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which leads to loss of vision. Although the phenotype is similar across most forms

of RP, the underlying cellular mechanisms are diverse and can result from various
mutations in many genes. Most involve mutations that alter the expression of
photoreceptor-cell-specific genes, with mutations in the rhodopsin gene accounting
for approximately 10% of these. In other forms of the disease, the regulatory genes
of apoptosis are altered (for example, Bax and Pax2). AMD is a clinical diagnosis
encompassing a range of degenerative conditions that likely differ in etiology at the
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athrophy, retinopathy, macular dystrophy or degeneration, including age-related
macular degeneration, which can result in photoreceptor damage and blindness.
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cells can be produced. In a further embodiment of the present invention, cells
providing the vasculature of the eye can also be produced. The cells of the present
invention may be transplanted into the subretinal space by using vitrectomy surgery.
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Another embodiment of the present invention is a method for the derivation
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35r¢nIIcamf@r fé?ﬁ?@di iesgelldms bpen B%Sé%cbﬁlenltgﬁiﬂé??tq fonid semtatig cell as a

pr @uéidiriehnkfee dMﬁ%%ilQ& bHegte @l ARt oRYExF@R afbi®BerfRis inhibitors

R e éﬁﬁﬁféﬁeﬁeﬁveﬂv'dy such cels

pr ﬁmlyr}ﬁacgeﬁetiamllﬁlﬁ’fochﬁéd with badgdhavegars thacnm&ﬁa@leoabsdulalrbzatmn.
Lo P eV el IERASEH. & b 1400 inSHn GBS COIPE =g o

produced by a a sofma
t hambtysl- @errmeé@elh with hompeygsgityiethe A Ir@@t Sli_bb%aifsaltdmlls have

NorRked Ecﬁﬁ}!)l'eﬁﬁ}‘bf’tﬁellrﬁL@?%%éﬁg the cell has been
passed, he use.of. sai d.somatjc cell as

10nycl ear thP%g%’Pe%n HigHipnabembodigent ffhe preamt é;nvteﬁﬁ"t’n includes the
OV eh@¥@eRssion I BSoRmesd RPEMR IS althostCiie &S-RirHRe gigmented

Epi t hel.i [ d Fac DE/ EPC- 1 AI t i
C bttt RS Y R R Ry oAl day FERiioh R tnglocular
gemeskdridheir ﬁierdpleuthWWdhdimend ah itloeic abilfyad perform RPE

Eg‘?%%'hgﬁngancﬂfo S Sl\l}gfgﬁibgﬁ&nd %\é}éﬁ t'IEl%PeféZﬁIeg!g; Izr'{gddén}gg E@Eoéells are

, 15 HLAh?ré@fP@Zﬁds‘ﬁmg Quigr moEp 6t @@prgowméechpmet éa assessment of their

comicgishality Ofe. bﬁ@gobyﬁbé\oaﬂiel ARfYecehtd? ﬁ-ﬁhﬁ%ﬁtfs OFiamia

addi ti,onal of e .present in
o O S O R oo R O ey pERPE ke
c eIE«]SsnellAldeﬂmmnghs thinen g Snthed] invedt] paaypeaiteidns, €pd 4 hel-iigliting

| p
geﬁlé%mglte rtﬁgg r{cﬁﬁl@ %Iﬁ e E)REJX% EJH% tpi J %glﬂla%gé/WmO of RPE-like
20v afcglds; Wivd evalepondf & quérdﬁn‘eﬁsi RPE«}ﬂ@ @elﬁseanﬂdﬂ?ﬁ e by gene
f u '%52 HeSien ﬁ&"éﬁhﬁ% é g@%ﬂﬁneﬁ _f &ﬁeréibfb%ﬁsﬂ meoi@Gﬁl&?frﬁH@ms of RPE

o n él 2 Pﬂ%&ljélv gw?el &!615 1§ Bsy 2 tEe rélp )ZPeEDF Tﬂe cells can

as abs derntluatfed basidron tﬁame;tpresmajnl dﬂixanmr@noﬁﬂlagﬁﬁatbl@ﬂo&naﬂy
f I
0 récﬁ&rﬁ: &tﬂ% ggeegé\f% op eﬁg E&?&I§(§ v}l)%/tag{%ﬂé%&o fs{r?&ﬁ? Ootsl ?r]atx 2,
25p| gxBpte st QIfDCRRInEtﬂ pazcé/rru&s ag@pixd/praRi(Giachiev esd RishG209h,

anigi@ineBdel | Jopanspl antati ons, (as a non I imting

exanmpl e this can’include SCID mice); (iii). phenoyt pi n

and kar y¥8t 3dditRnabembgstmentof thepieagrt inveptiqp is @mtbgd 15
of cﬁﬁa@tehiaﬁmﬂ@flﬂse&brﬁ%RlPEk]ﬂ(&&éﬂb &s@g gt B ohé §§ﬂh@ t&ihmques

o rieeed BTt P BB Sptirfh bds St b L A REE e
301 eells funcdnatityn giiestuaboemndfithe pRApBERNCRPERBE;likeHIcellldegivatives
Ce'tﬂxr%u%lgﬁhmﬂ ﬁl%dQGIra‘fx C@Eﬁ@ﬁcﬁﬂ Bﬁzﬁﬁ P?@H@%ﬁ lﬁﬁgyﬁﬁ% OfRPE-

of tr criptional activators I e

t hdikegellsy éiye peadvation of gerd exprassionpretding, (v) evaluatlon of the

C h)é%&/eysﬁiéh éf lﬂbPéculﬁlt &mlcersQ)tf RIE at4Re ﬁx‘o&% MEP‘ and (w%the expression
er

Si X / . 1'I and p &1 g (Fi sc
an@? & Cnﬁb@aa acwpmél%a lyquuueéch% € e¥GdSENPMeHhH I a further
35enkaodimnt tesé teehpigesendy bowed forahe hsemizti ddultiple hES cell-

t h%enved cell types.



characterization of ES-derived RPE-like cells using at

| east one of the techniques selected fromthe group
consisting of (i) assessnment of the ES-derived

RPE-|ike 30 cells functionality; (ii) evaluation of

the pluripotency of RPE-like ES cell derivatives

t hr ough Zamitiren kmivodisient ofths presantanvanisn 194 iniejhod for the derivation

A ! | :
gvggﬁﬁta%ﬂg g@ﬂpﬁ g&ag%iéggggodgfegﬁgg Flhﬁﬁangﬁid rom-Tn¥an animal
o abTBicios Blastocy e tages srbesis SRDG) Fishew thsgeneationros Egfcel lines

RPE at tHigops:8k §r.'§iéht dleggt@%?)sﬁlﬁd)e(lﬂdl@ﬁrﬁteﬁr Iﬁaqﬁfaﬁfeauﬁwmolfn an

stran tio require
Seyangeien Wgﬁ{ateﬂﬁiﬁt b ERRC L ko e HEwaly any cell
t eaﬁm :rluﬁss}amn ebgbrysmd sfeat (HB$ celdses aafilt fop ftutigh bh e
e eri.ved c Sy
¢ nd i BE o Y Bt S0l R5T be R R R S e or
of UR@EJIUéaticzn therdpiRREL ¢ dateuths differetiagiod iof bemby afid mouse ES cells
huRp And-RQReH Qhﬁ@ H@h reéim.&gg |(1%vf%5ved by Sgith, 2001) including

bl ast ocyst -sta

10 geﬁéridaqmmm [%shaé &l |a1 | QQ%SMUE%W@W& %QOérﬁfa'emtgr qtea) 2002],
CameRenb Betbhdundlt c:‘:llrddi?d Q’Ke@biﬁ@ﬁ” dt.a1 2040, @amn@é% eP al.2001,

' t t
o RhbERern £ S00R BheP Ry 415, SBPF hhie. st
huimepatecysbe-jikatalsgRembhitBES)t. aleD83)ahematsgdetic cEldy (Chadwick et. al.,
st li%bﬁs o%(g'tésgﬁubgér eft & e@?(ﬁg; t!hgﬁxogit Ii'#i@%&lsc&lnll iYaer:]fdalc 3603)
15 t r @ABgEatietislel eplls (lﬁéhaap?-%?) ang astpoblasts féur Nieden et. al., 2003).
di fARmepthdbiainPbs AY H&@eﬂﬁﬁvéﬁ%ﬁ% Emehbl b?ldehﬂgﬂ?no cells such

nunme el |l t been, re orted reV|eme
Snif %\?’%’f@@ {qpﬂkﬁ“ﬁ Qe B TESFIGicE [H%@ﬁféﬁﬂ‘ébeta cells,
al IneurzﬁﬁlkndcbﬂiaﬁIBﬁ Jpré&genitat cells @&eﬁ&élﬁ;&i@éﬁ[ nﬁdell tBJ:rapy or

209%%11 n@%g %P@Q%wggﬁk@g%o%gygt%% (2 lq g ér @er erpgryomc cells

20200vith thaaam@éy toediffeog atednto ugefu] cewmzes DutseNtarieg theamessenger

1998y A traﬁ ¥s°cﬁ§é{1&r &dils QVlﬁheéellﬁ d@lﬁ@éﬁqﬁﬁlwcﬁ ’Pfhs nfé'thod facilitates the
200 ?t [ c cel (Chadw c

0od nélécfc lgyith a|n°rm yOWwaoéeyf@‘fm&eelmm@lzed for
( Licall R¥ray. foﬁfesearéﬁ)03) 15 pancreatic islet cells

Kahan, 03 and st eob Zur-.-Ni eden e al . .
b003, " Thadrwer Brsslah BERIASIS: EUIrRLERER by ps cgls into
25a resphaalizsfl celienthe mymmgaldeieh@ﬁ‘, theohtina pigRRE cpitliedinm (RPE). RPE
hengy Q%b@tﬁlgm&ﬁéd §p1th@H§1Cr{1§ncﬁ§3leL‘ Betweky g Cﬁgll‘ollé and neural retina.

pancreati C eur gis, endot

pr ORI G o GaT 063 GRITGE R eEb e IoREReAm i s, Ay @fypctions

or llrlldl@é?dqﬁfag&yt&ﬁ df\sBed fddQﬁ'ﬂdQ:Bhé M@t@n se@fﬂéﬁtéofbsﬁrp‘iﬁ)ﬁf@f stray light,
C e er e

|
st Koot Pl Elee FAIRROR TheBriifits and Resth Hhptrt fosigrson et al,
30 co riﬁ%,ll?lglet bl Rets 200y dviarnidsteinreared ¢ i 998) s Thé RPECk easdlyl s

