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NEW COMPOUNDS 273 The present invention relates to
cycl oal kyl -substituted al kyl esters of polycyclic
wa@pdiono2®mbeohol s, a process for their preparatiPCI/GB2009/000917
phar maceuti cal conpositionsl containing them a process
for preparing pharmaceutical conpositions, their use
in therapy and intermedembsags yse in their
preparation. Background to the Invention Miscarinic
receptors are a G protein coupled receptor (GPCR)
Field offtheilhyedtioni ng five famly nmenbers M, M, M3, M and Mb.

. O . the five nuscarinic subtypes, thre M2, and VB .
The inveRtiondallst (o BREPTTBHGE FUTRGREahe PT R & SHEH N fhyention
relates fo! DeWHBds KR %%W‘i‘ﬂ%%ﬂée&él& PRIMERZARE nidiSbriid Bndakidgale cells. In

for reflex bronchoconstriction in human airways and
particulargtié e¢lls mdy eaysed om thetiyeainaerd 8 ngejredated et sl dageneration.

muscarinic receptors. Airway tone is increased in

patients with respiratory di sorders such as asthma and

Backgr6ii®® thedRééitital | ve pul nonary di sease (COPD), and for
this reason nuscarinic receptaor, antagoni sts haa/? beeql,
ults 1 which the

Age relgted mlagplerdeaspergtion (AMD)s 14 Gogdiionfayndinsdderbsa

macula WHSCR th &&irfaes%?f%}soﬁﬁﬁ%gga?f?#)ﬁ%%nd %ieteﬁfhgc Fhiseldsults iéx the loss of
antichol'inergics 1 n clitical practice, “have gai ne

vision iwithtesgtabarea of eixiom qartiilalyf anr ftability e sdeefimpgethids, to read or to
individuals with COPD, and their use has been

recognigedaeifsi vi ey reviewed in the literature (e.g. Lee et
al, Current Opinion in Pharmacol ogy 2001, 1, 223-229).
When used to treat respiratory disorders, nuscarinic

AMD is desspfi el asanithegdiyi @bs-naoeastylpn)calwet (aehviasdudaryrWet AYD involves

i nhal atian. . However, when adm.ni stered by inhalatipn,a
the growhihrer SR PRSP PR R URIGRGPT PP IeRaf LBy THE off form
is more 3MmAHANhSE thie Swvedf WRR aBAR RSN dr&in® of ABAD Yatiedts Giagnosed with dry
circulation resulting in reported side effects such as
AMD. Theywetdfounn of the disepssrizsply leadetorrapissprigusosian iasar i ni c
ant agoni sts have a relatively short duration of action
requiring that they be adm nistered several tines a
Dry AMBYis abUsfly astapél dfi tht eligtasd, ind esdyngsule diome thesaging andltyinning of
i nconvenient to the patient byt al so creates fa
macularstisgaes; denostime; of pignentia dasyiasilas f satomphipatipeeti e two processes.
- . r‘ q .
Dry ot Wb B R ANRE S0 ATRI bl KiGuh S fegin 1o
accumufate froay depasitso udebsis tiah deteriocaingbtissue fprinasidk iimghe area of the
sgarinic.receptors. In particular,,a.need exists for
macula SRRl SR RObIRes BN P Wiy FEAPHlR (GRS BRey and
reduced systenm c side effects when admi ni stered by
I nhal ati on. Moreover, a need exists for new nuscarinic
Dry AMiD cagproigesss to Wett AlSthin which nevnpload vessele graw bersatiothe retina and

< en ,dos by .i nhal ati on, and i C r tQ.
eak bio g G L ke By pyr Rl ke G R RGR e Binal celts
which &e6€hhdeRatbYing ¥pote i eadAbvisidhy | cycl obut ane,

aryl cycl opent ane and aryl cycl ohexane carboxylic esters
havi ng antinuscarinic activity on the urinary bl adder

e GRS i ARSI ey i pogsion o

improve vision. Treatments for macular degeneration depend on whether the disease is in its

early stage or dry form or more advanced, wet form that can lead to serious vision loss, One
treatment method is the transplantation of cells from the healthy periphery of the eye in
patients with wet AMD into the affected area. Whilst this is effective, there is a limit to the

size of the affected area that can be treated and the operation is long and inappropriate for
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wherein Rl and R2 together with the carbon atomto
which they are both directly attached forma 7
WOoreoshaema al i phati c carbocyclic ring which mayPGBEGB2009/000917

optionally substituted by che or nore substituents

I ndependently sel ected from hal ogen, hydroxyl, G -6
most elderlyopatientskE, wNiidChe edeantagepus kg Erovdde iRpioyed Asatnegntss for both
which Ci -6 al kyl nay be optionally substituted
e or nore substituents independently sel ected

The 1nvfeﬁt%f’§ hal @ apresapded Wiiy8XiHat rBBlatepng sietihal qhﬂmyhl cellsanfay be
menber ed heteroaryl. ring, each of whi
Obtainedogd SHDI Sl PRTGYISH UBREHIA Gel Brodiis e aEa) cells. The

mvemorgg{gféggggg@%héfg%ﬁ%ﬁ@ Q%f(vg@gal\lg%g%ﬁy m&?%%owﬁ‘ ighdl hiHnay be

transplaite iR lihe cy$RIAH DR RAS8 celNRIME(aRBONe NREarh@(ll@)lz meul for the

ot NESSUCUMCTEE 5 TR0 o Sl B0 ke

t sd b gl%wns i ndependent|y sel ected from hal ogen,
ypesm%“%r oxy G -6 al koxy, NH2, NH(G -6 alkyl) and N(GC -6

aI kyl)2; R4 represents a group of fornmula (11) or

Previous(llbli_égjqz%rqf(b%lgﬂ Ogrw}%gr@t %ge{nl%ri?eisgr'?g liarﬁ?k?‘g_'zgoﬁfnal of Matenals

Science! (Maierﬂ?sﬁntlﬁedh&nb he @O@? ¥gros 1099 haie asddspolywethane hlembranes
; is -CH2 represents a group of for

to cultu(q WEM,@@]{SE pht hﬂ\fesfqyné rthat; ﬂmesqr@ﬁ? of dhe ezl brangsyyyua nﬁfé requires
venmes5 AL, F A MR LSt s

al koxy, NH , NH(Q 6 al kyl) and N(Cl-6 al kyl)2; when w

is 0, yis 0 when wis 1, yis 0 or 1; Qrepresents
Summagy offhg venti®Rg, - CONR8-, - SO2NR8-, - NRSCO-, - NR8SQR-

