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Anatomically, retinitis pigmentosa (RP), a family of inherited retinal
degenerations, is a continuing decrease in the number of photocreceptor cell nuclei
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

35  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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vision-altering ailments, such as retinitis pigmentosa, RPE detachment, displasia,
athrophy, retinopathy, macular dystrophy or degeneration, including age-related
macular degeneration, which can result in photoreceptor damage and blindness.
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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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derived cell types.



required for the eye devel opnent, including rx/rax,

chxl O vsx-2/al x, ots-1, otx-2, six3/optx, six6/optx2,
woreaos/o7geax / mtf, and pax6/ pax2 (Fi scher and Retr/u2m03002273
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35 involved in retinoid metabolism (Ma et. al., 2001, Redmond et. al., 1998);
bestrophin, the product of the Best vitelliform macular dystrophy gene (VMD2,
Marmorstein et. al., 2000), and pigment epithelium derived factor (PEDF) a 48kD




cell therapy for research. The present invention
provides for the differentiation of human ES cells
WO paos/02008peci al i zed cell in the neuronal |ineaP@r/usives/002273
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The present invention includes methods for the derivation of RPE cells and
35 RPE precursor cells directly from human and non-human animal morula or
blastocyst-staged embryos (EDCs) without the generation of ES cell lines,
comprising a) maintaining ES cells in vitro in an undifferentiated state; b)
differentiating the ES cells into RPE and RPE precursor cells; and, ¢) identifying
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neurons i s bFGF (Opaz and Dzi ak, 1994, a process

associated with the expression of transcriptional
wa@edoswaor s normal ly required for the eye deveP@OpDns2uws5/002273

i ncluding rx/rax, chxlQvsx-2/alx, ots-1, otx-2,
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t r albeleat @ansfesionor ¢e11de |chemtef creclinﬂRPEvepmx;g:esa angragenerds inhibitors,
PE-| | e : |
o 5 R R LR OB e o
10g| 4BEDKEEPGHe present invention includes nethods for
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bl slseaes with SE]seH- d@ﬁﬁ?cyggg %e\mlgjﬁggk’ﬂmggemtor cells. These
g e riﬁa[yﬂﬁd &dlivefedBy sﬁ@bétahb Mgt fastriza b Rintagio withbérithdidviarrigrs.

sJin.vitro fer ntlat d.state. b
s b i S e b G SR e cts ey
15 pr eld:smrMXpamdddsn calteke and usedean thd tyeatgert dfPatltipsdiPElisease by any

cel] CQUP n enger RNA transcripts of
suéﬂg‘%%cﬁ% fbhﬂl %%?eggﬁﬁe ‘in-vivo. Further

provi dedthyr fehmrqsraaé@dvantme of thernesnéionwtil bggppaent fn the
de%ﬁﬁg{?%rae%leﬁeagsch?ﬂﬁaor precursors to RPE cells

t hat an i ncrea bility to prevent
neovascul ari zation, said nethods conprising: a) aging

202 somatic Cel I B‘RI@JFBES@RIMIIONJQF]HEtDRAWINGsse is

hort t | %
ool | Cdinigiry | A 08 serS B anqleg P boagk 8 anneaencs gf,
b) pﬂ@hﬁged hieas @hmataceristid of RIRE eelis) ol gontancousy diffedantiating hES

B
Pi grutinte, Epic]lvdlai Gawelbptate; @@anﬁad;,tlflgul(EPHDFS/ Eﬂ@tqgraphrhfeplgmented
25P! qg@ﬂ{}s inrhvfﬁtrﬁcgﬁ% deoc\ﬁﬂtheﬁtgfﬁLH ﬁgEBf &r45&nﬁaé1ﬁﬁ@attﬂﬁni‘lgure 1Cis

I Nson' s ease wmt derived
Rpe.phomrmfoef pigmentse gra it ep ﬂd]é‘éPlFtscumﬁ?e E@%}Do’é a photograph
del df\éﬁfﬁﬁﬂerﬁ}éd SRS e AER Aﬁdiktn" @Lﬁﬁﬁé FHi@hrel 1rmisammcbg@£ph of the

ey e rB e SeloBna it it p TG opFure

M Ysaftle 96 Fixgire Kiba el 00mapni fidatien aMdows &dAiand hpoint to pigmented
30treat .ment of Parkinson's di sease by any method known

t o 'P#B8% skilled in the art. Cther features and

advant adéiguod 2 A4 is asezivs oOphatpgraplsewlhbioh ahew the losmandiregain of

pigmentation and epithelial morphology in culture. Figure 2A is a photograph

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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foll owi ng detailed description. BRI EF DESCRI PTI ON OF

THE DRAW NGS Figure IA-F. is a series of photographs
waeb@alomgit he appearance of pigmented areas PCT/US2005/002273

(characteristic of RPE cells) in spontaneously

differentiating hES cells. Figure IAis a hot ogr aph
of fbafgn%hmmowégy oBack arrgws peinkimpigmenied ceie vepte arrows show

culd %gg éé’ﬁk’wuﬂf ohifm¥g! | plate, scanned; Figure IB

is a ot ra of |manted th
ol d cul liges Lém%%ﬁlg dlﬁgi‘hﬁ@‘}ﬁlfﬁ %%‘?r}eéﬁggﬁ?t@gliaghs and
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5y ogelth Beusdt Ehand sl S afeiapastsiiyle fRh gt Ehion of RPE

phehageraptstophinhead laorresjmngﬁng@hmermcmsgqmnﬁeld, X2l magnification,

.t h , -~ .
R S0 L 190 N AR g
po.cnntmsm npérgaeapty dibld, g 00 magmifigatian. Aargws showathg eplogalizgtion of
ph %&%ﬂlﬂbgA dc(lfRﬁﬂBY’ (CF' € fn%ﬁx%n@ﬂ ‘éeﬂ@@D’)‘ #fowheads point to the

ment at | ?lthe rmrﬁ _|nclture
10F| gﬁbﬁ@cg af ﬁtglnglgoﬁ% hs§e g@t@g&h g ]%ﬂ,q Wn@ regions (C,D)
Out gr O\MF’i ure 3)aakht Phgl sBovwe pisot wepsaph osewkfitblot of cell

BT WAL Sk o Rl Pl BT o e

is |Lﬁhﬂ1fﬁdﬂd§rrtmu=mldeS dflsproicohieslad iang-GRALBP aRiigerdye d2Erongrol to anti-
e|oQ}hoto rhbo ﬁw ng the regain of pignentation and

ology in 1 nonth old culture; Figure
152E is a Elgmm@slmmm photngrangs théchodgmansiratg iheexgession of markers of

PaTH3g Sfr u}‘@@ﬂén@g&' @ﬁ%}g‘e and h@y r(ﬁ}%'l;e ahoﬁﬁgutrg AF§ A'RPE-like

cultur S I n i cation

i ces mdppg-twesaﬁmdmuﬁéu FigureAG, Bigure ‘é@ —ciiapg contrast,
V\'h'FI {gﬁfmﬂo% Sho6MrRges 6F PSxOMnith H&el@bﬁﬁfﬁﬂ(lﬁgure 4A,

Qvﬁr G e ﬁ%@a&@aﬂﬁpb&f%@gagﬂi’w & 4 FIEWE I,

oRPE«*l mreh@ ceI I s der| ved pignmented epithelial cells.