W trgbo%{éj (?b??[gl: qies't eMFlIa %%@ﬁ%%&%?glagﬁﬁ Jrﬁén?%decsells In

| ca
an @ddl@pndberewwve@l h@vepmmhem th@RPEdecHudmﬁ@pleyr for
r e$e@atdth Jélgmefng binl (@mmgmna ByieyiagieR é)tré’t'émttﬂgt is also found in
dlfferentlat s’ int
spdeical %ﬂﬂhb&wﬁﬂﬁﬂbaq@% Ly83); %%Pg@e 2 cyioplasmiq prgfein
35pi gmedteddp lréthﬁhdL mmab&EE) (MEEE al.j 2004, Rianﬁﬁidyetmlg mesg)ed
epl nolk aye e cnor
b R G LoR R LR R R
bl ddatstorsieimetat, 2090),rrad pagmient epishefiumoderived factor (PEDF) a 48kD




i ncl ude phagocytosis of shed rod and cone outer

segnents, absorption of stray light, vitamn A

net abol i sm regeneration of retinoids, and tissue

repair. (Gierson et. al., 30 1994, Fisher and Reh,

2001, Marnorstein et. al., 1998). The RPE is easily

r ee@gﬁciwtm withengisistatie srapagics 6K puak ausisretr plh @08y ablonski et.
bl aclopppgmented celI's. In addition, there are severa
known nar ker s of t he RPE, cl.udi ng cel | ul ar

reti nal AeHyYaualiferyTE Gt ﬁbﬁéiﬁé] Is 1?@%@8@‘) plagiicaty; RPFE gelis ase

pr ﬁbmallytrﬂ@énda ghﬁ:@ca‘m tbndcanrbeoapnoccahdmlcfe@ycbdsla ko injury or

5 b B  R RUL RS RS 1 B Bl L Wil Bpate forming 2

al n¢w2tﬁlﬁﬂ)1ay5b(ﬂhan at.al,.1997). ,Sev@aBytndiebhste ingloatad thahéhe RPE
pr %ﬁfay&fl&aah:})n tt:el‘fé c'ﬁqwré 124 '%;g %ﬂ @rthag ¥3h fa?&l?%(vegtetn Sheir

ors elrn

eppna@m RIE areorplydemyf @trteés'ron(qb@rbpw%ﬂ l@mhboﬁets@lc l@8&d.ee et. al,,

pr Q@@!gn S mcleﬁ%ﬁb‘iﬁétﬁ@dlf@f@@e&'ﬂb 88d pKAN QUi BBl 1ayer are
01, Jabl onski et a usual

10¢ eéftom ¢ §4me HReageEs o P?@laék?ﬁépgﬁpEpﬂegAg?Yﬁ Sy lszbEEd epithelial
C ebhd fudtferms) QM dyyandiBwokd, ¢ QM)yhﬂutrﬁ,S@@i&hdm@ bh tke¢bmbination of

oh oDtk el G o AL RPEC b B et o cpilip or rapicy

f | dediffareanate pnd)bcmmrehfew ﬁ@h@ 19%6WOpanaidayzink, (12840
et 1n1@esti 7t)ne egﬂ’l‘/e@faﬂ)heﬂ) ?st ngéh%gﬁl‘g%tng-%}h &Lngscent

RPE nondldyer ctan produc

15 appefranCaidsar et ah 1996 by revert to their original
RPE rmr nhﬁllaﬁﬂyah(aﬁﬂaewl erﬁtRPEtbhareslta%m&Ff@eﬁ&fr vAth neural

£ hitinE R RGeSt G lec iR AR forgipbahas been

10stggesied ttmt BREeah Maaa@ﬁeramlatmtqom@ubaal iposEendrs RBRas and

Nplzga)l/(han . ),%?e%ﬁbﬂs%?g%{ ? al 9@@ I\ﬂhbr%'s e tﬁp dl §9l§§ a§'18 rlr%x@ ‘epithelium

2 coﬁ%glwht iL980)pOne gf éwfwt¢ra&m¢}scaaﬁanﬁab@gtheeqh@me HRP R Eto

be nBBbAY i@ bFexF aaan&phialaeigwna pfocés%mssﬂcyated with the expressmn of
|fferent|ate ativ

f
O el hERA 3t oRG8 p OBl S Rl bR oV el tent dncligine
p hex/oaxy prec 104msx12éalx ees adik 25 biedloptx, simfipptxes mitf opmideae®/pax2
éhteP &ﬁfRéﬁggﬁi aRﬁhe?‘eﬁ1 af 20’03)1%%%&4? i HEE‘RXE’%LAh%&n that the

hares the ’sanme
25 ne maagms olcthe ghick refinaseniabasura) éﬂenmﬂll@f(F isleer gpd Reh, 2000) and

ve%a@hﬁ dés}ﬁsiﬁéd EQlstiA kAt SRR Gl»ﬁlu@&zspreést aR88niFe&M form neuronal

gag%séFesan%téﬂu é@an t%@ﬁ%’d B@QFQLI at189|4;]t oneur ons

( Chen efThe pi'esentéi@&&uoﬁfpm[des fa.the aénvanﬂ:ﬁ Bﬁﬁrab&ﬁﬁu' hestsvork

sglrc%élgs%% FES {15 9 %ﬁr enet?caﬁbﬂgg{' &abeﬁ %%tglg{'c%k \é,gl&:t%r the
30(@1‘&&@:160@&@031&1994 a process associated with the
eXpr €500 pRken ik ANRGH biRb Pﬁﬂﬂies Frthy el &&dﬁlgg%%ﬂﬁt;écmar

req uire %%/ eve opnment I NC Irax
c hmp@h\vgr% czllﬁfrszm EBp e@fqzs snd BPR ks sells and aley Bpesaetically

mt Hodﬂmdgdggégﬁélﬁﬁxﬁlwoﬁfbﬁl@ﬁ&ftha&@aﬁ%t o28edconfauner
e a

25" rmar o THE PRUR 0 CERPL R-Pde RACEOR e FLALPD of RRp eell and
35 ceRPE frédsaheclladidecRy iron?RGMdn @mdchontihatart dnémpli igomid ed
ﬁgbiagtﬁ)g?st-tsﬁ?;éd Bh6R0s (EDEL) WiHuERRE SRAKRHG b s caMAQr ™
comprising a) maintaining ES cells in vitro in an undifferentiated state; b)
differentiating the ES cells into RPE and RPE precursor cells; and, c) identifying
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cells in response to FGF (Fisher and Reh, 2001). The
present invention provides for the derivation of

trabecul ar meshwork cells from hES and al so for
genetically nodified trabecul ar neshwork cells for the

30 treatnent of glaucoma. The present invention also

pr oslistbe REGT cefllsdydemperng Hp mskssengabBYA tanscripts lofieudh cells with

cel.lig Jéh%&ﬁrgw%r ogenitors and RPE-like cells and al so
for genet| cally  nodified trabecular neshwork cells

for theFeFaatRreiidedpy HleatessHEnY THIOFI R Stshtods Adtdhe ferivation of

I g@RPmP Bfes r@?bk&dﬁsofsﬂb ReBxetie ﬂ%a‘l(( ahv@;m @Ereﬁ% aﬁb‘ﬂht'y% predent
recursor ¢ | rec m numan

5 SoeRaNELARE: sHershatiioithistd O el st fpmean

( EBfDsr)al wirdthihat tetdmeergpeneshat tensd ‘&herﬁﬁ atéddst 10% e$ the normal

A AR BN REbEER S8 abd B oo cell s a

c e|npg1earrtra@sﬁpéoa¢rope§m£crﬁafé caMsdat evarexpressggiogynesis inhibitors,

I d%mew‘lﬂ tmcﬁg%hés% h®iths REn 66 Mgﬁn&‘t mqmm ‘.f'ﬂ:nt/&f:‘Factor

g transcrlpts of such cells wth cel
1Oderq)]@]8 /BR @'\]/ Furt her provided by the present
i nvent i que@f@eﬁemhaﬂ@nfp@fvlddsenamsdsviat tenreatmerdRBEP kR8s

h d
i e 3T RS el eea S B s Ao Re b B SRR E el These
co mmyl b dedivers)l bagstang)tws mirastiigtat ehplanuaqu with ogmicmtarriers.
SUGl}dpal t@ll?? %Q%Qeiﬁer&iq\gftﬁﬁﬁqge waed f%.]l'%ro%tm'{ F@the]c%%é may

of the no l'icatl1ve _|Lifespan of
15 beéﬁoﬁ’&ﬁféﬁideér\@l culB)re ¥ ﬂlh@leéfﬁaﬁw& of Bprkinggn’s disease by any

nueﬁ&l@crdhroaﬁﬁfoqhomﬁmedmhbaho create cells that

over expr |s |nh tors,

angi ogerggtg?rsfainﬂ %tke)tlh %Vﬁgﬁ?ngﬁﬁgﬁéﬂ’ﬁaﬂ?ﬂt from the
DerfoN@eving detadied ﬂlé)sc(lEEDF/ EPC- 1). The present invention
provi des nmet hods for the treatnent 'of Parkinson's

d| sease with hES cell -der| ved RPE RPE- | | ke and/ or RPE
20pr ogeni t or cel BRIEFRESCRIRUIQN QE/THE Y

st er eot Pigere IR L seﬁ%@\bfp mﬁtsh@wmy th@apyearance of
mcrocarrci]ers Alte be de

i gt Eers e Bt R R o) i n Baruals i ferpatiating hEs
aI gellh d?lgmpalmdfsch phmtcugndtphwf eigmechtebedidng it he. 5t mewth wbhidherent
T Yy
2<t héeglﬁwma bh nwnlﬂa ol@@uﬁprpég@wn riiea at éx maghifisaiiony Figure 1C is
dety HN%I FI binefted 4Ra BRAERdHRRERhIRIE QNgtle THls a photograph

f
e S s b 1 S B o
( c ha@uﬁ@trye beistden pidmddRid regibh apd the rsn@tﬁﬂmmxbmed ¥%200; Flglll'e F

d' fler %niﬁ{@& E%é’bgﬁ‘s‘m?%“a Cgtll(%lurxA?I'F]lA 15A g% g:tﬁ)?rg to Blgmcnted

30cu|regmm a well of a 6-well plate, scanned; Figure 1B

is a ph
ol d cﬁl ;ﬁugﬂlgfai)& Lot @ée%@?%ﬁ%t% ﬂﬁ%ﬁ%f}:ﬁ% @gﬁos@ EH&’Pélgam of
1C pignentation and eplthehal morphology in culture Figure 2A is a pho ocrraph

showing primary EB outgrowth, 1 week; Figure 2B is a photograph showing the
primary culture of cells, isolated by trypsin, 1 week; Figure 2C is a photograph