Accordmég@r B in entlgﬁ%%e is H@r@d’ a ﬁfenﬁﬁ'zih\é%} ﬁ%ortﬁé the growth of cells,

esents a cyclic group Cy or al’kyl “group
the mem%mndn being4substhnytiallyr Immblndggrb@bdﬁa and paltoluy, t@g porgst bgingl between

oros R P 3 PR GRS bR e o3um

t0045L§ull,kyI) N(C -4 al kyI_)2_ a cyclic group Cyc2 and -
OCyc2; and R7 may additionally represent hydrogen when
Qrepresents O NR8, -CONRB-, -SO2NR8-, -C(O O,

The mepg)ﬁ?_%mésngg%gvp&réa eozer, g% %élﬁ&l‘eat'ﬂgt ft\/r%gﬁﬁfsh i Qg%@ﬁngl%néél% once

transplafdetiihat the eyar Boake tors. subs@ntisllyandn-bind8gradativerieds meant that the

ali phatic heteraocyclic ring, each of which
membrane dD oes not degrade fory at least 5 ygears fa ?lovv?ng msertion in %/o gle body, more

forms o

preferably at least 10 years, even more preferably at least 15 years.

The pores are of this diameter to allow the diffusion of all nutrients and proteins whilst

preventing migration of cells through the polymer.

The pore density is preferably between approximately 1 x 107 and 3 x 10® pores per cm, more
preferably between 5 x 107 and 1 x 10%.pores per cm. This density allows the desired
permeability levels and also allows vascularisation. In particular the size and density of the
pores is important in order to allow the movement of nutrients from one side of the
membrane to the other and also allow vascularisation through the membrane. This is

especially important post implantation. The polymer body can receive vascularisation from
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optionally substituted by one or nore substituents
i ndependently sel ected from hal ogen, cyano, nitro, SH,
WGLEpA27BRE, NRIORL 1 , S(O) 2NR12R13 , C(O NRLARIGGB2009/000917
C(O 2R16 , NR17S(O 2R18, NRLI9C(O R20, NR2 1C(O)2R22
NR23C( O) NR24R25, OR26, phenyl and C1-6al kyl
the rich gh@qq}dal gd. d‘h1§h@ﬁh@ps vn%n@btvaggqbydgg‘gg{diettgq %XF qussell et

s, 205, O Y BADSH S 10 SORONeR g Rl s e

porosuyaﬁlﬁJfE@anﬂ.eIﬁ)L@hKMe)@er oRal, 18gd)esent s hydrogen or G 6
al kyl ; RO and R18 each |ndependently represent C -6
al kyl, which G 6 alkyl may be optionally substituted
& BR! édﬁ@ﬂétﬁ dengearwgqmﬂ ysoss%' ﬁﬁ‘@eﬂ a’,
Preferat}fi’;y th emf’r{agen qm%l it {0 1 SRR T sec”!
Speciﬁca]ly,ylthle ametnifaDe- Glydfalullb) Qqn@n@nmoo the menfzx@e mgpreferably

.R14 . R16 . RL7 | 9, , 3. 24, .
approxiggly, VRN h TS SIRICATT 012 Acem ™ Ar o T I cight
times th&h %@ﬂa{iﬁé cotthicE Rt Ruak kHculiYadiR 6P Bnadhad Ihlkfmbrane This surplus

stituted by one or nore substituents independently

conductyetb'ele tuseful sivge it atjEeial mearssag reliey entielyl pRgssivigprocesses. As

vt s R b P o 5 B o,

must alséi ol be Aimdraficege fluid pansport dunt thetbaeyl sidecofithe RPE layer otherwise
at t ached for a 4 to 8 nenbered aliphatic
the RPH) il dseaph fFi ih O SHASF HTAGR: ohtBb Ak, SFIsh GitegyFoffised hydraniic
conduct ' 8 cl’x’ H}%ﬁfb dridt 1ﬁ§h€3élc%ﬂ s BEh @Hﬁé&bé&ﬁﬁ&ﬁme pigment
epen ent y se ected from hal ogen, Hydroxyl and 6
eplthehaildlegalchmmMAMDQBHHI&/Marme@&ﬁm i onal |y substituted
by one or nore substituents independently sel ected
from hal ogen and hydroxyl; and X represents a
Preferalﬂl]‘aﬁtﬁ@crﬁb‘ﬁlbfaﬁu )hagc 66 pitéﬁhﬁdaﬁy‘)?a@fnaa iRASidH, ethylene oxide,
pol yval ent aci d ummary of the I'nvention The present
autoclaving enUNovterpizatipe sstheeirdsguading. f al 1 i ng wi thin the scope
of , but not specifically disclosed in, our co-pending
appl i cation PCT/ GB2007/ 004350 refer red to above. Thus,
Preferablf @hd mesetithnd Magid s¥aledr oy ntiesosic eal) nddishfreduehess sealing or

quat ernary ammoni um speci es_ sel ected fromth ro%p
insert meqidingt The adlows other layers to be attached to the membrane, for example

attachmgﬁg%]nﬂhaéeﬁé ali/%}g Atl g}f{y Btﬁ e;}ﬁ{rgl?éT%i‘ )exe[}ﬁ‘ﬁlg}’éde rﬁlgﬁl wish to

cyc ohep ony
attach almazaigid bivdegridall2 1&ep|sach anBLEA, (to provide rigidity to the membrane

to aid cgﬁ],qve (Ot hyI Clé?ng% r!lﬂa[zyog!?,;a?tgc %I&D%Hch cont%n]ph%frggiéo?gg?cal or
blologlcjar %eﬂ@ arfé &%%ﬂ&lgsﬁpgﬂt BfcRB&1X

heny -cycl ohept anecar bonyl oxy) -1 -[(6-triflu
oronethyl pyri dazi n- 3-

The mpbing PRI 4 aomaaBres. Jrekar sy FoRpRIaS . More

preferably RRE MYdmSrvfe ‘ﬂﬂ@lﬂie@@%@étb@@ﬂ'gjm and-11 um. The thickness of the
azoni a- bi cycl o[ 2. 2. 2] oct ane X;

membrane (Pyglecied sh asgtqﬂlk)m isfirsipn nek m;}tpylgtg,.tp allow vascularisation and also
to allow;’t%l{%) }Eﬂlegr?r t§ ig%r lﬂ? E élﬁg?@ea&geonyl oxy)- 1-