Fi gures hot o
i m%u nol o“’Z‘lg\"f é% %\y pﬁg% n,gfl agthﬁP% ﬂ?@r@&hatlon in C}le culture of
C orhumapmrrdnry@-dpm‘mi@eﬁs drypsssopgythe stepelof &qmatlon of ES cell lines.
magni f
e LA o d o i, T
m drdodcdinped pe mp Ontobgioshanofation: tp ablgTpRIRECIEHIBR cXprgssion

25C Olﬂ%@télnb e RPENcRicdlRptd RPAER cebdeatst eRAMIB ket 3Eﬁhehum (hES-

br 18 R 64 é?nmﬁéﬁéls@?%{e%%%i%%%qTﬁgn«%F@ 5407, ana

req*r@ﬁﬁ, i6&Tatl hiringt RPE(fe-RiPEt FRaire 6 Gshbwthea dpiaahiagreaphealed

P el o ﬁ&%&? %ﬁﬂaﬂm S sslrAtih Bipo-

c d31nd111g1d1n115f i fetad REE&mﬁdI%RBEIquBnqt As:RzEErriQr ol to

30antl CRALBP anti body, d- control to antibestrophin
anti body Fi gure 4 shows hot ogr aphs_whi ch_denonstrate
the expressi REBAILEDDESCRIPTION OF THE INVENTION

Various embodiments of the invention are described in detail and may be
further illustrated by the provided examples. As used in the description herein and
throughout the claims that follow, the meaning of “a,” “an,” and “the” includes

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

(13 ”

description herein, the meaning of “in” includes “in” and “on’ unless the context

clearly dictates otherwise.
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Pax6 (Figure 4A), Pax2 (Figure 4E) and mtf (Figure
4B, Figure 4F) in RPE-like cells in long-term
wa@eiossownt cul tures. Figure 4C, Figure 4G phaBET/US2005/002273
contrast, Figure 4D, Figure 4H - nerged inmages of
Pax6/ m tf/phase contrast (Figure 4A, Figure 4B, Figure
4C) and Tea@ts ustd phtbisspecificating geriayheve theirkirgimery meanings

o 3 B S EL o o s A pptsclglER e
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SO PoHeS PR Ao B ey e P ion and Bow to
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| |
ceieatiglenpit fofiah B o P ORI TR el Mg ehipp isho
19 infhwbndd 6 ;the&mdpeﬁ argbinkyning of atee; the seopeRPE nid¢aniiRRE)a term is
Fi ghie ?an?e in %he léﬁllhg %Bntggth erl]lgfh@f &gxfc{t‘?t gﬁtﬁ‘ﬁﬂgﬁﬁev‘@t Wiibe appreciated

Speci nt hesi s
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Varl ous enpbodi nent.s, 0 he i nventjon are cribed in
detherein, 2198 1S ARy specipl vgrHErance fq k% Pla‘f%dlw W%?iheﬁ 5P tprm is
ex gosfed Asdistuestd HérélﬂeS%&ﬁ@msﬁbt @Jﬂtahefeﬁnm aaovided. A recital
thr %hout the cl ai (?o ani.ng of "a," £
8 Rofq SmSpbr osdh i e pidGr AEET Al Bhs. e use o
15c g rebcemples lagpwhere dh thisedpesifiottiver, mczhehng%)sampl%oﬁmdem discussed
t o} i i . i. i . .
| heR 36 Rl B NGO i i BE WG iR hoopl Bnd bfle ¥ invention
ot rrerlongsas dptreare propssiedestnipled, Rpryvesigd.oortt febkcp gpording to the

ge rlﬁ?éi‘]!tlloﬁ widBEt fe@@ﬂdrfopéﬂ} PRI BRI 98 séH%rﬂehﬁ adfibn.

e context of thHe invention, and in the
speC|f| where each termis used. Certain

20t ernms t “s’iﬁlﬁybl’s&d“dr@rﬁ@ﬁef isheedah® dévelaihg o¢ll mass that has not
dISCU el W or ea@/\{herelnthe ﬁ({g ci,fi.cation,.

or JUPEISKEI RO R IHFNEE T RS Rl o Etosairyapio bt isa
de&!éﬂllbjlitgd fibm @aoptidicdiinas emboyoreftioalso ufcludﬂte blastomeres,

coryuit St 38 e or AR M E Rl AR Romeres.

exanpl e Thsi tnlgn f¢rabiyosicasta Wllsq uefersttd @mbmﬂ@wetﬂmllsj shlore
250f %b&ﬁkélgm Ftks tﬂ@éelﬁ%dl%h %ﬂffﬁe Hhel DA RRSPSF BBocysts or

term e scope and meani g of atermis
th@%@?ﬁ@ anfl that haveshges S@’éﬁl@&ssagﬁﬁéf plFliggs. not it is

hi ghl i ghtiedernh thidhadd eliSryeRiersesh adiRd (iRtellsh GefSi@MRman embryo-

T Mk L e OO AR BRI o
One{QintaA Tb@sﬂfcyﬁth er indruise ailcbt!haltﬁsa&el bb@r irially passagal asmell lines
03Pl SERBENEoh BBl BR G PR BT o1
c ert ai n Thertesn Ynemgr wbld/ediemed eddist ERE) mfers bo meprla-derived
S y rl:%ﬂé/ 'ﬁas?&?ﬁ -2k 8 XL B bG tHER 0P thedhR&  cel AR Y Rbryonic
shleld or epiblast, or other totipotent or pluripotent stem cells of the early embryo,
including primitive endoderm, ectoderm, and mesoderm and their derivatives, also
35  including blastomeres and cell masses from aggregated single blastomeres or
embryos from varying stages of development, but excluding human embryonic stem

cells that have been passaged as cell lines.
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exanpl es anywhere in this specification, including
exanpl es of any terns discussed herein, is

WO kdoastaoat i ve only, and in no way limts the sSPOPESHNE002273
scope of the invention so |long as data are processed,
sanpl ed, converted, or the |ike according to the
i nvent i olEmbrybhmu;tenn g3 ablls hidnyavp e abdlityde diffesertiatointo