35  showing epithelial islet surrounded by proliferating cells; Figure 2D is a photograph
showing the regain of pigmentation and epithelial morphology in 1 month old
culture; Figure 2E is a photograph showing the culture after 3 passages, x200
magnification; Figure 2F shows the same culture as in E, x400 magnification,
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a photograph of a pignented area of an adherent
culture; Figure 1D is a photograph of a pignented
region of an EB grown culture; Figure 1E is a
phot ograph of the boundary between pignmented region
and the rest of the culture, x200; Figure F sane as
Fi glafénam migrosepy.4Blrckagaivs et topigmanted wells, hiteamdws show

pOIomo—r@\QmQI(QH?Witﬁqw é}ngrggl ons Figure 2A-F. is a

seri es phaot e | oss and regain

e CS bt Dol o b an AP oy n ok bmeps end
Fi t@iﬂé @ra%ﬁ itBesd SO0 egkaPbf IEJEB@IM]BS CEME; ﬁﬁﬂv}éd@@gmented epithelial
sou ur.e i.S 0 n

50 i Filurds IEREq 3B Posfitabi BoP LA SR Gl bs R
e eharkér bestrepl2i@ and carrgdpondigs aba\semcmmm@elépad@aha@hﬁcatmn
| s'ﬁsm%y@ ARV AL R cf%%ALEP ol QrEerfolidd phase

rap show ng t ai n-of pI gent

ep.cméa aﬂllcrﬁwmﬁ 9(4%@ #lppn. MWS@bpwah@colpcajua@on of
2Eb|e§tr hhet Z)OﬁHEIB’QAEBP g glhaeﬁt@ht:anse(zcaibs %o%vheads point to the

pas nific
e?lﬁ A A TR MG
m cr oscdjiyureB, mghtai’mi\shq?m aphoterpplgareindrash 68kESern blot of cell

PSR R AP GBI MRaRA DBy .-

of %ﬁtﬁf@o@ﬁa&dﬁwﬂs o1fe-ComtEgfio antm@sﬂ@h entitrdliyké+soofrol to anti-

RPlgegtfb -derived pignented epithelial 5
cells. ures A and 3B are_ phot ographs show ng
15§ munol é‘“earrezda%hoafﬁ paptomﬁw#l@r dempmsirate Hivi Gxprgseion of markers of

COIPfaQS pm@drmprm;e (Fighr 0 9EYRYd fiit€ | Kig ui<e2m Flgure 4F) in RPE-like

gz\ﬂl at : E%E %r{;recfﬂggrg%ﬂﬁi,w ﬁa}ﬁ C{ggt Ipigae contrast,

m d?lgmteeﬂy ngletreoHH x40 gerbigrigts ol dx6mitPphrasevsorgiasivRignere 4A,
Co'ﬁﬁlﬂl '@tFll S C& aBS%i@/Hﬂi ? offskt %'ﬂ?g 4K qf‘lf%ge 4F,

%émsnt ed ce arro poi nt” £0 t
g 469 st ai ni ng for these proteins (A B) in

non pig rmmnecMm tsm&?pl(l@o@)i IS SFRTE diffeRingiftioP ANk culture of
=98 PR 09526 2 b&f’%ﬁ st e Seltrigfin g Rrtines.
( a) and RiRateBRshob)s thetrahseriptnmtiaf ¢enpanisombd ERPE pEepaedtions., Figure
bes(%? g; rﬁ%zjrs]e&aﬁrtl ?%twﬁﬁéfcapmﬁ?{gngﬂ q%gxs t£h1€ ﬂ%%é’s%tsﬁ‘lg %&éssmn
25whipgherae AHRBE relptedizreesdy gﬂbﬁero\fedrfamr@épwt epithelum (hES-
. _( Flzwﬂ)ehﬂs\);eu faned &:Ehmﬂff@:eﬂt@te@umSnRPE T ARPE- fBand D407, and

g O I R HTCETIE
El GnoenRBE ﬁegnﬁce)nm}bglemmc@m% melage dioshnthesis, vzsgon retinol-
ri b, s AR CR0E W b g ARRE P O e 4
30Fi gure 4F, 20 Figure 4G . Figure 5A-B show phot ographs

of RPE dif f epgitA @i DESTRIYEr H
enbryo-derive I@NUF'?H‘EfIN%r_m

ed cells. bypassing,the stage o
deri vat | YAI4p epBodigianty qfﬁ mve’%ioélbﬁr"ed@@h?ﬂ/\gl defadl and may be
t r dnsledriilpdstated byaheparides BxahplBREAD1&ddh #d @Rerption herein and

Fi %Irroughouf the claims that follow, the meaning of “a,” “an,” and “the” includes

35  plural reference unless the context clearly dictates otherw1su Also, as used in the

description herein, the meaning of “in” includes “in” and “on” unless the context
clearly dictates otherwise.
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6A-F - Based on the Ontol ogi cal annotation, this table
represents the expression 25 patterns of RPE rel ated

genes for hES cell-derived retinal pignent epithelium

(hES- RPE), hES cell derived transdifferentiated
(hES-RPE-TD), ARPE-19 and D407, and freshly isolated

human RPABe(téresRBE] in thisppeefiG@ion genetaiy hadatheirmirdinmy meanings

r e‘iﬁ% eﬂ‘B %ggteﬁpgﬁhé h'fvaﬂt%no !3.19(9111%8 é%h?@c @osnteyit where each
mel ani n DBi os

esls, vision, ret

i n te@ ilusep %rﬁﬁyn EmmRtEat BT used fo dEEbe e mllngrwq_cmussed
tDrE]&E@RivPBIr t@élex%rm&ﬂewgalgéﬁmnv@rdﬂrwale ﬁdﬂiﬁghzﬂ%ﬂ{cﬁn&f to the
e I nventl.o r Cri pe I.N
5t o rHROR 1 Qe HBIE B CPRBo A0 4 L o Gae imgntigg g how to
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di fafe et tRni tBeaSy, @8 @Aespr@@l@ﬁl mePaugg &g} Q&Foln' ééh%fe oVBYChin® with

and growt h factor pr.oduced d

dePPa% RAseh fechasoge 1 nevr‘rﬂéff%@@tloafdeawtﬂ@rcef iESreells,
35 of retaBpigmiehisepithtliurRRikelcekeartiathé eliapiity arﬂfsﬁlp%i@{f F such

g?gLffetr ntl%.% Blﬁlg Wansaflﬂf]? teﬁfeé ana nfgxiafr:tg\%np\é:tl [ 1a{mupp1y of RPE cells for

tr@ﬁsmlﬁﬁlﬁ%mntl ation. RPE plays an inportant role in
phot or ecept or mai nt enance, and vari ous RPE
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mal functions in vivo are associated wth a nunber of
vision-altering ailnents, such as RPE detachnent,

di spl asia, athrophy, retinopathy, retinitis

pi gnent osa, macul ar dystrophy or degeneration,

i ncludi ng age-rel ated macul ar degenerati on, which can
20 result in photoreceptor mﬁd bl i ndness.
Because of its wound healing abilities, RPE has been
extensively studied in applicatign_to transpl ant ation
therapy. |t has been shomqul‘f"gﬂ?/éral ani mal nodel s

and SpoAiwreans dmmazﬁoﬁtnto plmnen?é)ﬂ%zthelﬁil @Bganﬂbno By, cultures
erne

2002, B
52 001 r 'ew\iﬂgr{ Bel?c%%%s af allcé\lvec[ & ORYEK: OWf?é]tNJEgEn the absence of
tr &Mgpﬁ“ Ghead Pbﬁmlaage,ath@ofmmpmtﬁmﬂttmlalhlayér ofl @illon Aout 6 weeks

Eg%te{ ﬁﬁﬂkqglanﬁe&ed%ﬁg V\;/gﬁ@?%ﬁﬁfn tHE dsYe?s @1%@ #ugsr edazk cells

E trans | ant ati on ropose even'r
phRELCaSHY é?qnﬁvlélaﬂwmak%d &ye @ldd@@<®ﬂ$§e freakles’ igaglete of cells as

dopasii e Fﬁgh@y AHibIckr Bﬁigﬁﬁﬁ@tx&@&e&é BRhA® peﬁzf as ti Dhtly é)acked

107 o P EDRRSHLS S AL tte o e £ oL cpitlogf aralss o brovn
gr afigment &) thetoytplashi @ierlid)gThdre a@rcbﬁ’éx@ﬁﬁes(iﬁ tHelinSount of pigment
ap 9% ?%Q:téllé Iw lcleﬂg Qcéﬂtﬁi‘ﬁ% ?Pfhe 1§aﬁjdss%awno d%%fto;&géent and

problem1's the re ance on t1ssue,  as
hasﬂleeré%Tyh“F é@ges[ﬁh%ﬁeﬁﬁeﬂagllvéfﬁotentl al. As a source

of | MUNGhGORERAEAIR! Brrh bSBHRT b&ﬁé%ﬁﬁ §%ﬂ3&e@?ﬁmﬁh1sc%11s
for trans@éﬂﬁrfg?lg&r%hera# g gﬁo em of | mmune
15, ¢j3BREAF Jhd °g R fEsho-8 g {BhnQy e time more and
L e clore BBy \evdlbe p@mtnttbdf detis,emtlibaty Iﬁﬁntﬁgﬁ%atf}i dvégy BB had a

u epi.t.he

corranid it R f 14 T RERRlser B iy b o Hemented

d| fréegomanfiERs wes mwniamyth@f dfeadharenttutluaest (figd D).
potential supply of RPE cells for transplantation. 15
EXAMPLES Exanple 1 Spontangous differentiation into
pi gnented epithelial cells FXamB2terra cultures 5
When hES cel | mlzdmmemdammldfgwnw NRERTIQWIION VEF

|70 SRS B ol By T8 B b o
d arcklt‘ﬂrgii momeEﬁe Pignenbyserolygoinghé abls twreee dhgesged with enzymes

l{%ﬁﬁ' aﬁ@bﬂ&alla EH%@(?W rl&s‘gg%cp,iand%@cqu n?( th%gee@gmented

€ nak e e an
75p| at %ndéfweé%ﬁl%chag 5 Wbl Biags cepillany. mt@mh care was taken to

rra@itjkfdrﬂ:}apﬂgﬁﬁnteﬁﬂﬁﬂs itisd @iﬁiﬁatl@ﬁ RE Bolad&d ée'llg MvaYiaP9ckRBined some

of "B S0t Reo iR oG e3fn RE R Tohie2 RS, e el

cywwasmd@ﬁdgobtp@mafﬁaﬂmw@om fferences in the

2%@5}1&%%1%93@};&?&&15% ﬁé@eﬂ%& g%lgg&laf {:elf]s as WGNI as some
0 angmglesaented celis & fise gddlayhin ¢ué@sq, nownggnmte@en)s that seemed to