(1?2)-1-[(5- N@thyl-lsoxazol 3-yl car banmoyl ) - met hyl ] - 3- (I
-thigphen-2-yl cycl ohept anecar bonyl oxy) -
Accordingly, there is provided a membrane for supporting the ‘growth of cells, the membrane

being substantially non-biodegradable and porous and having a maximum thickness of

approximately 11pm. The membrane is preferably substantially planar and its smallest
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1-azoni a- bi cyclo[ 2. 2. 2] octane X; (R)-

1-[(3-Met hyl -i soxazol - 5-yl car banoyl ) - net hyl ] - 3-(
wazqobi1zishen- 2- yl cycl ohept anecar bonyl oxy) - PCT/GB2009/000917

| -azoni a- bi cycl o[ 2. 2. 2] oct ahe X;

(i1 ?2)-1-[(3-F| uoro-phenyl carbamyl ) -nmet hyl ] - 3- (I

dimensiem i piaferably less than approximately 11hm. It may vary in thut:lpnlesosp in that

dlmensu%y Lo ‘fapéf@lréSBﬁf;é?\QfQéﬂ 1) add- AZARiIR] cycl o[ 2. 2. 2] oct ane
(i1?)-1-[(5-Methyl - pyrazi n-2-yl carbarmyl) met hyl ] -3- (I -

The meglllg?glgﬂ]?rg q%@ yclﬁ/agl[ ghrggganecar gg?& of° aﬁ/;)rommately 1.5mg/cm®. More

preferabfy/ ﬂﬁ 'we{Z@% "Hfo{h%' lﬂeﬁﬁ%ﬁfeoi %t%&@r hWé/&ﬁt M) t.8-thl/chP. The

| cycl ohept anecar bonyl o
mlmmum tarsdn |s’aemgth wf thef Re@bipe ds mq&rably il QOQ@,-to provide enough strength

to allowi)réqF% e ugg{ Car'@} é’bﬁtﬂé@%‘ﬁ 8t eingg(h 1)s priferably 300bars, again

to allomaﬂi%nhfénJEUrﬁ%C ko [be. Halﬂléﬂcéa%ﬂ diridg surgery. The burst strength of the
-3-[1 - FI uoroh&}q nyl ) - cycl ohept anecar bonyl oxy] -1 -(p

membragg mrefmzab;br@t pashAeRai-net hyl ) -
| -azoni a- bi cycl o[ 2. 2. 2] octane X; (
)-3-[1-(3-Fluoro-phenyl)-cycl ohept anecar bonyl oxy] -1 - (i
Preferab®gxhe ﬁierrﬁarmidlﬁrl’qalmﬂilﬁmfﬁhj{d grves? ﬂle membrane good wetting capability

and allovlyé el %nglgéq:eg]q gﬁgg]ggsgrtgﬁ% cgﬁ%gs Jmh ease.

1- (pyridi n-2-yl car banmoyl met hyl ) - 1-azoni abi cycl of
2.2.2]octane X; (R -3-(

The meribiehe prefferely hak e phofettar thay isoxphyiologically acceptable pH.
1- (pyridi n-4-yl car banmoyl met hyl ) - 1-azoni abi cycl of
2.2.2]octane X; 25

The merﬁbrahe brelférabiy! dopRisBy i bahitivg 2mydt ¢ebisDawEDsH. - TRE Eodtihg 3s fleferably
- phenyl - cycl ohept anecar bonyl oxy) -

a protein-qrzarglycdpretgin, shich as Apminianmajxigel, collagen, fibronectin and PLGA
poly(lacéﬁ-gﬁgﬁlly%ygl '\%2 h%( an‘g&é{aﬂr]g fa})%é' c%ﬁ{&%g%%})arrﬂ?ctom@ulal 3t blolo gical

agent, bbur@zt@ﬁh@c&utﬁlngoﬁ{pZ)n&atZF@Cdxaﬂﬂbl@(ihe( &etiBg may include a neurotrophic
1- Phenyl - cycl ohept anecar bonyl oxy) -

agent, an anthirflagppatgry ageah Q&%Wt}?@g}?ﬁ@)\lg agedzoni a- 30
bi cycl o[ 2. 2. 2] oct ane X;
(/?)-1-[(2-Methyl -pyridin-4-yl carbanoyl)-methyl]-3-(I-
In parthnﬂaa'm_;ﬂe aating f;ﬁ‘pfeoabéy aobtaing| laKm)in especially laminin-1 or a fragment

thereof, fu%f] ;ﬁé& C clo ﬁ'ﬁit}xg %to% ing pfe%erzlbly contains more laminin-1 than
other pr&eﬁ%@&dﬂ&l&ﬁh ?iégféiﬁﬁﬁﬁﬁ@ BEWInG ¥ nipridestt QBsBBOGY flod preferably

2] oct ane X;
at least ﬂo%hbnymncyspeoiaaytlmgu@-ﬂbahmcg&twg. is preferably applied to produce a

lammm—%. %Béejngn}lgxlﬁgnﬁm l &3b Fa%g% Lpr{)%;? ¥na)cely 2[0 aagng/%blzcycl of
-[ (2- Fl uor o- phenyl car banoyl ) - net hyI] 3- (I

phenyl - cycloh tanecarbonyloxy)
Accordlgglmqtihgwdp yesidgda mepbiae dpiesupporting the growth of cells, the membrane

compns%lgl) ) %‘?E‘F’%‘h@%&%@g?%ﬁ%‘i’ox c}g@g@%ﬁoﬂﬂﬁy Ldatd b4 aPlRBst one
side witlhh eyating] cdnipridjrpclhaien-X;

The membrane is preferably made from a hydrophilic polymer. Also hydrophobic polymers
that have been made hydrophilic by shining UV light onto that polymer may be used.
Particularly preferred polymers include polyesters such as polyethylene terephthalate,
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(R-1-[2-(2, 3-D hydro-benzofuran-5-yl)-ethyl]-3-(l-phe
nyl - cycl ohept anecar bonyl oxy) -1 azoni a-
wher@yarspe. 2. 2] octane X; (R)- PCT/GB2009/000917
I -[2 (4- Fl uor o- phenoxy) - et hiyl ] - 3- (|
phenyl cl ohept anecar bonyl oxy) - 1-azaoni abi ¢ycl o
polybutzlelge zqe@@hénﬁ]@tex p?][;()l ethanes and polyurea-urethanes, in particular those

contalm%g p]%ﬂ?é/a%%og%éﬁé_ %Wyﬁ@g%lgog%ﬁogfeﬂnlélt tﬁé.?’e)) t}lat arg pc ol yes er bas Tr polyether

based; pibl)&nﬂliwuan @s Xylon; polyether-esters such as Sympatex polycarbonates such as

