners were detected two weeks after cell fusion,
which indicates the contribution of both genomes in the hybrids. Moreover,
proliferation of the reprogrammed hybrids was observed, an indication that they were
mononucleate cells or bona-fide synkarions. Stable heterokaryons have been seen with
Purkinje cell fusion with BM-derived cells, and their numbers were greatly increased
25 upon inflammation [Johansson et al., Nat Cell Biol 10, 575-583 (2008)]. In addition,
recently, heterokaryons have been also found in wild-type retinas [Morillo et al., Proc
Natl Acad Sci U S 4 107, 109-114 (2010)]. However, inventors never detected
heterokaryons in the retina of the injected eyes, although its presence cannot be
formally excluded.
30 On the other hand, it should be taken into account that detrimental consequences

were seen when increased resistance to apoptosis was observed after fusion of cancer

SCs with somatic cells, such as multidrug resistance of a developing tumour (Lu &



Cell for use in the treatnent of a retinal degeneration di sease according
to claim 2, wherein said Wit/ | 3-catenin pathway activator is selected from
t he groupwoansivd4ng of a Wit i soform 13-catenin, a R PPOMPR012/065327

2- (4-acetyl phenyl azo)-2- (3 ,3 -dinethyl-3 , 4-di hydro-2Hisoquinolin- 1
-ylidene)-acetamde (1Q 1), (25)-2-

[ 2- (1 ndan- 5-yl oxy) - 9- (1 1' - bi phenyl-4- y??methyl) 9H puri n- 6-yl am no] - 3-
phenyl -prop an- 1 -ol (QS 11), deoxycholic acid (DCA), 2-amno-4- [3 ,4-
(et hyl ened@@gyﬂbwﬁ@nﬁ%@%ﬁé@ 190k yYiprsayery pgit fusien. ad ghus polyploid
(hetero)ar L pyrl i f r nTbIe
1 and Con}élelﬁ%tclagﬁg t 58 du{n?%g}ftkglfog c)al cc(nd,ltldnts Mdt gfte thg \Qletfc %mbf[ht%a

degener at i aliesdicsléasd laaLwr dhictglotdy @Hahm&elo@m&rnebﬂcmbﬂ Thiy, dita @rodlcd
Wit/ | 3-cateni n pat hway repressor |s selected fromthe oup cansisting of a
GSK- 3 i nhi Btth presenspiention gt plsp dedmgodain He fubtis ta %@Pw difigrent pgh: use
[ Lhe 1 eabTRLuel i 1iebl BALan@aaRIall LA SARAGACEAIKL DovdhAly. 30 one
of clainms 1 erein said retinal degeneration disease Is selected
fromthe group ®Repsigsdmmngofs aedradiial iand pilgwembosa, waatgehmeagatspdcﬁacgsthesr

ront b 1 noftassd Rt apkeR Ebin el oy I PPy FRARR NG
dystrophy, RGeS iOkery meﬁm&tog&%ﬁﬁgﬁ/tﬁagggé@ 2l 88di HERARIE bgm e,r§

neur opat hy, chor oi der em a, age-related macul ar dégenerati on, f oveomacul ar
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the treatnment of a retinal degeneration disease 30 according to claim$8
wherein said inhibitor of a Wit/ 13-cate %n pat hway repressor is selected
fromthe group consisting of a GSK-3 inhibitor, a SFRP1 inhibitor, and
conbi nati ons thereof W) 2013/020945PCT/ EP2012/ 065327 89 11. Cel

popul ation for use in the treatnment of a retinal degeneration disease
according to any one of claims 7 to fpﬁ{Eln said retinal degeneration
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signalling path repressor. 2515. Cell for use in the treatnent of, a
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20 (methylenedioxy)benzylamino]-6-(3-methoxyphenyl)pyrimidine, an
(hetero)arylpyrimidine of formula (I), (II), (II) or (IV) shown in Table 1, and

combinations thereof.

4. Cell for use in the treatment of a retinal degeneration disease according to claim
25 2, wherein said inhibitor of a Wnt/B-catenin pathway repressor is selected from
the group consisting of a GSK-3 inhibitor, a SFRP1 inhibitor, and combinations

thereof.

5. Cell for use in the treatment of a retinal degeneration disease according to any

30 one of claims 1 to 4, wherein said retinal degeneration discase is selected from
the group consisting of retinitis pigmentosa, age-related macular degeneration,

Stargardt disease, cone-rod dystrophy, congenital stationary night blindness,

Leber congenital amaurosis, Best's vitelliform macular dystrophy, anterior
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i nhibitor, a SFRP1 inhibitor, and conbi nations thereof 17. Cell for use
in the trwatzosnows a retinal degeneration di sease accoPdirmp2410/0633¢7 5 one
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(HSC), a progéniGetirfoceddin the tr@&@merisefrcieying|degtremtoal disdaddSCoalme ®mfaim
conbi nation thereof, for u.%ie in [2@ treat rre\%q .of reti nal degeneration
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pathway, of a refdyeghacell by fusion of said cell with said retinal cell
upon contact of said cell and said retinal cell in the eye of a subject. 25
20. Cell population for use in the treatnment of a retinal degeneration

di seasej@ccor i ngcélppspaatOnlédmprRinpodrplufdity on c¥ild, Baid cWg béiﬁ; gat&sd from
signalling pathway activator, or with an inhibitor of a Wht/13-catenin
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retinal degeneration disease.