W‘*hﬂvehlgé‘t ébﬁhél%alfnﬁtf &H@f ORtter Qﬂddeﬁ§ v&&tﬁ%elh?b&igéﬂp%gred at the
epithelial .cells f%p %r |n bout 1-2%of EBs 'I'n
t h@ERPaLY OFSOmeSIaRds ({14} i35 MUmOER! SuFhracRfcrsl 4pHs increased
noloeerEBse d&ggﬂsﬁﬂo thagfhﬁﬁﬁ @lls Wéfé prolifenglindy artl AR LRGecks most cells
negl h‘x\é n%w%; %rrned monoﬁyer contained very little or no pigment. After continued
35  culture, for another 2-3 weeks, pigmented epithelial cells began to reappear, visibly
indistinguishable from those in the original cultures (fig 2).
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35

pi gmented epithelial region (fig 1D). Morphol ogy of
the cells in the pignented regions of EBs was very
simlar to that of adherent cultures (fig 1D). 20
Exanple 2 Isolation and culture of pignented epithelia
cells The inventors isol ated plqnented epithelia
cells fromboth adherent hEX cultures and from

EBs. Pignmented pol ygomakectioh Ioﬁkm‘rnezrﬁdargest ed with
enzyne tr n, .and/ or col e
oo oo BT deprezplin bR R reliftefhysan cells as RPE
i Sk amedd onaheir sielikeity R BE pilolredpraiibhsip dgdcaibsd; principally, their
I t.h t I

AU ISR S Dt
l mlamsatbﬁ gpitilinh¢alle dn Bwnen g o TPinghent islg pengnded githelum and

f’eﬁ'étﬁﬂ) Wgt%k bt B 1&%%{1*@ s&freﬂe%’f@rﬂéd’ﬂ T&rep}mahg @Mﬁm&md

re consi dere ry cult

P oRBles 0B FOBIOBCHE P SIS Rt Bo e helanocytes
pq:t ?/sgalgtaﬁots\ebﬂtﬁy gt RPE lcelasheneer3thosinngllesepind regie their
cells n culture, non e
¢ FpiEmen i i Bt ol Wher B 2R SRl oo Ok anc
( fDzikk 994N dnd éle mgmenthd tellsdichpymidh a)siraprenansdr, &b tq; test the
pq{%ﬂ%&% s tﬁ?ﬁoi.@? Ak ANdas Mag%e@PE Tlﬂ:?/ WG eRwi 1bod1es

periphe I ncr eased ver suggestlng
t H@é@omun@kwg fer T hepeondin Ard CE@&%& Feguro4 wedpangl) §1@0WS
C&hbSbrdn8 16&ﬁz£tﬁ>\Mo\be§tf r&hmyp g@:}a ibBCar¥ €uhd in

TR <8 B B gﬁgﬁmgﬁélﬁa figpabdbise olpadi e

r el;@melay of Stb.@iﬂgl oprrelanddi with piguienhedyressfonaml t‘highmess? dffvelonies
of F(&egl'” E%IQ(ID?HQ Altand & Ef%acfgﬂ% Grets la%} 65d #n%?%ﬁosely

RPE m nary arac erization o
d|mmﬁémqvmdéqwmmnese@m%ba@mnm s based on their

;'r Imn lC Iaggf) ?ﬁn{}fétr %ﬁa&%ﬂr@sﬁrﬁbwp]% ghNs, gll@aﬂ?sﬁé R@éperformed on the
pp@@é%%swarpy OFSAP &%Eﬁlﬁ%ﬁe{gél‘% Sert BBt E B fight panc)

pi gmttﬁdbﬁmsldceiesmndﬁg tb estrophiny®8 kibo@y,.CRALBRA36 RDdb) in
i i gne epi i

| AT A e G et Ao 868 piRly b e Pitls hBequent

anplassegbbl est one nor phol ogy are not shared by ot her

pi gment oﬁl% kSowiEPRE n@f{é}nRPEIS?Swas fb&nd i ted ﬁPE like cells by
RPE cel l.'s have been own to | ose and

not ewor t at
r ekpal Hmer%TwP CRo(Fagu i St R el oh AH08Y); %F mor phol ogy when
grown i RPEDHELISE dséhieshod8@the fopstacaoft PEDR malcell 1896} of all

Sobe el REERA iy Bt R er 13 Wit ey 10

magnabshd¥Al), t hey were stai ned with anti bod| es

Kk B
OSMITR 53 P gl e, VR o
best r opHigwrg Ayheyrrdocrizpim ¢idAX o Paxh mitl githiybplin hefa I in
Pi SUYBRY PHassRich Rl bR cultitcaRd 5ESNefls-adrivea RN e gRflifgating

oy e RS WSk L ot el e

co ﬂﬂiif@ﬁting cdl]?.es e, dexrly evkryecetlshpivgdreetpeebened afivditfyPex®

c et.lb%li\ﬁ%re 2 Mi%%%stﬁln&omo%5.%§{glvyas found only a small subset of cells
which appeared mitf-negative, while there was a strong degree of co-localization of
Pax6/mitf, mitf/tubulin beta II1, and Pax6/tubulin beta III. In 21 days old quiescent
cultures after pigmented epithelial islands were reestablished, groups of PAX-6 and
mitf were found mostly in non-pigmented cells of non-epithelial morphology
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packed showed | ower expression of both proteins. To
further characterize presunmably RPE cells, analysis

was perfornmed on the 20 expression of bestrophin,
CRALBP by Western blotting. Figure 4 (right panel)

shows the bands, corresponding to bestrophin, 68 kD
(apetwemapmenss apihelisy ilands (Bignrd 4, ¢aCasandApbulireatell had a

pr Qifnﬁlaﬁlgatw@rﬁ & f fiREMtbA érkn&fsﬂo@ﬁ) PRYEv S WS %refﬁb%ulahons of mitf-

subsequ passages. t her ‘’known PRE marker
naBOTBYMENd RO ZRPE 9ol lrdogaird glogRfo thespgrankrery ?ﬁ@gmemea islands
RT‘(fE’(Qa‘?e @F Baxb whd hd Dﬁl@ah a o §r@m subts&Q)fEE.EFne@bil&%ells
E‘%wr SREOF elther gﬁe e s Ver. et taé the
Ut ares’™ &n WEFW%T‘ éﬁ%ﬁ% a
baneillsocff “ammmreXplgmeete;i epBhilinl 15(1amits Bbwewe),. thBetreakersin oflls that
Ic__)hﬁ; %d%@m@%@f@:@ﬂuré%ﬁ Sk s1tﬁé qge{lﬂfep Fo%k%@ e%ltheli Fl but had

tures, 30 Figure 4 ocal I zati
PAXO ®1gnment 2T ingertain siigde pigaanied asds awpy frompigmesied epihelial
pasgaged and ol d cultures of hES cells-derived RPE. In
proliferating cultures (day 3 after trypsinization,
100t shown) where RPE-1i ke norphol ogy of the
pr oliferating cells is | ostExmapldd every cell showed

ne:Ct'}{) ac?eerrz]%ca zoﬁ%%. Efl{:lge c 6derzvf632;%h% .f) lPlznes Ifﬂraand /EJ)CTfI -1 from
of @ebtIsESeelistanddedippanral RF-tike mélgﬁtww@mtm hES ¢diidines HI and
was a strong degree of co- Iocqinzatl on of Pax6/mtf,
mtf/tubulin _beta ]I and Pax6/tubulin beta I1l1. In

1521 days 4% 8PHuikesel Hpe IS rPaTfeds tegied dor frregmgAnggecovery, and
e p ichiigtteAted WirdtHs folRfitng meaioab bhEhSlbculdf flafcerobf A clls:

Seegmpmﬁ@ﬁ@#%ﬂvg% i P B RS e, PR by
e piBIAgAiaall Wedtern bt FHdRERS Sy RTP)CR. aflek ¢allsare mydoetdan BICID
ha%c@mﬁgﬁglﬁ&mﬁa{&m Sfcydost 5&11? P13 hegnt&m& e$004B) -

wever re were | at’ions 0 positive and

20 pa e ARG K@@forfs@ma %fc%?l:eévke celkevilide drac ye Gimay lagpratory
- pi mrﬁoﬁﬁnérﬁiaﬁﬁﬁ& Chhraetafigatibn o) fun&&)ﬁal pRpeiities SORPE-like

onl ver -ne atlve ells .
céB da stu iﬁfs‘t{{%ﬁlrrgr}sggagﬁilgn &o{n 8F %lﬁzé? § émt as 05therw1$e
pr cdtemnhsdm&nemhcatm@mﬂ@tsommghhosect@ihh&um ktiovant torthbse skilled
p| tagpl epithelial islands. However, these markers
I's_ that only had sone RPE features were often '
25v. S| bI e, Geneexpesstip Profilisg 64P SR 4Pnguting 44ymegix human