Makrolq»pe rmlyaéy)gpfgalh ggcgl'gﬁgzé‘ér%? | Ce?rraﬁuoroetlhenge bﬁfﬂé)’ po{ysﬂgxanes
polyoleﬁnsﬁzsﬁ aas )éfék éne? 2Rl 0Bb ?be)g%ﬁené Rland- blyoxymethylene (POM),

t anecar b
commoﬂly[lﬁm@vmyund;tr @Popt' S))bya)ndenm¢ ]Delrin alt onipaticolaclyopreferred that the

membraile [13( %1]'&%% nrﬂ‘iﬂ poqu,tf@e e Eer%héléarlgg%ppl)be{WltTr_eglgtPalate. In another
prefenea RIDBBihen WRé RRAIBEARES alde Iﬁwhpgsém}ester
| -azoni a- bi cycl o[ 2. 2. 2] oct ane (R) - 3-

1- Phenyl - cycl ohept anecar bonyl oxy) -

The meliﬂ)%a%?]l? Iu lﬁglafoiﬁrnc?%bng?{apgzj of ceiié.aﬁ?é’]ﬁﬁ%%%%lp%ferably comprises a

ane
layer oﬂcdﬂ@&mytheqnembfaﬁat ’afhe@alrlsbmyﬂnews)a any cells selected according to the

1ntende(§u§e Qiij %r azl rg(ney - }Q %‘ éﬁg%%%%ql:g?lséh%t can be grown as a
monola% %Qg W&y fétl%gle%&? ﬁ&? IBRMA P ENdotheliaPEAN M MGl pluripotent

oct ane

stem ce[l® ’KHb—déIllsl onay- @igings one & hptietyrdfaoosckes, -foe exgmple 3the cehmay be
cl.ohep %anecar on

autologqn}/sac:f S t B 2o gy mdy (%%ag @QatﬁaéispéanY li%ck into that individual or may be
cells gr(l)wﬁ %ﬁbcﬁic@l@'fbﬁpﬂi@ iRRREAYd FiipBsTOYh céll@trﬁ‘é/}} hav@ driginated from stem

henyl - cycl ohept anecar bony!l ox
cells, palzmnladybhmym @pﬂargorgg: oxteraneellx: ere the cells have originated from

IO N 9 O e TN
source, MR ad a (c2tIR@RETH Y ﬁ&&n@ﬂf&ﬂlﬁod&nént human embryonic stem cells are

1- phenyl - cycl ohept anecar bonyl o %)- 1-azoni abi cycl of
embryopic Iyt et Héen: ceﬁs More preferably, the human embryonic stem cells of the

mventl(%x dre qﬁa?an@ed%&f Hégﬁg 8%? Ct"ﬁF %E@P%ltﬂ)n B e gl‘hﬁllyoP RERY as the

ept anecar azon
method bijy(ﬂhtﬁ{gZhES(Z]chsﬂlmd iX; Lonza et al, Nature 444 481-485, Nov. 2006. The

cells may/d}r;:é#l&qurgag,!/g %é%t%gab%“la‘f“ég n&a%ﬁ%i part ]thIS 1n(vent10n is useful for

the treaﬁﬁc—?x@ ?dp%y ¥fa|t1% %woea& oﬁérﬁ@tﬁ og {ﬂe retina. Accordingly, the cells may

ano- phenoxy) - pr opyl
be retirfl mgmyntedycpl@hhplt aﬁl@: 4RBBnyelbyy pr relatedoneldthi sugh| o cells that

dlfferenﬁatf(tg fgnﬁq{ﬁ% 8?12)3( B% gvmcfhcglebfg%m ji‘o%mgyﬁhffe?n 1F1t10n of RPE cells

(retinal -RESMWesF Y& | @tﬁﬁ@@ eﬁh@fe@@ NghéX¥eHs hay include photoreceptor cells,
azoni a- bi cy ] oct ane X;

horizontgl pells( m@m@eb@ AL ;qtmgg/ga.nghﬁly pql{sg)ogher highly differentiated cells may
also bel}se&henyl cycl ohept anecar bonyl oxy) - 1-azoni abi cycl of

The membrane and layer of cells are preferably at least 3mm x 5mm in length and width.

Preferably the membrane and layer of cells are at least 4mm x 6mm.
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2.2.2]octane X; (R)-3-(l
- Phenyl - cycl ohept anecar bonyl oxy) -
wo 2400827809 f | uor onet hyl - pyri di n- 2-yl car banoyl ) - PCT/GB2009/000917
met hyl ] -1 -azoni a-bi cycl o[ 2.®. 2] oct ane X;
(/1?)-1 -[(4 Met hyl - pyri di n- 2-yl car banoyl ) - net hyl ] - 3- (|
When appjhmgyﬁhe@y $ tthést meabrangoityis @dygntageous to seed the cells densely, in

ot ] AL I ENSHALE, o208 PO il o s s

seeded db ¥l deb¥iciobRftlgde Q@(dert}élw)pm) em” , more preferably at around 250000 cells
, | -azoni a-bicycl q[ 2. 2. Zboct ane X: (R)-3-(,

per cm™ pr phagier densitly sSAep1sHI0 966%9‘?%@3}’? s per cnr’.
1- (p-tolyl carbanoyl - met hyl ) - 1-azoni abi cycl o]
2.2.2]octane X; (R)-3-(

Accordlﬂgl?h dreyd -m)pu:d)\o&ﬁbaapmoas bmryblodggradable membrane for supporting a

colony (Qf %elllgﬂ gjé:tlé 4 bg 'i%%ng a r}%r ?af celfs S Iafa Peasty one glde the cells being
seeded aQ/a?l)enélw(@&@?e%t 2009beE 8s1RkaP ¥AEt hyl ) - 3- (|

- phenyl”- cycl ohept anecar bonyl oxy) - 1-azoni abi cycl of
2.2.2]octane X; (R) I -