15
8. Cell population for use in the treatment of a retinal degeneration disease

according to claim 7, wherein said cells are cells treated with a Wnt/B-catenin
signalling pathway activator, or with an inhibitor of a Wnt/B-catenin signalling
pathway repressor, and/or are cells that overexpress a Wnt/B-catenin signalling

20 pathway activator.

9. Cell population for use in the treatment of a retinal degeneration disease
according to claim 8, wherein said Wnt/B-catenin pathway activator is selected
from the group consisting of a Wnt isoform, -catenin, a R-spondin, IQ1, QS11,

25 DCA, 2-amino-4-[3,4-(methylenedioxy)benzylamino]-6-(3-methoxyphenyl)
pyrimidine, an (hetero)arylpyrimidine of formula (I), (IT), (IIT) or (IV) shown in

Table 1, and combinations thereof.

10. Cell population for use in the treatment of a retinal degeneration discase
30 according to claim 8, wherein said inhibitor of a Wnt/B-catenin pathway
repressor is selected from the group consisting of a GSK-3 inhibitor, a SFRP1

inhibitor, and combinations thereof.
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formula (1), (Il), (I11) or (I'V) shown in Table 1, and conbi nations t hereof
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di sease 5 according to claim 20, wherein said inhibitor of a
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GSK-3 inhibitor, a SFRP1 inhibitor, and conbinations thereof 23. Cel
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di sease 20accor%%qgﬁto.clain123, @her in said retinal degeneration defives
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| east 50% of theyaalghs, OfhsRiYnd@®hle, SRIPRSink] YpcabBtivelBrltf ddQr Hag 9roup
consi sting of hefmatopoietic stemcells (HSCs), 25progenitor cells,

mesenchymal st empeiwhdrg pgthBlagy. and any conbi nation thereof and wherein the
Wit/ | 3- ﬁ(ﬁteni n signalling pathway of said cells is activated. 26. A
phar maceuti cal conposition selected fromthe group consisting of: 1) a

phar maceut i cal2 cRMPsSHtlARAH EHNRSd $i NBe afcatr@@$tofdaCRlihals @tREt@HR rdgBass30 t he
group consisting of a hematopoietic stemcell (HSC), a progenitor cell, a
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Wwht / | 3-cat_eni n %iiag)@%lslotg%}l&%@my of said cell is activated, and a
pharmaceutical | y accep e carrier, and

15 13. A cell selected from the group consisting of a hematopoietic stem cell (HSC), a
progenitor cell, and a mesenchymal stem cell (MSC), for use in the treatment of
a retinal degeneration disease, by reprogramming, mediated by the Wnt/B-
catenin signalling pathway, of a retinal cell by fusion of said cell with said
retinal cell upon contact of said cell and retinal neuron in the eye of a subject.

20
14. Cell for use in the treatment of a retinal degeneration disease according to claim

13, in combination with a Wnt/B-catenin signalling pathway activator, or with an

inhibitor of a Wnt/B-catenin signalling pathway repressor.

25 15. Cell for use in the treatment of a retinal degeneration disease according to claim
14, wherein said Wnt/B-catenin pathway activator is selected from the group
consisting of a Wnt isoform, -catenin, a R-spondin, IQ1, QS11, DCA, 2-amino-
4-[3,4-(methylenedioxy)benzylamino]-6-(3-methoxyphenyl)  pyrimidine, an
(hetero)arylpyrimidine of formula (I), (II), (II) or (IV) shown in Table 1, and

30 combinations thereof.

16. Cell for use in the treatment of a retinal degeneration disease according to claim

14, wherein said inhibitor of a Wnt/B-catenin pathway repressor is selected from



WO 2013/ 020945PCT/ EP2012/ 065327 92 2) a pharmaceutical conposition
conprising at least a cell selected fromthe group consisting of a

henat opoiwoi2013Renscel | (HSC), a progenitor cell, a nmeseatmpawl2/osizem cel |
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signal ling pathway activator or 5an i nh'? itor of a Wit/ 3-catenin

signal I'ing pathway repressor, and a pha ceutically acceptable carrier.

27. A kit selected fromthe group consisting of: 1) a kit conprising at
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18. Cell for use in the treatment of a retinal degeneration disease according to claim
15 17, wherein said retinal degeneration derives from cataracts, diabetes or

glaucoma.