PRBHhe Afrayd) Gadeles ?ﬂéssﬁd)r?ﬂ' @bx@a@éﬂaﬂm ﬁﬁé b@ls&i&ﬂ)('eé oM ES
| Sl a

TE L b Rt Sepflen i R s P PRira Tty e wed o

c elvienlfy the &ffietireenessAf GF tdantplintedRPEYyliie-cblIESncleding batmbt limited
[ 1B e SRR R [TCC Cell ime s
30expanded, tested for freezing and recovery, and
Example 5
Optimization of the differentiation culture system ensuring high yields
of RPE-like cells.
- ES cells are cultured on feeder cells or as embryoid bodies (EB) in the
35  presence of bFGF, insulin, TGF-beta, IBMX, bmp-2, bmp-4 or their combinations,
including stepwise addition. Alternatively, ES cells are grown on various
extracellular matrix-coated plates (laminin, fibronectin, collagen I, collagen IV,
Matrigel, etc.) in evaluating the role of ECM in RPE formation. Expressio;a of
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characterized using the follow ng nethods and

nmol ecul ar markers of RPE cells: bestrophin and CRALBP
by Western bl ot and i munof| uorescence, PEDF by ELI SA
and Western bl ot, and REP65 by RT-PCR The cells are

injected in SCI D mice with undi fferenti ated hES
Cy moleputas maskesg obeayR T Progen e lipgp e 2@, mith) and o RPE cells

tu @RAQQP' Eéstr)SphlﬁaPEBF)’]QEP@)Qfe ERudté ke \ﬁéﬁbhéitlﬁﬂe hdter@8ls by

done_hy a or on a

i Fithe R RO FErb sl T above

RPE:ceInu&ﬁe:d a(geﬂltls sn@ sidpwisapreesdwt tha praduteansipharhtmiRIE-like

are t t C

N e

k n pmem@rs thBE@hd lothed €y #sstge Sphtas Ifktst@cmtoeﬁp n@ggh rgtina

PT Qfiidnl 8 b€ wﬁt&m furRELchdPRGrigsd e Ak Mﬁ‘?e%ﬂt?éﬁ&‘ﬁ*?ﬁ@ntxal and

genone arra (Gene expression is conpared in RPE

celpesl igdjap WHQWﬁ@@@SceIIs and in retinal sanples

from autopsi es. Several animal nodels can be used to

verify the effectiveness of t?@ &ﬁngplanted RPE- | i ke

cells, including but not |im Clop rhesus nonkey,

rat, and r atihir tvatiah ofRBBphe otheOpd Husaapraganivdrs ifitver existing

differentiation culture, g high yields

of RPE-like cells. ES ce ¥§&gggq%§q%ﬁ$ed on feeder

cel | s oUsing thadpipdiam Bsdicas euEesiqnproAbng sxpressemelthg RPE

bFog ehi?&*%hérﬁers% HeQbaelaleBMith @%x&es@@oﬂh@ KudfA¥@ipkoteins in

sCoR R L niopSermbiratar of GGSHBHepRRf BEE progenitor cels. I

exstacmhbikeisare foaht) antibodieetd gutfatepro(diandanibe, used to isolate a pure

T In%:gg%\?&gé r%{lgﬁﬁro%%ert]orls %ﬁ%ﬁ%ﬁbﬁ@ c{ %ugt%lex‘ diﬁ%r%h)iated n
Exprisgsioo nsedfm pensmtrdatidrestudiesrik @tlgwioheip érffGyBIWEOH after grafting.

pr ogeni tpfi3 dafd aﬁ@m tﬁ@%%e efpredsio fiohg B rﬁﬁérﬂtﬁs msufﬁment to
CRALBP

o REP6 ar.e I
20 arsadiis e AL PRESTRE Bepglon BEpDRioAg: B B 2ty srapd RPE-

an dlkdeélw Wil tsmeeemfmlth GBPhhdatthoamtol of b @aﬁ)ﬂ‘«bmoter and
e bANE s RICAIS AN ST ERYAEPL QIR Ard A, BAUE SPating BS

cel prrog Jeni
Th wsllaqzxpprohﬁ:ratmgmd@dlﬁ@ren@ataz@ &PE eelisr GHB&’@X@@W@Me cells will be

Pr ogsnLd 6y §ael ﬁa'-:us@@% ﬁfﬁ%ﬁe@é’&r@é ﬁ)? Hihse ﬁij'é‘dﬁoﬁ% ralse

phot orecept or_or, neur reti na

S
25andngueelonalrangifadist todhe SECe §i0 %%&Srof é‘aﬁ? EP%HY %@ﬁg%ecause Pax6
pot@ﬁiehcaﬂt néishly USREE ipfodehiasts i foahinigivaill tetdedle @y FAQS) using

or coRTPeerr g Aeeaeiup e PRRTE G et o posicve

UsiRRE téils, dagainbroiti-posti GehiRE exllsr E@sb)camdpb 8PE detigyill be
ex Q‘fag 85‘\&9!51 (%ﬁﬁﬁ?egmeoéo%%ﬁﬂ% ;ﬁ(ﬁ%‘l% w ﬂelcatl?x% control, RPE

corr e ed Wt expression ace pr ot el ns
30j n orES cells negative by these antigens will be used. After expansion of positive

10

clones selected by all three strategies, antibodies will be tested against all types of
cells used in screening and further analyzed: since this strategy can produce
antibodies that recognize cell surface antigens specific and non-specific for RPE
progenitors, the cells from differentiating total population of ES cells or of RPE cells
35  selected with these antibodies will be assessed for molecular markers of RPE
progenitors and for their ability to produce RPE.
Using the optimized defined stepwise procedures to produce RPE or other

early progenitors of eye tissues and the antibodies to their unique surface markers,
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15 order to find a unique conbi nation of surface

mar kers for RPE progenitor cells. If such nmarkers are
found, antibodies to surface proteins can be used to
isolate a pure population of RPE progenitors that can
be then cultured and further differentiated in

culsuely Rrogpnitosewili be isplatredrom Afereriatad et eddlstapd gpitegd in vitro.
t hqrhelrdbﬂﬁ;,efoemﬂeﬁhn@t@ igtb tvafio® tedstiésng.thd Eyel gl wWhahdestig@Y using
glaﬁgeﬁag S|don O)fl ling experinments is
Fragied DA<l ate the RPE progenitors the
foI | ow ri[gueep]a&é oald:hnw thit deadispddude8 RIS -like eelly (RBEACT J-1,

l i @n ]?PE\AI% gﬁs \tv[lf"tp &s%&ttoe dl\MnhQ Cﬁg‘l\}é% 1%@?6115 and their

grono e trans
WI Iplrogwt@rélaed@@@be Hofvires Lund fé;raedﬁl andgAé hBE tceld lines wﬂl be used

di i Efoﬁﬁ&é v ROEEe &8ss HapkR irfs%aén'dréﬁaractenzatmn for

ded| er ent ate 6- t| ve cells
Sm jopolgrul ar.r%% ofF @gkﬁ gﬁéﬁ%m ?8 n&iﬁ ths resulting lines
Souwill %efcﬁﬁraﬁeﬂsﬁ dshjee@ite@in MomnaiTkelidss 1’ﬁ‘émm<g| c@ﬂ’t‘e’:ﬂa for RPE cells

0 s B L RGP b B
pr dpeniuneed [VE cnfaeyqsn@omn dohatoé odaytes, fypuRAGSy dasdlom without
Se‘f?‘rglﬂkab?fn &iage?t%& é ﬂ%%ggcf}}%\}/aé&{ %@é"?‘"ﬁ’“‘ IBIQQo%%P s clb'tzﬁﬁed from

m tdPnFed peq VRFiEtb@élpp catipp pf pycl %ﬁaidrae#emﬂéutsévgx%&ﬂ Flike cells
be andl E&RH08 &Y€ BrodehitorSil BE d@zﬁvédfﬁorﬁ ‘ilﬁés@ﬁﬁ@é'\%ﬁ@the approach in

150 °”°t?$@h%@1qrﬁa§§9§ﬁ%¥s§%ﬁ%m Pl 1n A b Optional] now

expamsh @S oefl lines will be deritedie s vieb-diet adstéry, eilatactdrized and
st rayf Igﬂ,;regsf dal?md% es will be tested against all

type s used 'in screening and further _
anal yzed: since this strategy can produce anti bodies
t hat recognl ze cell surface awahﬁ@;Sl?é 7speC| fic and

non-specific for RPE ors ceIIs from

204i f  er enti"4t9A5Y'E B?"‘éim%&%?’ gflt lifrFeUf of ré’@le’l”é"’él‘” Yiriqsgnimal
celI's 35 sel eotdd ofetinitishéprcraosa & oticekr Wegdnehstion.
assesse I
For & hoi p e Fogt oA ARl poRE QR P 8o ity
defvitrrstPray eﬁgpryes p@r&wdraé thecceps @r@a@@smnge@ rnt@ﬂmubretmal
earsbycemf%ﬁlerss ok ﬁ?é’t%teb I@ﬁluesm@m&taﬁ&l &thé BB ehd O

hel r uni que sur enitors
Sui, FRSISEIPR STEEb A0 gH P F'fbé%ﬁ%ﬂf el Esﬁe@f’q Rogigp a monolayer
cu Ittalplﬁ;ﬂ&tatibnv I ’IHchan 'Jiftelber pe&fblrﬂnbd in ihﬁnﬁhdsﬁgfres%d 8db®its using

usiohl e B PR S el B Mo ot SR R of
i nagutmlamhtoeadyclpdlog owlents RFEnDdceREEH SsknjoklRqut AGNse, tubby-
J- ke Tndukd) q{%ée rat ¥k Féléb'&?slﬁ%ll bat Véﬂn!il b%og§§:gné fegeneration “cd”

contlnue t’o rrve s
pr &génptoereswé TSI %ﬁpqﬂﬁl% rEECdl daadea;zly rgtiepl ApgeagERtion “erd

Soﬁﬁdohe Hy i, 12 & Be‘rameebd2t&® Pr @eiseeioBs Whotoreceptor

it kg '@hgrfe g REE AR 0R, Rehition irgseformpd uging

I i rihmrasrddt abglogiaphy, distbloge Gvhetired o het thersus phatgretépr@srestoration