Also provaﬁeéﬂ%lagggﬁilgﬁ géts if}jem'ﬁ'gné/ compns%g the step of seeding

the cellslon®s Sheinderlbrah€ 4ta] c?en&t?]:ﬂ@@(ﬂme cdls fhof Y’ Dr (gheater.
- Phenyl - cycl ohept anecar bonyl oxy) -

| - (pyrimdin-2-yl carbanoyl nmet hyl ) -1 -azoni abi cycl of

The me%lb%n_%]igﬁ)%%?n% rrbe)r/r}branengl%c_(){/ il& éhrﬁ) 1y ventlon r%th]her tlﬁ cells are
preferabiyehightycditibrehtgtd ndisa sivhrag IRBE/c)ells

| -azoni a- bi cycl o[ 2. 2. 2] oct ane X; (R) S- (1 -Phenyl -eye

| ohept anecar bonyl oxy) -1 - (pyri m di n-5-yl car banoyl net hyl

[; tza to the invention, to

Also pr%vlh«f(?%?”fz-n@tih gk)g 1% 3}#‘? ulgt%] %g ayﬁl?gl?%aéaﬁo z;/clcgrdm h%/ fhe fpvent
support pleloply of yelsohept anecar bonyl oxy) -

| -azoni a- bi cycl o[ 2. 2. 2] oct ane X;

(/?)-1-[(3-Fluoro-pyridin-4-yl carbanoyl)-nmet hyl ]-3-(I-
Further Pﬂﬁf’iﬁé’d i§ ¥Gh&ieRhe Q&%@dlﬁ@@dﬂﬁ)ﬁ)ﬁlentlon for use in therapy. In particular,

azoni a- bi cycl o[ 2. 2. 2] octane X; (/?

the use of theamgmbrape i ﬂ@p&t@ﬁﬁl@é@ﬁ oqgﬂrgLape}i.mgcugar cgegeneratlon retinal tears,
macular g{g{r‘]r éﬁ)@?%@b@@%ﬁ%ﬁz bg‘?;/ eﬁﬁll %,ﬂh%b%lg “anil Stargardt Disease is

prov1ded, Phenyl - cycl ohept anecar bonyl oxy) 1- ([
, 2, 4] thi adi azol - 5-yl car banmoyl rret hyl)- 1-
azon| a- bi cycl o[ 2. 2. 2] oct ane X;

Also prc)viéed(lls %ﬁd fo?}f&llt)]%’t%go @e'l‘l? Qéxﬁngﬂgﬁﬂ# Ws)téﬂs'o{f?" [ (pyridine

am no
a) seedinpdymbam] @mBrydhecitameceks \Qiﬂ) -mitomycin C inactivated mouse embryonic

fibroblatt GYIFEN Fotirealh Soratis ds 39? TRRY Ly TBYGHE b Bindyes fbroblast

feeders 3«1@]59%1?%1&%&ty bRitleast 6X10° /cm and
| -pyrimdin-4-yl car bano I')-methyl]-3-(

b) mamnanpngrﬁlyft c«;l{sl iohre predivee spporising by following ﬁp@pbn@}% Poguivalents
thereof: 31i5h CAhENE F8g/L) Knockout Dulbecco’s Modified Eagle’s Medium (DMEM,

Invitrogen) with 20% Knockout serum replacement (Invitrogen), 1% non-essential amino
acid solution, ImM L-Glutamine (Invitrogen), 4ng/ml human bFGF (Invitrogen) and 0.1mM
B-mercaptoethanol (Sigma).
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(R) -3-( 1-Phenyl -cycl ohept anecar bonyl oxy) -
1-{2-[ (pyridi ne-2-carbonyl)-am no]-ethyl }-1-
W@ 2oni1278 cycl o[ 2. 2. 2] octane X; and (/?)-3-(1 PCT/GB2009/000917
- Phenyl - cycl ohept anecar bonyl oxy) -
| - (3-pyridin-4-yl-propyl)-I-azoni abicycl o]
The gro@mg @]llo carcapmfe(ablwfed eva)twneiﬁyéséhte@ %ﬂys post passage, the feeding

regime 1%8 |cal BX %%gy ﬁﬁq ggﬁegfqﬁ J?xg F@ﬂ% \gafthout human basic

ﬁbroblaﬁgf@pthqﬁctbp above and those of the present invention
conprise an anion X associated with the positive

charge on the quaternary nltrogen atom The anion X

Y,

The groffe B0 ﬁ%@%‘?ﬁ‘&“@%@ Ly JEAERE TG, R By e st 35
days. of the invention X may be an anion of a mneral acid,

for exanple chloride, brom de, iodide, sulfate,

nitrate or phosphate or an anion of a suitable
The cultﬁfegﬁl'éﬂﬁm?g ralglgrco?ri&?ﬁpé 8t RERIBLE, mPRl H3feRably Wikdadf B3% or at

trate succinate, tartrate,
least 209K 8RN Eunhqzrh theanediup- prefemhi}eslubt’ph@r@lr@ﬂse plasmanate, human LIF
d bgggzenesul phonat e, napadi syl ate (naphthal ene-

and/or di sul fonate) (e.g. a heninapadi syl ate),

2, 5-di chl or obenzenesul phonate, 1-

hydr oxynapht hal ene- 2- sul phonat e _or xi naf oate

The celtsl foryrd ipdgrmentech £peit Mt &1 ane aueterabdy remeked iandeplepeh onto an
| d
et} 0 i B SR S

The i nventi on reI at es to a menbrane for supporti ng the
ow h_of cells I nvent | at es

The an‘?%lOﬁdM% RQYY b erdswhgg ifhéeté IbD’swa%?Tlo Hi% OPlléfeWWe FafpgRee to the
drawmg?nd using the cells. In particular the cells may be

used in the treatnent of age rel ated nmacul ar

degenerati on. Background to the Invention Age rel ated

macul ar ggme(?eratl on (AMD) is a condition found in
Brief degeriptipy o IAWIRES\hi ch the macul a area of the retina