S¢C I']v%qgalﬁrf an,?f%fskl%rbf at?ﬁirﬁeﬂfdﬁ E)’ow@é"%’ 1%191659 Eupl%)ly of { 1e) juvenated

notani rhmt@nwmtlblmcslls fra t@ﬂacrlarﬁétl%t#@’raawe%dhe Brogigre phigpmune
hoSkicctih cBY HRRbofmeGRith nudlSardranet aﬂcﬁﬂirﬂiteﬁ@geﬁlé@éﬁe@hnology

SEo e s, S o e BB s s on

anl lr&ﬂﬂ‘!é j@-lhﬁéi stPh@red fedi€Rrentibgornt @fp&hn&ﬂﬁhy oiticc Agheny those,
cells eri.ve
cpatemeiEs Fyithelis) s rES: SREuEL G Roa thfLpispeat cpithetium.

i nner ¢ e]Pﬂehnmmy efpebinzentsomys¢dsoudat Advaricaé C&de echiaglogy with

h a\é)%n%‘ig %&5 ﬁ%ﬂ%ﬁ{ by c&?ﬁﬁ?ﬁg@gw‘ﬁiﬁ%@ﬂ %pe&%ﬁzedﬂﬁﬁuff{y@?em these

Ic stem ce refers
10entseily dﬁfe[rw@tedetq RPEAlise seligyibei dandglisqlathtand passpgedt dluman and

celSude 30t atyrid Ha{'tﬁgﬁott@ES'c@ﬂ@Enﬁﬁivles AR&ESm&kip Hﬁ@'ﬁtﬂres of RPE: these
bl ast ocyst’s “or rmr | ae and_ that have been s%5|§ byestrophln

padiggericd spithelipl qalls gxprasrdfornpoliculyr mIriesy
bl @RAEBPGPEBFdaIMPE@ﬁUﬁd F@Bﬁi@gﬁfaaﬁﬂiﬁn caltie is

human e ved
mr%?%ﬂﬁ%}l%@ag@f rheRiifontlges it Bihlial morphology, both
15I ncriﬂwduﬂgafe hesecdhfttithe celiseform el thomiser asdrbeopard quiescent. Such

lﬁ%&l&( ?l?sp aglr‘%%ietél?l ygﬁa(_s) atéé frcgez%{r'x:agg ttlﬁg‘/tedo{hus all?vvlélrg thel.r

prIGXpBlllSle endoderm ectoderm and rresoderm and their

derivati ’Yl?esmvéﬂtél‘g HaD& gﬂ’ﬂilep %o%%ﬁﬂ%ﬁﬁ?E@ BElICAd produce multiple

masses from ag ate [ ast oneres .or enbryos

fr m&wﬁryw@@w&@ g staswct@r@w @ﬁfﬁ@ﬁflaﬂm%xpéﬂe}eaﬁ. 1§ y1tro.

- 20N UNBRIEIBEN QRAIPsiS B?ﬂﬁbﬁé@tﬁu@t&&%o%&tﬁﬁﬁ@f s %Mﬂerﬁsmth early
cell lines. Enbryonic stem éﬁ%@s,l) ch haye

abiTefiRg) development, BRiuimeasetreatey P?f":d]:?l SWII%{% P45 é’OB?S

a human RBEﬂkaﬁﬁhnmﬁwnde alimtless supply of

rej uvena %]ieF gﬁ c:ﬁﬁé’lﬁg %PO'W%&?]RS o?ﬁ{ ]?Peéngg?grl'd%rﬁ\efents scientists

transpl a d
r ej fearh idetermanmgibe dmapt@tte efficaby QE ibisRPE trenspddnsationn deveral

SDaTIthﬁQ@Sg&Q %Fl‘ﬂ% f%ﬁ%@%}gi%er t‘h?sccﬁmacfe' gl Q&‘f‘es?}czvlay is to use

Hi rano ave s hat nouse ES
c arﬁYﬂﬁem@@nawuppmm@ta Fhaehis @éSOiCWtQﬂ Wil piaus aﬂecﬁffeots such as

ex%ﬁb%ﬂﬁ%ﬂe&ldﬂ N&corﬂ%@oa{ch(ﬁ% trd?l'sﬁlﬁﬁﬂh@ fatient's own RPE, i.e.

epi theli al b .
o iR iy BRGNS OGN RSB AT 15 |9 glace even
OUtmade d%d@ddqeldE Gedt) a Muppfdagly iswotuse msl apithelivan ¢IAR) feom the

| |
S0y sogin RN BT e PPt BeRBEE R BSS Rif'd fp yision
t hatlatsinfubetidns off RPEJ Ulidatssagiadd will meed tarte fovad to ¢liminate

gr%_hee%ﬁ Q@‘%&ES&%&&@ Aan‘?l%fe&‘ﬁ’lﬁfe HEHnD ﬁffﬁa%&fkﬂi ®ransplantation

tures se pi grrente epi t

ex pnedWDX andr ARMIDD ciihelearrizaniier ndpartippogensas facalifaten
histocompatibility of grated RPE cells and progenitors.

35 RPE defects in Retinitis Pigmentosa

Retinitis pigmentosa is a hereditary condition in which the vision receptors

are gradually destroyed through abnormal genetic programming. Some forms cause
total blindness at relatively young ages, where other forms demonstrate
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CRALBP, PEDF, and RPE65; |ike RPE, their proliferation

in culture is acconpani ed by dedifferentiation - |oss
wo@oopiogeent and epithelial norphol ogy, both ofPeiiUs1w05/002273

are restored after the cells forma nonol ayer and

become qui escent. Such RPE-like cells can be easily

pashagetdristia thoee spiceet retinelchangassvigh liglgivigon Aestruction. This

ex%%?%eoa[ff c@%%nie d?ﬁﬁl‘%ﬁ Q@M@ worldlWgd. T%&rbog%efd@&tctsm%ﬂﬂﬁuse

uce nu VI treo
bo@vyosomweregqsrswem@e |bﬁefhf°fuf1§ ﬂléa%neapmrﬁ%éﬁ ¢ Ipskgely dn RPE: one

I N jyitd @ atn:ﬂ@ ﬁio?eﬁh @rliaulol@aah yﬁamnp{x rﬁaﬁzﬁlsmt ﬁbiﬁi%ﬂﬂtﬁ@@ehyde
pa ern o C S .consi en W ea
S oD BRbBISIY ASran i LG R RE R otth brafie lolpB RPBSY, Once
r gﬁ*@ c@ivdh i€ @merdﬁE’Eoﬂﬁroﬁ s ﬁ)’rtrﬁtdf ®P shoufk eestesutable immediately by
cnr e
SR Gl iR Bk R b B inShiealab B Y ool S65Phh v
of wdsiashoREtEsdly m@tm atd zopporBewieedtocrdeﬁormﬁ bhn@é@@u ng
consi defﬁélv L Qe QUR LFROE thallk aﬁ%l@&i estsvﬁl%ree@ﬂ&ﬁfse Ysthe

is to use ystem c | nmuno press
10 a5 $us6in26E06 af Witltﬂhl degpnastions m@adémg waswasdrgrneration de addition, 2