Egs g@?@ﬁ ZFM%Q@E&S@%? &hin ?gg bl piu@fo Flobt mgc*ﬂfdn'lé nes
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oocytes, %lnu lated to develop without fertilization
(parthenote), and from generated devel opi ng
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donat ed oocytes with the application of nucl ear
transfer technology. RPE-like cells and common eye
progenitors will be derived fromthese lines using the
approach in 15 Alm 2, and the resulting lines will be
characterized as in Alm1. [Optional] new human ES
cell lines will be derived in Exampla$-free system

char act eri ggd angreakiio - iratpk Qéllsffi dlﬁ‘h%{lﬂl Ei%bﬂjosderzved cells.
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cdnd Bokedbke Pirevitesd gi a/plarenef- os:tiﬂes doymriafag PBnAL pighet”
d O%agﬁﬂc'aﬂorf ﬁxtcéé"l@ianﬂjse%geﬁr Al an p%l%d pog%gnalrc%ﬂs 2PAEobblestone

dysplasia 1,
15 phB%QS’P@é’@’bttBG’flcal et}%qathsg@la:eﬂwwﬂaa@wnaﬁ@nmt 1R the oyteRewn(Fie.
dogh) B batdifBdehs nemte@rﬂmﬂt uspibgient th Hey @16 8¥ith cells in the

B R

te$¢asth1gA §B). al so be carrl ed out, including 35

phagocy Wﬁérﬁﬂi[ﬁ? QLR £€ 89&(91; &l?é&glﬁgtg? %/hle?l\ﬁlléyaméﬂgﬁ‘tymcally have

mstabollsm ti junction

20 ¢| Bt formed e@b@g@é bg}»dleg@i@x drigmentgd gn,tl'@@plycells appear in about 1-2%

di ltalf e difRtdnbinte0 tRRRnarl IFB S ihana ﬂum \Qé’SRE MOvéteihe/@bre and
ce S.

bl ast t-st aged rrb
© s BB ACEolon PRTIERT o B e oS Brery oy B Pad &
Wi pignmented ¢phthelialiregiom ddonpgelogy b theerym thtipighented regions of
{1 epRGGLORe M fte i ACi LN RLAIER.Q0 extracel | ul ar

X proteln-coated tissue ureware. |nstead of
25cul turing and passaging the cells to produce a human

ESazeblials bhdeerione cel I s are directly differenti ated.
When hE ell cult r ar wed .to qv an_ VE
' the AbEEmedig high dic éai)@]ﬁhf @Pﬂgﬁ%ﬁn&fiwgtﬁl%@v\ﬂv@hurmm L
f ornd 800 himlkPenichitih) m@arg/mf steaptdraycif (N fr@h dadigoddh) and 16% FCS
r t

o) PHELHR S CTECI Py AR LSRRI TRk OVEM, o c

30 skishprdemenied with 200 wmlRresiaille, ﬁ%(ékgmlsélteetomwar, H %sxloaf@d@ntial
of aﬁﬁxlld il éollutmﬂpﬁ’ﬁﬁ’l GYHtMArX the |n%g)%fa xﬁlarlégét%ﬁanol 4 ng/ml

These dark are _easi | ¥ seen wth the n

an @FG@&%@U%% 1%/@& Rpgan L, (Ghespigers Temepdpy @Absgy 4% of Serum
S h w1 dcBm bt qSR Binvito goh HMr'S.4% Plasmanate (Bayer). Derivation medium

contained the same components as growth medium except that it had lower
35 concentration of SR and Plasmanate (4.2% each) and 8.4 % FCS and 2x
concentration of human LIF and bFGF, as compared to growth medium. EB

medium: same as growth medium except bFGF, LIF, and Plasmanate; the SR
concentration was 13%. RPE medium: 50% EB medium and 50% MEF medium.
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30

magni fi cation these islands appear as tightly packed
pol ygonal cells in a cobbl estone 15 nonol ayer, typical
of epithelial cells, with brown pignment in the
cytoplasm (Fig. 5A). There are differences in the
anmount of pignment in the cells with cells in the
central part of the islands having the nost pignent
an@grshesanpear the edges the Ieast (Fig. 5B). Wen

hough CYBeEATR RESAS Y Rofsediby B wirbrabra dit it

( EBﬁodﬁhagnnqude‘apusﬂh edpoztbd paldegurap PRdinson eyl 998: R¥binoff

Of gt BeSeddl {heerilih 8l ol 81 Sidl 8. B8 %ch,{sgspamy [635) o
p| glrevedeeinloebs GineahBSHy agl B ) svenedodajedao ¢heystidy, haproaed by
Pi gp® EHsﬁgltﬁthtrQ@e{v‘%oafde gy Q?uplg@ﬁlﬁg AL &*né}feteﬁ I?]%.‘[L‘[C Feh%l‘&y

in the pignented regi ons’ o BsS was very sim
t h&CaHehdherent cultures. 25 Materials and met hods:

I\/EF mediDifferehiigdndxpedaentPE p&tRRl8 Weit Rderht e 2R s or with

S S s 8D PH M PR B0 e

( Hp@Gtrgrsy on MEF sQanltil ﬂle(BESAMoﬂ)omwlloslﬁthelkn@lctRxmderh highhich time the

gl gﬁl‘ﬂﬁ% %@%%&oﬁ{:}?w ‘\9[{? @gfxg;on (1 u§19 cl)llya€§ b dg?% | l(pla%sn bing).

solTl}ﬁ mdlunzm% @lagiltgaw@r}’ 1-2 days. ]ﬁcmEB formation, hES cells were
betgpdRize@RiPA1 fagdth ’EB4m@91/um on RF qudk{el'éﬁ‘é&fafég 3@8 targ :

1-ng/ M human LI F (Chem con, Tenecul a
Serum Repl acenent (SR, Invitrogen) and 8. 4%
Pl asmanaestt®eninBayer). Derivation nmedium contained the

samsco o) iy ept that..it, had

over SRR, S PRI RAE R OBy 3 1020
eaéﬂ)fordﬁ@{ahgamlor%fﬂ@&caﬂdlazxnnmmcaedfOica:kacbmthflOBmgcm sérifn, 10%
anaoﬂfe%enﬁifﬁa&sﬁ uﬁﬂmheregé&mbﬁaﬂmﬂbﬂég ste%t GrSA B in PRS

di um except

P UExdiogEn O HCERON b SREF Ao e gy iessas gperied out
S50bvdrigireati 40, aecbebdiitnivEmtit dies (acksbn atnm@sldsedrtNESboratories,
TS Chod, 8RS we R ror e 0B BESL AL eS8 iR Ss were
r epepheddvipt 6.4 %duwe@-zorfﬁogm)mnétBS 5. imes9 0B 1 5 Reinbtes edch wash.

5 Sbecn%'ens W&Q%mﬁ%ﬁ{mécftasﬁiesld #ith DA ctorlrjg;gﬁ&atones

frozen ocysts 1 e Cl eave

(I BH@?&%@S{% Axdr w@ UL ugirRae nic S eape (Ealemm) Localization
appf ﬂkﬂﬂldphosﬁh&ﬁasb IW&E b d:lﬂiéﬁby 'V%Mﬂo?ﬂe@ Wéd@@r Iiboratories,
cogﬁreles vvho hgﬁol :uet ed.t ertil | t.r eat ment .

BoCREf ETRIE hERR b tesofbbhtt dnbinefriinosiatning
adbeoeding tEgamehdterevs instmibtionk0Astitwdiasided QxésmhﬁrE@deus

foﬁuﬁg‘lﬁ@ﬂ? rthtQ'anNE@ %tl%?ﬁﬁ%ﬁ&@%% lg? s d éneer 2l us of%%om Dr.

oVer grow on es

t hepa, {irayarsipoeidW pshingtogyficeondannentibadies wara ﬁwm Ja@dm
mmaﬁb@mhmmrﬁ&é@emmépmlmTc%va%%uiﬂéﬁ&daé&ﬁf
PAREARE)

Isolation and passaging of RPE-like cells

Adherent cultures of hES cells or EBs were rinsed with PBS twice and
incubated in 0.25% Trypsin/1 mM EDTA (Invitrogen) at 370C until the monolayer
loosened. Cells from the pigmented regions were scraped off with a glass capillary,
transferred to MEF medium, centrifuged at 200X g, and plated onto gelatin-coated
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The nedi um was changed every 1-2 days. For EB
formation, hES cells were trypsinized and cultured in
EB medi um on | ow adherent plates (Costar). 15

I mmunostainina Cells were fixed with 2%

par af or mal dehyde, perneabilized with 0.1 % NP- 40 for

| opddtesziatRRFhmedivim (Tha csidium avas gharigganstier dwedeld aekee (usually in
Wty aQyé) Mém&fa oraggg%r tﬂ%@ceﬁ%@é@ é]s%%% everéggs y@eks

| munor-eSear c

(1 AV ht(i)%érﬁfyp%?foast?’ml\é@@ AkBVHERgED). | ncubati on wi t h

primary anti bodi es was carried out overnight at 40C,
thggsgconzzarxdﬁ&é lfodi es (Jackson | munoresearch

La x Grove, PA) were added for one
houampBstwaze prephtediin Catamilidndgfes plmz:mfﬁh S1979Y, %upﬁl@‘ﬁbﬁ:t@d with 5%

W' thq%rggp%oc{ﬁ%a\ﬁgﬂ%gl%t%% Mltdr% alli&%ﬁlﬁelégg%gepi‘%r minutes and

I mens V\B
Ve deasis ook §ul 6 @ﬂ@ﬁnt(gﬁé BiorRada Berat ey Cag usia§ a Mini-Protean

Bu rabbﬁ%gmche Q@R‘ W%Féjnﬁlbﬁ 85. %@M%@F é%l; lpg@EgJ? ?&%gé transferred to a 0.2

osc kan) Local i zati
10ph %Bﬂ%& %Igée Fesntaenee(Sehleieber ang Shadls Beeme NED\A 20 gplt overnight,

LatBistatrerd Bﬁeﬂy @&ihédl R PRncabR ddqStdnyH t@ %lshﬁlé%rthéﬂrﬁ% washed

LG oA SRR, Suiben PRSI 0O - ACEOL Ok 5%.1% TRST

be:{BrOeBkd)an(Lmawmandmk tohesabshin | CR ALBSPsT PBIQ) (Cherrucon) were
an%ﬁd%?ﬁo@x@%f?&g%ﬁ %‘&lﬁ& 195‘31[111%{11 %&/a%ef Gil r’gfrg%?tpgaqx&ase-

aart, Universit econ

15 wecampgded g@&en@%ﬁ anmbﬁﬁﬁso’reég é@ie@rfOthgwam thesyasherdwere

St &Qﬁb@ﬁl Bliobs frért @etdfed RUME W%/sféh? %EISQ%%I reagent (Pierce).