Figure 1S k'ﬁcfv@é’ El(?%‘lﬁﬂér%tchaﬁﬁﬁ S GIRP B £ 85 DY thelPigSeyeesiid! iadnth after

vision in the central area of vision,
transplalpfahom d@)al: yLight mierbiaph yoft 4 gewving rghoiweeaptars wish riBRgy/outer

e A TEHRERERSH UBnha, EL Rt st v

photoredv\g’mé Wege HERnaladl Btagd: cm@m Picded swes $eiss Al, nan; Br €80um. This
ere they are not supposed to be. The dry formis

demonstrgesthedneasmnehbiity plthaeelymgr im vivpsad ts ﬂWnB’é‘PIEEFtOf&PE cells
is essentt’laékll? %ﬁgﬂtﬁﬂkﬁab% Qﬁ?@%ﬁ%&%t h dr y AMD. The V\Bt f orm of

I Sease usu to nore serious vision |oss.
Dry AMD is an early stage of the disease, and nay

result fromthe thlnnl of .macul ar tiss .
Figure Ziippspuforgl Brags %ﬁ%ﬂgcalﬂ‘g@ 98 aRAlFmer 7 PI8 G¥rrch FSpTG Rurvival
HESC- lng {£Bn MBniRAE ?%ﬁénte@r she A@ht @@Qﬁ%‘ %h@{oké?:@pﬂoﬁs (thodopsin,

agnosed when ['ow sh spot$ known as drusen begin
FITC) ahd oaentymg Itlzet i gfRRFm S@amqtcgempt@emtpsalﬂs prasent WIthm the HESC-

e colf{af b Shes e po KPR Bttt RERC TGS cr wi'th ary

This derliBstafs tﬁiﬁgﬁﬁﬁﬂﬁ{té@HESC—RPE function as normal in-vivo.

Figure 3 shows dissociated HESC-RPE transplanted into 3 week-old dystrophic RCS rats
after 5 weeks on cyclosporine. The grafted human cells are labelled red with our unique anti-

human surface marker (HSM) antibody. The labelled processes of HESC-RPE-derived cells



10

15

20

25

30

Dry AVD can progress to wet AMD, in which new bl ood
vessel s grow beneath the retina and | eak bl ood and

W0 bawpd278Thi s | eakage causes permanent danmage tBCT/GB2009/000917
l'ight-sensitive retinal celfs, which die off and

s G0 s S0k B SBABAs e SRR Shcte vove

region 11(1‘1@1 BYnadn$fidd QOB CHE$ 06 Oistratdp GOV Erakspthed cé[IsGﬂérﬁEbﬂ%&o maintain
or macul ar degenerati on_depend on whet her the di sease

a good lpgel o visual Bmetion iy the &rapsplanisd gy (ReBPanede aondipasenied eye from
the samtgt “gﬁr e1g{ mlgl%g%%ﬁ% r%tatﬂlétogtrogﬁ{se'n? léﬂul krr:eh? 3114 fg.srgmr@aqn c?ﬁles per
degree (tHd® heal t hy periphery of the eye in patients with wet

AMD into the affected area. Wilst this is effective,

there is alimt to the size of the affected area that
Figure 4h0wR@ell 'fh B hrichFofARGhBh&) 1S | ong and

i nappropriate fornost” elderly patients. It would be

advantageous to provide inproved treatnments for both

Al he inventors have investigated ways

Detalle(i ﬁgstcr}pgl&n ogzgprﬁh VERLoR 5| epithelial cells may be
EXAMPREa ned and transplanted, in particular using stem

cells to produce the required cells. The inventors
Preparatippeofithe anagpbrpng menbr ane on whi ch such cells may be

d.
i o0 R O AT O B 05 e, o,

these paiteles ba§sﬂhrdhl‘@dﬁlgqmﬂies&f maemaih,athepl lgaenteditiepd ttllaelicsl MNext, the
cel]ls an erivatives there r cells
polwnertw@ 2ffafissalyed W&hg‘w\&&@nﬁ"é 1R {?ﬂn&éfilpgnwivereée‘éwng the
0 tan@ihe( ¢
temperaﬂfr@‘éﬁgifia%?reﬂgf?gﬁgfgé eth R n:en ?/Et e J)ﬁ}gﬁﬁl@ 1%% 6% )1t produces
preciselt 0@¥trolledl @O sikhesv e used poI yuretliane nmenbranes to
culture RPE cells, but have found that the surface of
the nenbranes usually requires treatnment to enabl e
The resﬂﬁﬂﬁ% nRIRE R Al thinCirBlu@h©0 BRSropeNoas POREstBOHNE Wifra smooth, flat
ranes. Surmary of the Invention According to the
surface ¢qnjaipimigperestdfepatrolicdplianstaandanumhesr ane for supporting
the growm h of cells, the nmenbrane being substantially
non- bi odegr adabl e and porous, the pores being between
Produc@@p bPKuihaktindl piginennd epithelal clls (BRBEPfronthemah @@bt-yonic
t he pore dianeter is between 0.3mmto 0.45mm The
stem cellgp i s non-bi odegradable to ensure that it
remains to support the cells once transplanted into
the eye. By the term substantially non-bi odegradabl e,
Cell cultiirei s neant that the nmenbrane does not degrade for at

e BB G P ok B Pl
1nact1va1!e8%§6usé embSfinic ﬁﬂ?&ﬁlaﬁt‘{f\f@f“)%@dc?sf (e Wit &egin@r&%hﬁfy 491 .2X10%em?)

low the diffusion of al nutrients and protéeins
or equlvmm bumpn éibewhlasu deadergr @f:llmrecmamulmgi mtbaslngHiEStienedlum which

consists %glﬁ/% lﬂg]{%e r%g%ex%% rﬁ}ghygéug?sgéf ME?\%}&? ﬁ?u?ﬁeigp% s Modified

Eagle’s Mcdheh QDlMEIbF'IMﬁﬁag&t) Xvith030%8 KchobkSut1deBirh Q6 8cdpRint Gl‘iikfltro gen),

This density allows the desired perneability |evel

1% non-gpsgntirlsasniapiagidssolitivaulaM Eefelutaming flnyitrageal {4ag/naljaman bEGF
(InVitrog%h)z gn@'@dln%”ﬁ-'rﬁéfca%oe‘tﬁﬁﬁol (Sigma). Once removed from cryopreservation,

the HESC lines are maintained for up to 74 passages with media changes every 2 days. Cells

are split regularly (1:5) in order to maintain colonies of undifferentiated HESC.
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pores is inportant in order to allow the novenent of

nutrients fromone side of the nenbrane to the other
w@r@armse al | ow vascul ari sati on through the nePGr/aBe9/000917

This is especially inportat post inplantation. The

pol ynmer body can receive vascul arisation fronthe rjc

(This ek by AR AEHos dratten KR aan SRAG TRAAD i TRA-181.