Sgglluieﬂ%{agf éi’ﬂ%nts&wﬁ?&ﬁﬁﬂce@ﬂ@ R rebsindPsdnicueAll dMdiont Rflowing

. h ft b
o dHE Rk oo S o1t OgioL SR e RBEr hef A8 PGy from barely
NDIsEeiflé ﬁgl@t&@ (ﬂ)eﬁi@EIbE\Efetc?ula ﬁr{ggl‘sdleaxpw aCJ@LElhncteSoﬂa(btowSﬁx feet from
iri romt he .sane t
s RBS R R B BT bRy P fog gl through
15 v! simore] vislomt €te framsptantnis tifse BREies Wrdre patf@mcdéoynmehw
lllltl‘{tﬁl%ﬁ’l§ tHe ngfr Hﬁgcélﬁ L@héﬁbﬁggﬁe Jstﬁl tdeﬁﬂl‘} ?%%Et N@f‘all of the

ScCl en can e rmne
t r aplpsranivad sioae thﬁ trneplanted ;eq@J/DellwereeaéLogpmea% gfeepotogegetically-

parthana earl‘tﬁﬁﬁ lfh@% thht B4 @uﬁiv%t@ﬁﬁé@é’dm@éﬁdﬂs Yvif other neurons
grated E celTs and }Renthemtors ef ec

RetaPA gLy tpfyienn bkgt FAreqeRtops @r ¢ Beq ép}gommately a yeat
20 he raﬁ@f {ha fitstCpgHd Ipted)lﬂe rdcBivell iledriRplarissioan hivcepseial @nge visual
ual |y 8 sil rougg abnor mal genetic
%@?%Wﬁlaﬁ a ggh%‘of”érs}%‘s Oh6%BESR/t al bl i ndness at
r eI at i velhreynewly deges) hwhar embidybeic stam ol lines are similar in
Sﬁg)gogpz r1eastt§ ?lbc]%r %%%c%ﬁ) & Ieérfier @‘?B?ﬁ&? %31? gnq9%q{éﬂgﬁloff et. al., 2000,
af fRichasdsena., 2080, rhanmrzmrfpfécﬂdl, I o7 m@wmpentawdgf&téntlated
25 def ﬁgﬁ&%ﬁéﬁﬁh SRHRE 1 AN P FRNR 6ﬁﬁﬁ§ﬁéﬂéﬁua{?€d R@g gelke ©Rt-4, alkaline

genes expressed exclusively in Qne i s

d u @hpwhatasw@% 8t ¥ PA T F BV EGV TR %1rﬁhFP% fRtRIBTREPS i culture
(cigs okt 13@6}30%@1@&&6@ dBiB1High g APHESEdN) lined dsfeqomtthtd v@lstb&tives of

anot her to RPE, RPEG
s Ueish Gein GaerogB E O oRhEED TR GRS 07 b RpRas Dne of the
t r QMfa’ehﬁatiommcilvaim wf hS RElEs ik samidqyltandtmt] migmeihersthelium by the

0%1615 éswgé'lsa]' pn%ornlf ?%gafa%r thd %g% d g%ﬁdsa.} i@,& ggle&bgﬁatone
f omormiayst ammmse ainbeontan éankdirown PRgPECI i e catpdasivg wvhich is
SUGGERho bB BfertSn BeHBnti Ho% ohfifin melanocytes, keratinocytes, retinal

and iris pigment epithelium (IPE). Melanocytes, however, are non-epithelial cells,

and keratynocytes don’t secrete but only accumulate melanin. The set of RPE-

35  specific proteins -- bestrophin, CRALBP, PEDF — present in these cells indicates
that they are likely to be similar to RPE and not IPE. Another similarity is the
behavior of isolated pigmented cells in culture, when little or no pigment was seen in
proliferating cells but was retained in tightly packed epithelial islands or re-
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treatnment of retinal degeneration, including macul ar

degeneration. In addition, a nunber of patients with
w@edwanowdl RP have regai ned some useful vision POI/US2M05¢2273

fetal retinal cell transplant. One of the patients,

for instance, inproved frombarely seeing light to

beienpreasddn hewlyoestablishergrobblepiehelmenokayeli aftes fhgecells became

ab Q;gﬁesg‘érff gﬁﬁ{ bélfa@ﬂ?r W&E d%hb@d‘for%lﬁ?&ﬁ}s 1+ @ul@ur% %‘é@fé‘;ved by Zhao

VISIO roved to abil {o, see lette
t hrebL?éhlfo?ﬁn@d iy V8§ BreVIORRIY rﬂ?%p VIPESS oh ol E495) that a neuronal

st ygirRer tﬁﬁﬁl& B iekaEd &Yﬁdaﬂjy e65alige inl déﬁffﬁﬁiéiﬁiaﬂﬂgm cells in

t |1
5 P :}Q/flqrrfg arluﬂaq 113 f‘te}pe 2 u A d’gtgg &pécaL E.?@%é%hgf gx éugg?étlng that it reflects
tr ans |a§tidit$'d)ff1§1]£aﬁnd’31&l dslityes dediffteganeits a pewel linmige. The

h d I
O ey D S i
f urnt ipassagecdkailtunes qfIRAHaECRPE-diks ce]ﬂsbwhxsthtch@mﬂect a

Ap Qfeﬁfffe%tt% i¥n gf YR ol ﬁienru}thﬂeeor ihdieite &ls 96‘2& g)ggﬁl%tion of cells

recel ved ansp Ia our have reco
10vi sommittedta ¢ nwrgmﬂi f@te,f thatewiers RE@aly Wtqdfneabwrrgg@@med cells

Th rtﬁt%ugfl? WverdRlative dr HESRASA6HRKE chiltBRes G8d bolll A@Se been co-
are simlar in ropertles to those described earlier

( THeH&eH vath RJE-like 6ofs. Rei bunoff et. al, 2000,
Ri char dSIthe githwing eptveslcbRERAad iheaieurzﬂlretma%@rib)the same

kndle? 3%@0%5%%%6&5@@5@%% -SSR Bt B B EPE R ermined by
15 aI WEMhﬂW BEymSSEAL 320033 FhAe IntteT Bing 26@get of the first two.