19. A cell population comprising a plurality of cells, said cells being selected from

the group consisting of a hematopoietic stem cell (HSC), a progenitor cell, a

20 mesenchymal stem cell (MSC) and any combination thercof, for use in the
treatment of a retinal degeneration disease, by reprogramming, mediated by the
Wnt/B-catenin signalling pathway, of a retinal cell by fusion of said cell with

said retinal cell upon contact of said cell and said retinal cell in the eye of a

subject.
25
20. Cell population for use in the treatment of a retinal degeneration disease
according to claim 19, in combination with a Wnt/B-catenin signalling pathway
activator, or with an inhibitor of a Wnt/B-catenin signalling pathway repressor.
30 21. Cell population for use in the treatment of a retinal degeneration discase

according to claim 20, wherein said Wnt/B-catenin pathway activator is selected
from the group consisting of a Wnt isoform, 3-catenin, a R-spondin, IQ1, QS11,
DCA, 2-amino-4-[3,4-(methylenedioxy)benzylamino]-6-(3-methoxyphenyl)



30. Kit for use in the treatnent of a retinal degeneration disease
according to claim28, wherein said retinal degeneration derives from
cat ar act syodossyev®s or gl auconma. PCT/EP2012/065327
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pyrimidine, an (hetero)arylpyrimidine of formula (I), (IT), (IIT) or (IV) shown in

Table 1, and combinations thereof.

22. Cell population for use in the treatment of a retinal degeneration disease
5 according to claim 20, wherein said inhibitor of a Wnt/B-catenin pathway
repressor is selected from the group consisting of a GSK-3 inhibitor, a SFRP1

inhibitor, and combinations thereof.

23. Cell population for use in the treatment of a retinal degeneration discase

10 according to any one of claims 19 to 22, wherein said retinal degeneration
disease is selected from the group consisting of retinitis pigmentosa, age-related

macular degeneration, Stargardt disease, cone-rod dystrophy, congenital

stationary night blindness, Leber congenital amaurosis, Best's vitelliform

macular dystrophy, anterior ischemic optic neuropathy, choroideremia, age-

15 related macular degeneration, foveomacular dystrophy, Bietti crystalline
corneoretinal dystrophy, Usher(s syndrome, and a retinal degenerative condition

derived from a primary pathology.

24. Cell population for use in the treatment of a retinal degeneration disease
20 according to claim 23, wherein said retinal degeneration derives from cataracts,

diabetes or glaucoma.

25. A cell composition, wherein at least 50% of the cells of said cell composition are
selected from the group consisting of hematopoietic stem cells (HSCs),
25 progenitor cells, mesenchymal stem cells (MSCs) and any combination thereof

and wherein the Wnt/B-catenin signalling pathway of said cells is activated.

26. A pharmaceutical composition selected from the group consisting of:
1) apharmaceutical composition comprising at least a cell selected from
30 the group consisting of a hematopoietic stem cell (HSC), a progenitor
cell, a mesenchymal stem cell (MSC), and any combination thereof,
wherein the Wnt/B-catenin signalling pathway of said cell is

activated, and a pharmaceutically acceptable carrier, and
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27.

28.

29.
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2) apharmaceutical composition comprising at least a cell selected from
the group consisting of a hematopoictic stem cell (HSC), a progenitor
cell, a mesenchymal stem cell (MSC), and any combination thereof,
in combination with a Wnt/B-catenin signalling pathway activator or
an inhibitor of a Wnt/B-catenin signalling pathway repressor, and a

pharmaceutically acceptable carrier.

A kit selected from the group consisting of:

1) a kit comprising at least a cell selected from the group consisting of a
hematopoietic stem cell (HSC), a progenitor cell, a mesenchymal
stem cell (MSC), and any combination thereof, wherein the Wnt/B-
catenin signalling pathway of said cell is activated, and instructions
for use of the kit components, and

2) a kit comprising at least a cell selected from the group consisting of a
hematopoietic stem cell (HSC), a progenitor cell, a mesenchymal
stem cell (MSC), and any combination thereof, in combination with a
Wnt/B-catenin signalling pathway activator or an inhibitor of a
Wnt/B-catenin signalling pathway repressor, and instructions for use

of the kit components.

A kit according to claim 27, for use in the treatment of a retinal degeneration

disease.

Kit for use in the treatment of a retinal degeneration disease according to claim
28, wherein said retinal degeneration disease is selected from the group
consisting of retinitis pigmentosa, age-related macular degeneration, Stargardt
disease, cone-rod dystrophy, congenital stationary night blindness, Leber
congenital amaurosis, Best's vitelliform macular dystrophy, anterior ischemic
optic neuropathy, choroideremia, age-related macular degeneration,
foveomacular dystrophy, Bietti crystalline corneoretinal dystrophy, Usher(s
syndrome, and a retinal degenerative condition derived from a primary

pathology.
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30. Kit for use in the treatment of a retinal degeneration disease according to claim
28, wherein said retinal degeneration derives from cataracts, diabetes or

glaucoma.