ot RS 5, e O, B ok e

karyoty a1y e&uN (ShEflt (A6 XNy =88 iShyf7i (46XBhY.i ci ent enough
Y YIQ 1?%lger et al, 1990). Preferably the nenbrane
hydraul iC conduct ance is nore than 50 x 10 10 msec 1

. I ; rane hydraulic conductance
lefere%t}antoﬁe rre rag%ighl sHprgl? er ag |y approxi mately
We haveéJoiudrihal bERC-HRPE ars rtﬂmh@i formed v@Eh. IASG colbnids imagélowed to

1 Pa 1 which ht he, hyd ti
o b ot £ Ty AT bR L G ML
togetherﬁgbpﬂa S gB&gtfjdé%gge)’ kiey me§1auéﬁﬁgihg stAsR hansdd fbml @{cel elvery 2

entirel passi ve [‘))pocesses
days to acelpeenyglagivisingtthe hasie hE$\@ n@@méﬁﬂ@ilﬂﬂfa We (ngipap by Gigy This factor

s ,.of, nutri nt diff
was Mtﬁfga‘gntﬁ%&l?nﬁlgdl?d’eﬁ“ﬁ tardgﬁ%nﬁsl?tg . ?1?16 rlﬁe{.%e EJan ﬁl?d g)}essmn
of RPE %%eélﬂ@dtlBﬁEPi@Y@ﬁe@fd&?ﬁ &€ i bepdRiinflveht hESC anttufes amween 1-2
| ymer surface i s makes sense since reduced

weeks foljatving inplemsntation of theydadly fegdingregimManbr ane in the
el derly has been hypothesised to cause pignent
epithelial detachnents in AMD (Bird & Marshall, 1986).
Followift§ efed @bhytiord, l}ﬁgrﬁa{tbd &ovg areayx dised shenhibicaliyl ubygghﬁmn of a glass
irradi ation, ethy oxj.de, autoclayin

n
pasture BIpgits Pm@z@{quewf%cﬁlﬁﬂ@n‘fesdgﬁﬁ ZPPTRECh 190 Ye?rgﬁwl Pilign the foci obtain
at least MEHRY A1 aﬂPeXerb?)lﬁ'ﬁ'%l ?Yoc@hﬁ&aé%%fﬁﬁ‘@|1é REadel RUHRsect away
frequency seal i r i nSert noulding. The allows other
surrounﬂlag,emcm-plgniantednnaeﬂmq:rtoo ta pleceresrt of pigmented @zaﬁlppéSmm tissue

culture %Chl n% ‘,B_zgﬁ L PI 8a|62ﬁ18 %ﬁgﬁfngﬁgf h@ﬁ rBi?ic?e dlluted 1:30)

or lamiriih 9A Sotgl %ﬁéﬁieﬁ fhaves la%&lﬁi ¢ash HlsteAnd tige RPE\UeIﬂﬁallowed to
rigidity to nenbrane o aid deliver

GXPand Ahtreatrigeli foe Byfurthayﬁ dayse(jrebd “@Pk%@h‘@ﬁl‘%\%lﬁ@ﬁ:’@éﬁﬁ anigus bFGF).
ol |
puios TR R0l PO ks BN, 20 PTG i

sufficiefifBdl M hﬂin@l@@@xs sheefs 6Dpf@i@ntmlt edlls ﬂangmgm}oﬂdbfl-émm Using this
preferably the menbrane thickpess is between 9 ﬂ% ;
method ] sheinoFFHE (FRPERIREIDE bPm) HaveBerBr BHB!AICCio) WP dpl 0% apgratory
W diffusion of nutrients, to all ow
foruPtégggA Itar| sation and also to all owthe menbr ane to be
easily inserted into the eye. . Accordlngly, there is

Other déf%qggr!gga?gﬂ gngfgg:gs: %ﬂ]gteglg%rlwze% rgv{nlalln 5}9 W rﬁsg({ to produce the
cells ofrlﬁﬂ%c: ﬁQH&%ﬁg%@étﬁo&nt@ d?:?iRl@ q@]@ﬂéﬁs%% Bxd MHAS-3 cell lines

ess of —approxi mately mm The nmenbrane is
(Osakadar @fad; 63610§) DiabBickerhnal, 2§, 2)]5an324)a3¢md mthods to derive RPE from H1,

7 sne ST TRRBRRE P i UG LR bR 0,212

di mension, but is preferably between 9 nmm and 11 mm

t hi ck. The nmenbr ane preferably has a maxi num wei ght of
HumarsB$ Celi Seading OntosHgniwanes yhsequentifultunedMafioght of
CllIFIthelmarrbrane is between 1.0 ng/cm 2 and 1.4 ng/cm 2.
el Hapye898 i mum tensi | e strength of the menbrane is
Using #'s&kis stifgical Galifes scisionsparevinade arvandhths tpigmgated cell clusters to

separate them from non-pigmented cell population within the tissue culture flasks. The
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to allow properly during surgery. The maxi numtensile

strength is preferably 30vbars, again to allow the
worewbnzises t o be handl ed easily during surgery. PAQEB2009/000917

burst strength of the nmenmba@ine is preferably at Ieast

OQpsi. Preferably, the nmenbran lic.
Clustersmgentrﬁaomt%ws%ﬁm gicH %‘aﬁ P ?ﬂ s inefagies this s

done nggi %ﬁﬁ%s&%&%&r@ohﬁy@@ el?ttéh%é t%ﬁ‘?b\ﬁ/%bl e coatings wth

rane preterably has a pH of 4 to 8, that
s a phyiologically acceptable pH. The menbr ane

The pigfiEl Ay L eprdnt (Posopt oed: e s JRBpsh 8 eppendort

tube. Fﬁt&hn@%eﬂtﬁﬂig@h@n af e, 00(§Je'13 ,500!rhRORR 3-§ hﬁﬁﬁt@@@ﬁsﬂuﬁngmﬂe clusters