por g AT 40P ARB Bl N A
i nttbe BBEiin rihes sletﬁ ORmeErepeiing Eyasnacting 2EBgaelioseglls in mature
ter @@@J@\%d Gy A9 SPARE ahd Grds22 GUBS dolEishl i 1tlishﬁso found in

dlf tiation derlvatlves of hES cell

" etmifeliCally GHRYRDTRERYNE OFTREBTARG HERIONs (R eBF | b f-4986). The
20D IRNRkRE hewd foymd themahavethe RBplikatelBpixphebddahitf and Pax6 in a

T R e T e

pr &E)ﬁlfﬁplthélheﬂ heorhhotegy thatyurmuhy pigmaentddeepdibyglig gslands in long term

k er ;t{n%g/g)?[ Eneéells{v&gsﬂ 4 oar\/@ﬂ%&'[’ﬁ ﬁleﬁé’tgﬁ?g%ﬁhﬁﬁ gﬁé}ﬁ%ﬂt%d loosely
a n cbaklegdant prps &mg@nﬂq 1n§g@qnély@amgecb¢ulgar¢§@—}uhgqeaﬂ@kers were
25 m%gh%é%gn %@&P/Q:fall Eﬁé:g%?ﬁ%&ﬂﬁr R Eé)vte?éa[@f RPESHKERBIN ) progenitor

esent ese cel I ndi cat es _t hat
t hejaearmbthe qaéwfﬁ)éoltf@ragplﬁpx HASSLYS mptf%wm%rewtpmgemtors

An qh{%?e"suﬁglm in&ér‘a@dtnds&vﬁeﬁ‘&s%ﬁ@ﬁf Pilgnhitedsel1abehithelial morpholo gy
culture, ,when l.ittle. or.no

t
RN N R AR
t i gbgibys @ACKed skpihhdhildple swikdtes dsvoprevioaxlyrshewe dedififerentiation
neV\A t ab t'u%eha%g th p F lal?sé gtgﬂaﬁlgﬁ lnﬁx %Ell?&%}%ﬁl &ﬂgg}éﬁnotype (Reh

30¢q19f scen oF Was
f oranRFEEett@ti 11987 rSlaghchiet al.r 1§\9|7engrwtz4iad 924, Chen ef. al.,, 2003),

ron%f] %a&nﬁ@&tﬁﬁlﬁt’dr@&@& cﬁﬁﬁgf[l}taﬁ @E Y P@’S? S%Et (Sk%uchl et.

a neuro

s peaél, 1997 nepuralgeting (wdy ¢tnald 2802 andior ne&mn@bpm@%ﬁ (Q@paz and
I n 1yjihE a 088 Sigh &&h@rs%ﬁﬁ irStuvh Edbxid Wlﬂ]yrﬁhtﬁfﬁ RﬂE’Elke cells in

nDr phol’ogy ‘suggest i t reflec st

350t REEEATGOPER aaB.rF%"%ffE’sélé‘%mnflﬁ%%?ﬁ%’ﬁg?? Geff b fame time,

| i neflgef nduisl retina can transdifferentiate into RPE in vitro (Opas et. al., 2001), so
alternatively, tubulin beta III and Pax6 positive cells could represent a transient stage
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i nventors have observed the sanme pattern of tubulin

beta Il localization in primary and passaged cultures
wo@RooRPBoand RPE-|i ke cells which can refl ect apPCT/US2005/002273

dedi fferentiation of such cells in culture or indicate

a separate population of cells commtted to a neuronal

f atof sualima:nsdﬁfeeemratlgn nfibd-jsolatadiatenthl nelbks ot reupil gegenidrs into

celﬂﬁ ygh differentiation of hES cells in

erm cu[tures and coul d have been_ coisolated with

RPE | i keDitergnsiatipn of hieS gellnintodRilike celisshappengdmpogiggeously

t h%vﬁéﬁl’hrst r% h&hbNAIEHWR th e a1 & s drdahe 1nventors noticed that
neur oepi

S b ertaial a5 aohebt iR e ey ek and
al .theiP@Bber pro@eéset beertipri-nth B 5trasrgkd cudfuréshesafly reséry EB had a
N T R I
f u rdetieed &Y &heguered, intodRRi- tike gellsnwhwhcsugg@ts;that since neural fate is

gér%g);cn ggﬁ@ ES c%%%oﬁtaﬁ@éds!}amkeeﬁg ﬁ%{;@)’ &efa%lt as an

10i admmy‘pd stage pf a@hum@wogéw ﬁce)p@sszbrle ﬂ@gwbﬂqnggtem cultures,
ne%}fé@éd&ﬂé&éﬁ@ﬁﬁg KES 'bellsaform a]n%?l@)la eTQd? ety At Speﬂﬁiéﬁve and/or

f ound ng of the RPE i e col ﬁﬁ ressed B‘n
andnqﬂmw it re;slaaaflgm IR 981 W@ﬁ? THagtE x| a0 gawath factors
weroduesdd @[ﬂfétemtfhtlﬁg depVgIenbeES edllssThé model of differentiation of

epﬂ"ﬁ% ﬁléﬂnt? %ng&g&ﬁ gﬁl&tbte%:ﬁ% qogfegﬁép? ?"P{tsﬁ l's

15W tohiceoehpiasrimealt ordh‘éﬁralbse]hBE diféerédtiaght land pagsdiiitrentiziod.

I I
p ggg Zg Be/ J&Q% Ffdg’r e 1 aP&at%h hglg hﬁg oE&ege%lt(Lrﬁnélﬁtghﬁr? =i Lﬂcy Yanous RPE
| n neatBinptiens ih vivgaye sesonigiadi witlea namb@r\mfrvg%wnﬁﬁem@ﬂmués such

c elalfs ‘%FE)dd?éc‘Bﬂfeﬂt tdgé'glai.: aagﬁr(?)thplt REnONR r&fnms {)1gmentosa macular

pro ation or SS|ve pro |ferat|on |na
slyaireRhy s degencsrtions mekding aes- r@@?ﬁét%wéarmé?@rmnaw&ch can

20 of rBduBiTE Pherézeptos dethagPindginiadss @éd@h@l ST¥s WaIR] [alfg

ad j Bgﬂlélﬁg)alﬁgli Eﬁ ﬁ?erég:%%gfg]?ygﬂgln ng (@?1%§ ﬁ% %ﬁl}sp?antatlon therapy.