nd T RPE- i ke ceIIs
o s P e p B sk S5 RERT BEISH. Foksbemicon)
tvmac@rdmgi to miamefattateeth proto€ol25% Trypsi n/ 1 nM EDTA

(I'nvitrogen) at 370C until the nonol ayer | oosened.
Cells fromthe pignented regions were scraped off with

205 QeaktimeBERCRBry, transferred to MEF medium

cent rif gged RMA 3@9ﬁuﬁﬁe@ﬂ&n%ﬁ&rﬁﬂdﬁﬁﬁr%@@dlﬁﬁ& a/faoﬁ{ Elep

pl
© BB CrpeRAT e Salef oo 1 b bregags (L fepesveyt Forther
5- iﬂudﬁgld;oxaRNeazy taticoltunes (b)) WEhe mags;arM@\ﬁ%mr%tsélwere

V\é?xﬁtﬁ}@gfb@trgalqu{%ﬂ:éﬂfgg{y ; 0%%11”‘1*\4 EE SS Eef% detdtion

25 |aéfypaay op dpemand (4 Bedoib5 64219171 Oﬁppb&ub@ioeymﬁmadmmdanﬁt%t Probe

Ve
(Roche)  har e ParnL StoRRg 1 ARl BenE RS e motpgel

gradi ent gel (Bio-Rad, Hercules, CA) using a

- M DMerBPamdrednt cl@B&&é;ﬁaﬁSm ofﬂﬂﬁz’z%b&‘zdﬁé’d BES le'éll Bhes25- 30 MA

f d
N R Rk BS shLln&ME il Bied st Dot

30 NH)ielaYatl.’@@ of theb¢ hBY &ined ghteportBi elsswhure e Alirliref [have bednREsaged

35

e ERRES b 15 Wkl

vvashéd W téﬁm%gqﬁugﬁ %eﬁn% e gﬂ-ga}ﬂgé@e%hﬂ?‘d grﬁlgfﬁd colony

Wi mr@;@q@ﬂhfggtau@mpe ﬁhq)qphatﬁse(ﬁcm%tyrg@zﬁ express Oct-4, SSEA-3, SSEA-
4, TRA I-60, and TRA I-81 (data not shown). Two lines have normal karyotype

(hES36, hES35), while there were both normal and aneuploid subpopulations in
hES45. Upon spontaneous differentiation both in vitro and in teratomas all lines

expressed the markers of three germ layers — muscle actin, alpha-fetoproteir, and
tubulin beta ITI.
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(Bio-Rad). Primary antibodies to bestrophin, CRALBP or
PEDF (Chem con) were added for 2 hours followed by
three 15-m nute washes with TBST; peroxidase 15

conj ugat ed secondary anti bodi es were added for 1 hour,
and the washes were repeated. Blots were detected

usi ng ECL system with Super - Si¥¥ampledagent (Pierce),

PEDF ELI SA wasy B SRLL o)
ELI SA ki t (men%’%z@%égr di n{j 10 MBRAE BoHpdINGEE b ated

protocol . 20 Real -ti nmecags ted R0 - was purified
fromdi fﬁr&[s@ﬂpﬂo@hbﬁghﬁc@luBéwme@&remkt: %ﬁ@pan important role in

5pr e%a Q%Cvgﬂﬂ% rpﬁ%pne t%ulaﬁ %gges : ﬁr,% o thgseeaa% r(])tther stem

m el demvaty ef (nzegesy chammelthwteioalddﬁe dialaﬁﬁﬁhéd asmsgﬁinpt@nal

\p/)vrelrg?rréorIH}s&gl 2 &qﬂ%%%ﬁg Haﬁécﬁ?tlgﬁggwgg g}Eg ?}{ﬁg{,sc 1’% ZI#VZVO
Hs GOw85maY, fﬁtal REFptolleaviBrloBape koes pxtgns vy acschnched for its
Pr Qﬁﬁs 1itatReR Al €a g8 sth r&@%%)ther?&)%}fa%%tﬁ gretvﬂg.\sly published

facturer S e rato Derivatio
10c;h agvERieL Al %ﬁ‘%ﬁrgaawalp omEEY %fﬁ 2 bymRERPEetell Ieses
Two f emdlhe geneexmé@dn&some lolf ol dees semrae cUﬁmEdretil’ﬂo t&B@man RPE

st o BRes B5H "%‘rangfo ed 8 Wﬁq Pdenrdk\rla}%ts Onﬁls gé%é)éwa et. al., 2003)

ines are re
p ass é@femllnmwhetmh bRS-RPR liave sirgilarighep ahvbramderipiione! prodifes. To

MR Bd Rl R R oAt R &aabhiad g&ee&g&xsedmﬂ%ehso%u B Blbticly
al I cal i ne phosphat ase actT

ISSSEAaléables%%xm X datgnsels gem uaﬁafermaledéﬁs(@élﬁél{héme h1-hES, --
Sh@lﬂﬁ)vt aly003) réﬁé bfmmansyitﬁahamenyem Hﬁ’ngﬁtrblt:—§362004) as a control

g%ﬂ)& \NPI|e th ere re bot %ﬁg and aneug
BUHU S %’Hém‘?‘he% SHeHtesdude Common
d| fhbesckadping anﬂ’]eﬁ)‘(hbhallgﬂnaslahd@dmmdy RBEt@eaﬁergBﬁesal I

lines exprd %égguﬁﬁﬁtg?&lﬁﬁﬁﬁfe%nceweg\% %elgé% EE_ES-RPE -TD,

nmuscl e actln t oprote
20| | ARBE 1804051 eT}EP %Jeéalbtfesweaﬁétrkhepderg@w@i@teééyta@alyzmg the

i d%ﬂ&luélye fTiﬁéreaJuoﬁ lb{aff“%ﬁ EHO'S@B%?SES p@é%leﬁtgn WiEkier AR -6 but not in
ansc om.C - eriva IVGS
1 B 41926 EBRE) i BheRger pnbre oot We CSmeHe: ik Grigs grolusive
r egﬁtmecatom\nef gaech mreseet in@BLES RHE; dutsa SSRPBNAD (D86 gdnesewhich

tan q%s%tg ﬁ{ a ﬁ{z? 2 sﬁ(efo %@Qlﬂyu sglltn!rl]l\éﬁé'u %%ﬁolgglli %ncg g%gr}%egégwhen

oacC

25\ et EiBEh AT AWSEE | HEDSHAD IppediTh epeoificiegeRhias RPEGS,
Ibt ssegﬂao;%amy ' CRADBP! BEDR! Whick fst@bmﬁipcﬁ 1663-dedm WEH g&% DANfigure
ee Xt.ensji ve reseal C ans atl on
I IRCRRIC L A R B G,
pr @wisgntkksis, pzwdmd)m sttan!-bihd{gpgalyiin éeteltRPEb.nd ESWI8) but not

trgﬁﬁ%i tom cs data on human RPE cell |ines. The gene
expression profile of our data set was conpared to two

30human RREmMpagkén of S RPEoARPEalPsdndrIDdNT tamREr ihviwmcounterpart,
tr gRsi r V\ﬁpﬂ%ﬁm Eggﬁgggﬁﬁ@%) Ghas i s in %gggﬂia%ée%uh our previous

det er
tr élﬁ@cqlqrmqsg‘ﬁgmg gxlabﬁlp framscrigfgonal 1dent1ty of hES-RPE to human feRPE is

significantly greater than D407 to fe RPE (2.3 fold difference- 849 genes/373 genes)
and ARPE-16 to feRPE (1.6 fold difference — 588 genes/364 genes (Figure 5¢/5d).
35  The RPE specific markers identified above, which were only present in hES-RPE
and not in ARPE-19 or D407 were also present in feRPE, demonstrating a higher
similarity of hES-RPE to its in vivo counterpart than of the cultured RPE lines.
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account for common housekeepi ng genes expressed in all
cells, we used publicly 15 avail able Affynetri x data

sets fromundifferentiated hES cells (HL |ine, hl-hES,

-- sato et. al., 2003) and bronchial epithelial cells
(BE, Wight et. al., 2004) as a control based on its
conmon e%ivlenélllln@ed@nd@lght! fautr groes riesght oW BSeRBX oderd @bsent in
CONRRPE NQUTEHEEP iRE s8RJ SERlcttheldtdliod %P@&erﬁtﬂ&s*’ gg{gg lb¥ia

RPE- specific genes, There were simlaritie

di fH%?%ﬁEégalﬁéﬁmeéfﬁnﬁﬁWéE%@vwmo méﬂ(gnAmFtEralcgnas if
D4Q7ansﬂ'l|aﬁteﬁ lixft lpafidritd, & oredted b Uéﬁd@ﬂatld@gﬁeﬁt‘i?ﬂ aEt%Qm@é’s genes data

5ana ZI n ﬁ ex Jé ve intersecti
gen BT o7 e R PRSIy aﬁgpts ey@Eet( 3lo304 Sato
ger%l@)%) "Jﬂms agsoberhin o lot olﬁ aﬁw@gmm dreseowe ic alinpakied sefi(fch@ling

sent _in.
b LR R Beeb B e B 2 PR Reagql n the nES-RPE
r es‘iﬂt& o buhngg fPRBE‘ARR'E‘éP)W@' oremgoaie e 3§Dﬁpb@nt1alyst¢mness genes.
hESfiRforandte ARPEASyiiendR LABRREERds be14BEox2. TDG L
D407/ ARPE19 appear to | ose RPE specific genes suc
1ORPE65 Bestrophi n, CRALBP, PEDF, which is typical of
| ong-term passaged cells (fig@Esmpg 10Further data

i ni | ed | P i fi I h
melanin bt osynthEd RPE el B S b Gions Dy
i n fetalhREPEcaarhs s RPE dtamatdte soRPEDcells30r @)hl]hﬂﬂ‘ab& of
of PrEghiRE Di%gﬂg‘b%ga@@ %e?%ggref H@A Stﬂd\éE ‘ﬁgﬁe showed that such