I\/UIIt hasllﬁels‘shuimem feavel priel woddly ashmirumans (Gouras et. al., 2002,
?ﬁ fef ea? E(g 22?119(1&5? 1. Iﬂ)O uééh&‘%e?m% & ett rﬁﬁ QROl r?wewed by

on I'n fona
( Relhmdm:t! aty 20Q1g phat m;raISk]agtabhm hasta gedd, potq;ggd? of V1s1on

Vi
251 DOG&RHEL R cf%lilﬁd Ly ancilor E%?Qctﬁlte nidle: for ﬁﬁﬁ??ansﬂl%’ﬁﬁf{&ﬂwsas

anacri ne an cell hao e
gl ipsonoskdgt wené@achaqit e phaseryf chﬁzeqa} fialy: giep thepesglls seerete

al dop £A0x) the%Qum%en@eu wﬂ@ﬂea@{e@gmmmor{ @éé&"se@lﬁjoramaman

ﬁ)?gé) Such, pro nitors.can in turn coexbl f
}aa VbRV IR G 96 Te 5 fdpolgy of era
r e&bljlet:t;cﬁf hﬁﬁé{lﬁé ﬂfe?ﬁtbgraﬁsl (Tfﬁlhl@ﬁplﬁB&H if ketlogehik $randtlaitheused. The
sang ti cel s neur
307 i ke @ianhy o B oo B 0 RpE bag g verylow

20@hyljfestivapbientiat i vel y, tubul in beta Il and Pax6

positiv

Bhch t1 eheary s Sl R B B sl R o S A Bl for

or treasplantatieroderipy oasshe moﬂgqupgf immenegjgcton can be overcome with

Di frfu@fe@f‘ttrérﬁférQébhﬁf)lolngflfeQ{éwsdﬂfﬂ%?éhtlﬁﬁ’cﬁi ddrkatioe bt ﬁuman ES cells,

S AT R

differentiation system may offer an attractive potential supply of RPE cells for

transplantation.
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pignented epithelial cells reliably appeared in
cultures ol der than 6-8 weeks and their nunber

w@ewgoawsed overtinme-in 3-5 nonths cul tures nelCT/YS2005/002273

every EB had a |l arge pignented region. In addition to
the described hES lines, six nore newy derived hES
lines turned into RPE-1ike EXAMPLES| ch suggests that
since neural fate is usually chosen by ES cells

spont aneously, RPE-like cells can arise by default as
an advanced stage of such peﬁ’ﬁ\?ﬁiﬁellt is al so possible

t hat an%h'é‘d%ts |a‘z}ﬂé}eﬁzﬁ{t&§h Ghot ;@éued/\lgﬁﬂzezz&izl def18 e 3rNEultures

hES oBl | iy t
Sand/ or | P eSS b0t Mo hsence of

10

ng Ifﬂ@g EG[FLaIna Plasaianboe, thog f@fma\?}iﬂcéa‘ makidayer pf callsc edlbdiyt 6 weeks

i |vat|ves 0

ai 195 a0t bR B Rt P et igs UG Mt i cos
be ae gasélfyiseent wish theonaked dye hni/&ogknﬂwhkﬂ ‘dregkles| ngrpletetof cells as
ﬂ gﬁggﬁlfl?iﬁgsl/spgt ﬁgﬁéﬁ&%ﬁﬁ a1'09 el fglandst ppear as (i %htly packed

erenti at S an | or
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E’P%HHI&ktoi tk‘cF}g!: Yslﬁlfdwg:%s}: efﬂesm{n%er of such peripheral cells increased
over time, suggesting that these cells were proliferating, and after 2 weeks most cells
in the newly formed monolayer contained very little or no pigment. After continued
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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30The preI| ary characteri zation of
di fréentippassegad dndredd cdbirpssofd SRpeds- derlved RPE. In proliferating

cultures (day 3 after trypsinization, not shown ) where RPE-like morphology of the
proliferating cells is lost, nearly every cell showed the presence of mitf, Pax6,
tubulin beta IIT and nestin (not shown). Pax2 was found only a small subset of cells
35  which appeared mitf-negative, while there was a strong degree of co-localization of
Pax6/mitf, mitf/tubulin beta ITI, and Pax6/tubulin beta IIL. 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

Vi S)dﬂéoylon iof et lkengol shiaddabaid whmalhwegenitarst in R -
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is based on their simlarity to RPE cul tures

previously described; principally, their epithelial
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pi gment ed epithelial islands wBkampleskt abl i shed,

groups of %%)ts'ngzcﬂﬁag 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, collage\n 1V,
Matrigel, etc.) in evaluating the role of ECM in RPE formation. Expression of
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mtf were found nostly in non-pignented cells of
non-epi t hel i al nor phol ogybet ween pi gnent ed epithelial

Wo sdoannw1( Figure 4, A-C). and tubulin beta || |PEEUSH05/002273
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there were populations of mtfpositive an

Paxolemiptmarkers off ker]y RBE@F‘&PHEP@éBaX% Pagd rpléﬂ iapth ef FPEfcells
P' Q&R%L%ia *b%étﬁb@iﬁl (piEray R@P@ﬁ) A G)alulted 3t Wakouk @mnwals by

very subset mtf-negative c F
 ralne R o and O Prine Sick Rl ot ik opHie above
ev %'ti?]n@ii@hﬁpﬁﬁﬁltsi aﬁhdtsmfmﬁﬁ ﬂrScdﬂlﬁre li’(attprbéucep legrigtithed in RPE-like
sepithelial Ts

th&? Toon Gein o B wbrsaseh S SrEBG iEao pfadif gSmmon
. @roginitbsrof] : Ridkadl ahértdye tissles,suth haplhmc:repq:mmecvrtneural refina
cert ai,n_si.n [
c i 73 e SE B B P St (RIF AFBRRLRA potential and
of RBEd ini tkamsplehtation stuilieedf r om hES cel |l [ines H9 and ACT
J-1 from Cyno-1 ES cells and derivation of RPE-1ike
cell sfromexisting hES cell lines H and H7. An
10RPE-1i ke cell line i s expanded*3BBleY for freezing

and recover )@e;@ﬂﬂzoﬁhﬁmoﬁﬂ' RS 8 tiRetpRegdrlolOfbM @xisting
met hods and nol ecul ar ogéﬁq?ﬁﬁ cells: bestrophin
and CRALBP by Western bI #W6¥1 uor escence,

PEDF by &hh@ﬂneamh frémtthe gerol e&presamﬂpﬁ&ﬂ’ﬁil@ @gprﬂ'ﬁwB@Fﬂthe RPE

uﬂ%rgg?e@téﬁﬁra eés %ﬁ%egorf &/ Eﬁ‘l C&?{g‘f\éstsﬁn of the surface grotems in
15ev alrdextte find rmnmcgmmombulgatIOKaf srfagpintaykers ME’E R@g@@llwrscells If

W lsluclpﬁfﬂ&%ea@%lﬁldc thflltgﬂr?ggéfs t ﬁ%c@??&%m@ RaRb& QEEIRD Gdoddte a pure
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transfected with GFP under the corresponding promoter; as a negative control, RPE
30 orES cells negative by these antigens will be used. After expansion of positive
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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su%wascwﬁrf’elmttmrt(afha’e@f aﬁhﬁmht @lll@m%st r at e or matrix is
sused to produce a nonol ayer transplantation. This can

al so be Eerforned i n i munosuppressed rabbits using

cel oY 1 hunan ES-cell's and also in various

ot her arMEFImémﬂﬁJ BigRklucetd DMEM, gm{&lﬁﬁiawlth pEMIGIREMAX 1,

rouded sopest et i gﬁ? P RRR SRSk TRl S Bt Gyt ve s

de QH?@I@he)O hES Ctlls Growthpmoedines knmtfk_onblc[igh gheose DMEM

de §Bp %%Ita{’l e? yd%::%%eu/rgl?gexﬂlgﬁﬁﬂ ngb%%/br@?%elﬂgﬁgﬁﬁr fib) Jg&&essential

rc ot&‘hnd agds s@hidem 2edd ﬁluﬁal\/ﬁﬁcgﬁl, g mM b@a—n@mgapt@’qbanol 4 ng/ml

Br igdh (RAFofa), fA8/m! HhdhUak! @hehitoRSTREMRE (49), BA% of Serum
Replacement (SR, Invitrogen) and 8.4% 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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fl uorescent angi ography, histology (whether or not

there i s photoreceptor restoration and possi bly ERG
wo-vshionel testing will also be carried out, PODUSIOFE2273

phagocytosi s (photoreceptor fragnents), vitamn A

nmet abol i sm tight junctions conductivity, and el ectron

m croscopy. Exanple 8 Direct differentiation of RPE
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be used to aJternate direct differentiati
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stone rmno ayer cal
I5cell's, with brown pignent in the cytopl asm (Fig. 5A).
Thqlrn%n[c;z LSadiihd erences in the anount of pignment in the
celTs with celfls in the central part of the jslands

havi ng teRllssse fisedvashe e arraionmakichules pemeabiized Wit 1% NP-
| eals)tfor (o%amzauéﬁ)oflﬁﬂaealdﬂﬁ%ugaw snc@b18cleidr et 9% goat serum, 10%

di ee}g%% ol Lhey, ey Itoé%ggr% Lcal '%ze{s%qvgfh) in PBS

ZOC eI(Irsmaqsm;iforlameaktmmb hbuﬂ%ambaﬁdites'ﬁhqbnirfﬁy &mtiboﬂ_iesdvas carried out
cel 0|V%m1 950@ E 0}1&] fah{ﬂ:?om (? acgg %plalf)é}{e I3aboratories,

nore an nore eve | i
morWhs Grem,lRA)eMm pdded ﬂaadnfahcr.urg E@twmi %lpncu’@tlblaﬁ specimens were

r egzl/a%ﬁed hRM®), a®eefh0t8 1111 BBk 5 ﬁleQ' thtes each wash.
Bs )5 i |

Ions O was ver ar tO adher ent

cuI pigens perereuntsd Hsing Yioctashisid Wﬁé’éu(ﬁﬁ@wm@wmoms
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u ) | u rom
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u eni c s 9]
mortebalingrs HeblrelBer i Ao AR redikin Oovus
0. BinlvgiretsaLitdetomptQ) phitRALRBP ngliddyb#@r generous gift from Dr.
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Immunoresearch Laboratories, and Streptavidin-FITC was purchased from
Amersham.

Isolation and passaging of RPE-like cells

35 Adherent cultures of hES cells or EBs were rinsed with PBS twice and
incubated in 0.25% Trypsin/l 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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Repl acenent (SR, Invitrogen) and 8. 4% Pl asmanat e
(Bayer). Derivation nmedi umcontained the sane
w@oepoment s as growt h medi um except that it haplCT/08m05/002273
concentration of SR and Pl asmanate (4.2% each) and 8.4
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ser%%m&%ctgmukmgpg ﬁ%@&y&:h Laboratories, West

Grove in PBS (Invitrogen) for at |east one hour.
I ncubation with primary anti bodies was carried out

200VerRAghe RE-PERC, the secondary anti bodi es (Jackson

L auad T cPo RN AR TR aER di e ShRES sl BY f wpastep

we rpgovasteedride RN A wiya sbivehute THzdmadgenn(IRdSog8erd and further

s b oA p 2ty Y R RBR AR, DR BE P RE PP HRHABE were
Bu rmomgzanxbby cal-timedP Gbusing e @omnmalfprumr@stﬁm RPE65 detection
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St megtedhand) (htifes @mivegswivioh Ghwdbely foamtain an undifferentiated colony
morphology, high alkaline phosphatase activity, and 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

35  hES45. Upon spontaneous differentiation both in vitro and in teratomas all lines

expressed the markers of three germ layers — muscle actin, alpha-fetoprotein, and
tubulin beta III.
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Amer sham 1sol ati on and passagi ng of RPE-1i ke cells
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phosphata and eRgr ess
freshly isolated human fetal RPE (feRPE), was in concordance with our previous

data, demonstrating that the transcriptional identity of hES-RPE to human feRPE is

significantly greater than D407 to fe RPE (2.3 fold difference- 849 genes/373 genes)

and ARPE-19 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

=0

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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20N ESissink, It BES{atattbtheARRDS §6ne hégy. The simlarities

wer fu]5t Eea. deEsanst rated by anal yzi ng the excl usive
i nt en those genes present in
hES- RPE/ABREhd Sorbgiing desciripti®t; i WPt appares) thaTvarsdions and

f or o i . .
| nap EEAlcRR Bty AR A hRIcR dolrc i HEISEA UERdEBL o varions

ARpgagﬁngEgmhg@m%s) which results in a five- to

75Si x-fold greater simlarity in hES-RPE and ARPE- 19
when conpared to BE. D407/ ARPE19 appear to | ose RPE
speci fic genes such as RPE65, Bestrophin, CRALBP
PEDF, which is typical of |ong-term passaged cells
(figure 6). Further data mning reveal ed known RPE
speci fic ontol ogi es such as nel ani n bi osynt hesi s,
vision, retinol-binding, only in fetal RPE and ES- RPE
but not ARPE19. Conparison of hES-RPE, ARPE—19 and
D407 to their in vivo counterpart,
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freshly isolated human fetal RPE (feRPE), was in
concordance with our previous data, denonstrating that

wo b@sor@anscri ptional identity of hES-RPE to huPeRUSBRD2273
is significantly greater than D407 to fe RPE (2.3 fold
di fference- 849 genes/ 373 genes) and ARPE-19 to feRPE
(1. WEGQLAIM: f f erence - 588 genes/ 364 genes (Figure
5¢/5d). The RPE specific markers identified above,
whi ch were only present in hES-RPE and not in ARPE- 19
or D407 her e Amghest eldesting ar prerpRing e degwerfignacomprising
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co er par. .the culture . .
511 ke o dtpn i Bl R ey eyerye TgmiBanpRlzpbHgnic stem
hESeRFPE were absent in feRPE and ARPE-19 data sets.
Since the retention of "sternness" genes could

potentially cause transformation of hES derivatives ‘
i nt o mal3.gnanthemethodnfislainh 11 whersinl the tenflifiont of retinal degeneration

patik et Sed BomGhé gfoglgtc%nﬁ%%egf\’aﬂé.a\éteoq%%tf%{i%l s gli%nentosa and

"sternness” gene a using currently avalla
10Af fppaedaridegerceatioar ray data sets Abeyta et. al. 2004
Sato 2003). This resulted in a |list of 3806 genes
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were common to the 3806 potential sternness genes.