COUﬂhEr part res ate uman feta

15( + erPesttachedto gp %@n%?@an@@mw el ;Equémsway trgmspianted in
dermagprinkdigart iih@hkdyb Qndl hasuweéd mthtqa fod@nbhts Y1 olfso thousand

hES- PE to h PE. IS i ca reater an
ol Bertirefiieitin S gy it b e Xéogélwﬁg?@ received
ged@E ingrasiTi ARPEafPlants WERRE adierSe Efftats. dDAid ef thaeeany advantages
58 /
pag Aas oTRYS HEM SIS G0 Shourpnafi il Hidmagp of donor cye
20pr disswR 1t lspyfasiligses thege AbgeneihomIE- 19 or D407 were
al Sxhpr BaBsdimentsf eRPE, denonstrating a hi gher
2:: mt Ih:r ?ﬁ%@&{x%gorws R%qu%?ggf)ttlosrélhtnm\ﬁl bve%pggrgrrlltttﬁzrltpv%rntatlgrysaa%d
Sevmeodificatne thagibd neidg o thefioventige desripe@kasin tondbptSt BRRErious
werg.ARsSeat IH‘?ﬁm{seRPE and ARPE- 19 data sets. Since the
retention of Fsternness” genes could potentially
Scause transfornation of hES derivatives into nalignant
teratomas if transplanted into patients, we created a
conservative potential "sternness" genes data 5 using
currently available Affymetrix mcroarray data sets
Abeyta et. al. 2004 Sato 2003). This resulted in a
list of 3806 genes present in all 12 data sets
(i ncluding comon housekeepi ng genes). | Only 36 of
the 784 genes present in the hES-RPE dats et but not
f eRPE- ARPE- 19 were common to the 3806 potenti al
sternness genes. None of these were known sternness
genes such as Cct4, Sox2, TDGFl. 10 Exanple 10 Use of
RPE cells for treatnent of Parkinson 's Disease.
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hRPE can be used as an alternative source of cells for

cell therapy of Parkinson's Di sease because they

secrete L-DOPA. Studies have showed that such 15 cells
attached to gelatin-coated microcarriers can be
successfully transplanted in hem parki nsoni an nonkeys
andVBrdat®éd not abl e i nprovenents (10-50) thousand

cells per target), and in FDA-approved trial started

in 2000 the patients received hRPE intrastriati al

transpl dnts vt PIFORAG fdireiag oepreuentiang revel dpeemertigargpmprising
ad\mabﬁ@ esll sdlcﬁ:tddﬂﬁomsﬁe gfoup ESngilng-ofer ievathnBRE REE tcaﬁt RPE-

aI d cefcg ? %}bl‘? holgc%% orgféiﬁ)g\%? ﬁan%\% z{x.pZe?m ryomc stem

EntseHs. rrents From t he foregoing descrl ption, it wll be
apparent that variations and nodifications may be

made to the invention described herein to adopt it to '
vari ous 2 usadgés mgtaodehelpint bnghergis thscangit@mmiivetinal dageneration

fTEtlE‘ Qéied't’éd fré@dhd %up CoRi @M@HlaNEa kiRt Bal reﬁ'ﬁﬂ? ?fg%‘(getnit&g and

fH use of a cell Selected fromthe g
et gge&FT 1| east one of. RPE cells, RPE- 5 like
ceI I s RPE or RPE-1ike progenitors deri ved from

| 2. Th t ho
ol m 1 wher ey el et P ke pmbrRiat HrgaagriRn Ghine cel
i s byaliizestendy Suraenytinte the oupetimhspastiofitheafyeat | east one

of. retinitis pigmentosa and 10 macul ar degenerati on.

3. The net hod, of aim 1, further conprising
15t r anspl 4nt at | ﬁ%%f%@m 3, Wieréin threealls gie Sansglanied in a

I ntsasgehsios ubatak] diabgpace of the eye. 15 4. The net hod

of claim3, wherein the cells are transplanted in a
suspension, matrix, or substrate. 5. The nethod of

cl ai m 2,5. wherlbemedthed ofstlaim 2,ivehepein thentetisigis ipfgmentosa is associated

assAt At £matthbdeian ani mal nodel . 20 6. The nethod of
claimb, where in the aninmal nodel is selected from

the group consisting of: rd nouse, RPE-65 knockout
nmouse, tsubby ”ﬂhle Kﬁbtmﬁladﬁ@ wHedd in tAD¥Sisdal hRdeidkelected from

enera d" sive rod
ool PHE Pl o B o g8 SO Tk o bihy diseampuse, RCS
"anrg! Abg@;mmn@ai,mne ddgeptatisn dcd’, ddp, ﬁ:rdgréssied kod-2emerdegdeéneration
andyfQddog 4085 reBPEOEEARLE erY 8 3
Bri g ’gg re gﬂ eg f#] erg Eg% ?’3(# @o %91% 1, 2 %9 redl,
25 whésd fw trﬁ@? dlsplgémh@tczwcemm db’ﬁé@%fp d rdogh@ld Bt RPE-65" dog.
nodel is eval uated u3|ng one or nore of behaviora
tests, fluor cent Qgr hi st ol ogy, an
functi oral t 1%}81 %W%@F@Wftﬁ {herapy in the
t hanimal model is evaluated using one or more of behavioral tests, fluorescent
angiography, histology, and functional testing such as measuring the ability of the
30  cells to perform phagocytosis (photoreceptor fragments), vitamin A metabolism,
tight junctions conductivity, or evaluation using electron microscopy.

8. A method for the spontaneous differentiation of hES cells into cells
RPE, RPE-like, or RPE progenitor cells, said method comprising:
35 a) allowing hES cell cultures to overgrow on MEF;
b) allowing the hES cell cultures to form a thick multilayer of cells;
c) culturing the hES cells;
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30 cells to perform phagocytosis (photoreceptor

fragnments), vitamn A netabolism tight junctions
conductivity, or evaluation using electron m croscopy.

8. A nethod for the spontaneous differentiation of hES
cells into cells RPE, RPE-like, or RPE progenitor

cell's, said nbtisudaticmemdrciubureg! tBSpigneated RHE) R PES ehd/or RPE

ot ur b EnPLAL AR TV B ARYAY 1o NES cel

cul ture rma ayer o cells; C)
culturing the hES ceIIs 26 d) |soI ation and cul ture

of the pi gnentipdhW&REd oﬁﬁﬁrﬁ 8 k@hex@ﬁQﬁQfsoBPgn aﬁ)c[ Qﬂﬁﬁ‘é BPﬁle RPE-

cells fromthe resultant cell cultures. 9.
Sof lkesp @IRHEFei n t he i sol at| on and culture of the

RPE— 5 like Qﬂhﬁ@s@@ﬂhéicﬁla&edaESCUenﬁﬁxtEB% witearc etz theed
hES cell s or | ectively

i sol ating the 6?%%"# eﬁ&88?$§¥ pd?nﬁﬁ?t)ﬁgfz 't he isol at ed

cel I's on gel ab piating theinvlaied cklds ol g@atimyslatminif dom -2 days to form

primary 10 d) continued culture of the
prlrrarypg&:&g Q 9) period of up to 3 weeks; and,

10¢) i sol ation ddeFtFiélerPE]IWI% thesmimary polturetfer aperiasbfop to 3
cl ai m 9,wesRReraadi n the enzyne is selected fromthe 15

group consi st o trypsin,

col | agenase, gﬁ%zgogﬁ§§5&ﬁ¥g?<?ﬁ &lsret hod of claim 8,

wherein the RPE cells are grown to establ i sh a new

RPE cel I;5l i n claim 11,

the RPE el | hleﬁlget}]‘gd %E#i er e’n?ﬁ) ik i CREBIESE lf’ﬁtﬁii gmm the
15] | reseupecpnsishing pém@gortm@apﬁ’e'mpsm,fcoﬂlhgerﬁmau@ﬂispzhsene in

culture with bFG- or FG-. 13. The nethod of cl ai m11
wherein the new RP ell lines varies from 25 th
al r eady ldst abifiedRgae ‘%Fﬁ:‘“l‘?:@ﬁs Whegein the;RBE cplépage “&Y@l@fCStathh
t ha rehaRBE tell iigé.i cs sel ected. fromthe group
consisting of. growh rate, expression of pignent,
de-differentiation in culture, and re-differentiation

20i n cul t URe, Ofherrehod fieclaial 11s whteesin thrediPRce] ey isvléfferentiated

f r qaeoqhéﬁﬁfeqmeaEé daﬁiﬂnsin MRSmed® ot e I&E@éh%% &%pu&ﬂé%m
g’h" %n of 1 nes or precursors to RP

|ncreased ability to prevent
neovascularlzatlon sai d net hod conpr|3|ng a) aglng

3, SO 5. oV AN LR el Hes LU 758 s fom
25y egthe draafly esthblished RFEcklldines inait least @B didlse deevtqmtcextiected
andyom the group consisting of: growth rate, expression of pigment, de-differentiation
in culture, and re-differentiation in culture, of RPE-like cells when they are derived
from different ES cell lines.

30 14. A method for the derivation of RPE lines or precursors to RPE cells
that have an increased ability to prevent neovascularization, said method
comprising:

a) aging a somatic cell from an animal such that telomerase is
shortened wherein at least 10% of the normal replicative lifespan of the cell

35 has been passed; and,

b) using the somatic cell as a nuclear transfer donor cell to create
celis that overexpress angiogenesis inhibitors, wherein the angiogenesis
inhibitors can be Pigment Epithelium Derived Factor (PEDF/EPC-1).

27



b) using the somatic cell as a nuclear transfer donor

cell to create cells that overexpress angi ogenesis

i nhibitors, wherein the angi ogenesis inhibitors can

be Pignment Epithelium Derived Factor (PEDF/ EPC-1), 27

15. The nmethod of claim 14, wherein the somatic cells

are genelS cal The mefbe of daimpil ¢ hwescoigahosmnagierrels tivagenetically
| Nhh Bt GPHAZELMRLE Zel Bht idtfibic ARG 8BEHOLHGL. ¢l aim 8,
wherein the RPE-like cells are derive orm a 5 bank

of ES or enbryo-derived cells with honbzygosity in the

HLA regi® SUCHe hitabd ofiSaide 8 wheteBethé RPRAUE deBE HEATbrived form a

conpl exi of their HL tigens. 17. The od of,
Sor Pt Byt eapn e ESo Rl AR EPmontiaeath PR Bflch rotion such tar
hurfithderi®edx8lls havesthodd tompidxeytof dimEhA anfigens.

Par ki nson' s di sease conprising the transplantation of

RPE-1i ke cells or Er ogenitor cells. 28
17.  The method of claim &, wherein the ES cells are derived from a

human.
10

18. A method for the treatment of Parkinson’s disease comprising the
transplantation of RPE-like cells or progenitor cells.
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