None of these were known sternness genes such as Cct 4,
15Sox2, TOBGF . Eheanphed d0clpintUd ewhdreiRREe callslasé transplanted in a

tresﬁ%é%@itonoﬁat%{}r&iﬁﬁgﬁ]%cl s Di sease. hRPE can be used as

an al‘ternative sourc fcells for cell t her apy of
Par ki nson' s Di sease because they secrete L-DOPA

St udi es frave shanafod batiasy Q,hwﬁc%laﬁlsth@}ettiﬁﬁﬁg?%%@r;tosa is associated

gel atin-coated mcrocarriers can be succes
t r SHEpPHAIEE d¢leni par ki nsoni an nmonkeys and produced
20not abl e i nprovenents (10-50) thousand cells per

target),_ and j,n FDA- roved trial started in 2000t
pat ont -1 ecelabHRGRrfRFT 2svhintin B ik anpiefpselcoled from
wi tthegitoupdursigmgefff wlahsuse(RBES knoekom mypouaeltabtyalilesmbose, RCS
th . cell.- ' RPE: | ' i :
t naeb RSy PR e G ELI ATl i3g P Bredshy SoR FHIY Bl cheration
t hé‘prasld doggramky retiienl dpgenetinar ediidog, nedreoge Bysphasichh 2 & 3 “redl,
for j S j i i i «3 PP, : < AR

28 o e B P Ri 2 U BRI “RPE-65” dog
i nvention described herein to adopt it to various

usages a ? _congdl Ihétﬁ&f ogﬁaﬁé\,l\dvttle}ein/thér@ﬁtb&ﬁe of tHertH@fbf)?ﬁl the
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ro nj tor erlive (90 manmal .l a e rLvoni,c stem .
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of tight junationdegedentixity o 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;
¢) culturing the hES cells;
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is selected fromthe group consisting of at |east one
of: retinitis pignentosa and macul ar degeneration. 3.

wab@soetohod of claim 1, further conprising PCT/US2005/002273

transplantation of the cell by vitrectony surgery into
the subretinal space of the eye. 4. The nethod of
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degener at i on f?ﬁ Fg ailg retinal ﬁ eneration
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per f or m phago®ysdafion ‘{fﬁh‘?)RBEéﬂ@meBii fragments),

vitam n A netabolism tight junctions conductivity, or
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15cel %‘Sl(lj}ﬁaﬁdsmﬁﬁgof biﬁ@or aoreRPErypsiagesiiagetase eindslispasd. d

conprising: a) allowing hES cell cultures to
overgrow on MEF; b) allow ng the hES cell cultures to
forma tHi.ck Tﬂudmbtha@ef cleim 8ewhereincthe RIIEt agtls arp grhenti&Sstablish
cel on and culture of the pignented RPE,
tﬁ?evﬁi{PE % RPE progenitor cells fromthe
resul t ant ceII cultures 9. The net hod of claim 8,

2owherein tohe iBRl @tihed opOIding W t\b‘l’i&elﬁfthé RPE%@E—'th ‘?s Gi®¥felhtiated
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conpri ses a) digesting.the cult ur ed ? EB'
s viitorpligeag wées Wrsglsayees af s %PE 6! fipg in culture with

pi Jrest 66FGEl I's; c) plating the isolated cells on

gelatin or lamnin for 1-2 days to formoprinmary

cultures (PO ; d) continued culture of the primary

cul ture For allpenethdd of claim 1 b, Bheseiakbg namR,PEec)ell lines varies from

i s C{h@%@dﬁi\xﬁ“sm{)ﬁ&eﬁaﬁﬂ J:elflqlrﬁég |1r|¥ a leés@ on h?%ﬁi}ggﬁlqétlcs selected

sel ec
from 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.

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
has been passed; and,

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

27



group consi sting of one or nore of trypsin,

col | agenase, and di spase. 11. The nethod of claim 8,
wob@sermit he RPE cells are grown to establish BCTHEs2oRRD2273

cell line. 12. The nethod of claim 11, wherein the RPE

cell line is differentiated into alternate |ineages

conpri si Hy t r Eae method of cleie 1iRprherein the seraatiqredlslarqgametically

¥Mh t o BREE wﬁtheSé gerlile'ﬁs odh2 (AR ERA; AbovdsaliRiZtionWher ei n

e new RPE c ines varies fromthe al ready
established RPE cell lines in at | east one of the
char act erq.st i The methea bedafm 8pwhbeithe RPERRstSlsiargd@fved form a

i BRSO ARG VR S U Y o Bi0 Y O (L EloR Such tha
RPEE$-idkgveiadells hwheredtded\compéexatyrafviedr HE. dnandigbfir ent ES

cell lines. 14. A nethod for the derivation of RPE

lines or precursors to RPE cells that have an

i ncr easel/.abi Tha method pf elatm 8, whereasiba [ESrdela areaterived iigm a

met [Lconprising: a) aging a somatic cell from an

animal such that tel onmerase is shortened wherein at

10| east 10% of the normal replicative |ifespan of the

cel I hasjdeenapags&iifor aitdreabhettOMPA MO NSOdTBIakE c&ﬁﬂ%ﬂising the
reate cells that

as a nuclear t fer donor cell. to

ov et B@%O%ﬁéﬁggéﬁ@é? S?%W@%@PE?§gihherein t he

angi ogenesi s i nhibitors can be Pignent Epithelium
Derived Factor (PEDF/EPC-1).15. The nethod of claim
14, wherein the somatic cells are genetically nodified
W t h exogenous genes that inhibit neovascul ari zati on.
16. The nmethod of claim8, wherein the RPE-like cells
are derived forma bank of ES or enbryo-derived cells
wi th honpzygosity in the HLA region such that
ES-derived cells have reduced conplexity of their HLA
antigens. 17. The nethod of claim8, wherein the ES
cells are derived froma human. 18. A nethod for the
treatment of Parkinson' s disease conprising the
transpl antation of RPE-like cells or progenitor cells.

n
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