PLGA pol y(Il acti c-co- CO|IC acid). The coating nm
are firmlys geitlodpckelmnge p‘?ﬁa | Wik c@ssoeratlngos@gtl%| is ag%rfﬁrmed The
dlssoc1a218§ tsgluélgﬁé? S‘laﬁg ?1% étg qgﬁ(%g%’ %61/‘ éTOHI g%xeg@eﬁ Dlga)%latlon Solution

in PBS asfitl'!out Elafl&taﬁﬂ'fﬁ‘ttﬁtigheé@ﬁﬂ(&gmb—ﬁﬂﬂn&m e 126 YeTiypsing @ht remainder
particular the coating, rﬁr eferably contains lamn

is Dulbegcge%mswatp atfrrerl Saling WitheytaealeRin e EpgRasTum. Fll &bsfers are
1ncubatéc91\ﬁi‘qs dhégocqgﬁ&i tﬂfn’ atBHeC ¢ fghiRfed erabl y contai ns
nore | am ni n- an other protein or glycoprotein.
Preferably the coatl ng corrprl ses at | east 30% nore

Rigour<§1r % ega%@gxé}faﬁpgéq?ﬁslﬁ?ég g‘; g&il&le%plpgt %&L}ﬁ%plgment clusters

are dis$RD Centrifut ‘%Qt‘itﬁ?% r@%éa% an IQQE)O”EWW@B for 5 minutes. The
appr oxi mat e Accor di nglé there is
©

dissocigionsotiian ds ﬁmmtedn‘elth@rt dgl,stpﬁmg thqvgpeﬂlhb vk megia is now added

and the ) s ATE R EipRp et BBl Ml of plf gensty i

done witlh a heasdcytngetél £ €hivistae and: atling@lefsii6 laswmmgmatuwtated
1. The nenbrane is preferably made froma hydrophilic

pol ynmer. Al so hydrophobi c pol yners that have been nade
hdambn%%Q%%%g&k ¢ by shining W light onto that polynmer may
artlcularly preferred pol ynmers include
Membriteks )&%ﬁt&ﬂﬂSseé usimg&slanﬂhateﬁdw hestetUV lamp for 30 minutes on either side.
| at e, poI

epht but yl ene_terephthal a
They g ghg P aeRanEah BV ok 850 & SHAHL et gty hem down.
Using t%lﬁoeelpccmz ﬁtemm&m@%a GREPENREE wRRd] B l@llﬂangaxgmg BiB8Gences) at

se that are pol yester based or polyethér
either 3’[5‘&]2 ﬁmﬁOdamu@s qﬁﬂmczksgqh yethnd) oo ayfb%mgh’e(ﬁ]gngabmeﬁ@d). Laminin

at e a S such . \Va Lan;,,
has also WEGE GRS, bV Bfl AP 38 RE SeS PR B Plieme, Ths advpsjeee of
Laminirt B5 Fikak huﬁ%yﬁmhmneeomawraat;efava&bw Qﬂlloﬁ&ng a xeno-free method
polyethylene and pol ypropyl ene; and pol nethylene
which i§ pamrgtraeneying ﬁbmﬁallm@férﬂmt@gl eérag
Delrin. It is particularly preferred that the merrbrane
is made from pol yet hyl ene terephthal ate or
Patchespof the uigmhisrtge herecyoh Imahgptlmted mtapiy &yes apd éite mteaj/es The results

enbodj nent, the nenbrane is_made from poly ste The
of transplantation are ShowRAR| HEBFeS g EAnd n G Aygowafa erpatch with

READ G RIohif {r fan@lic oS dBRohites th
HESC- nenbkﬁlzl fi)‘Tﬁlfg g%% are r%llaly %fet&any leSZ'{ﬂéc te © es He
biocompatibilitgti ofghé¢ polyhrer iimtvandad m&aheﬁnQMWenﬁMEeceihds essential to

types are any cells that can be grown

mamta"églagferﬁmgtr%ﬁ%{m%nd include retinal cells, skin cells

and endot helial cells and induced pluripotent stem

cells. The cells originate froma variety of
Figure 2 shovesean infage oé}lﬂiﬁﬂ-éePEt ¢rebiopplymenity a pég eye, after 1 month survival.

This demonstrates that transplanted HESC-RPE function as normal in vivo.
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aut ol ogous cells, taken froman individual for
transpl ant back into that individual or may be cells
w@e@en2speci fically for the i ntended purpose. HCEGB2000900917
may have originated fromstiemcells, particularly
human enbryonic stemcells. Wiere the cells have
originated fromenbryonic stemcells, it is preferable
. t the. c [ r L&h;
riane 4 Pyl DSGGFLE 1SR AFR Ll PR B2 AR RS ra
after 5 vRRFROGH BRNbsporitiETAThi eddimprattes sl tansldriededd]s evene ghilnitemaintain
pl uri potent stem cells. l\/bre pr ef er abl i t he human &
a good laya) of yisral peipnda thetrgpspianted; q¥gdRAmBATe 49 BO’BH?%%PE%W%?/YG om
t : d [ 0 : r ;
the samCAfthaf) Vi By HpsCRERGHEL g by HRBRInES [ it hnd is
reportedah cydlat peralegrbé4c/dB1- 485, Nov. 2006. The cells may be
imortalised cells such as ARP-1 9 cells In
particular, this invention is useful for the treatnent
EXAMPE.E9egener ative di seases, particularly of the retina.
Accordingly, the cells nmay be retinal pignented
Seedingopembebnesl cells (RPE cells), or related cells, such

s cells. that differenti . (n2 I . 1Gh
ReE cofl yfe et ProneRBRet pEhEIOR BRI AT f pplimil Uit of
seeding f:ehibma! diffeentyatd v¥eai) ThE céllsentte dbsE v éiaf chafiutdristics of RPE
celI's may include photoreceptor cells, horizontal .
cells, such| pss pigmesationeand coblestonc maspholegh g i resulis jage shpyip in the
followirlrget Ly differentiated cells may also be used. The
3

rane and | ayer of cells are preferably at | east

X 5mmin length and w dt Midosfopiclikaminationenbr ane
and | ayer of cells are a oA |
applying.the cglls to.the nmemis-&e, it is_advantagepus
t se%ﬁg’t“ﬁe ceﬁ%“%ﬁg%lf Y, i’fép%ﬁgeﬁr to ref§8Wat he i
il kelp m@ of tiQetehith de-drTTerenti atiNgrpholtd! | Y
the cells should be seededcellsgerdorsity of at |east
2000081lsar) s penakebeye nore pref er.abl y(BerfeatBexagon
250000 cell's per cnR' or anﬁlic’c:ﬂﬁ@:?m%lensiit% Ss[u__c{éﬁ S
300000 or 350000 cells per cngggAccordi ﬁng re
provi ded a porous, non-bi odeagradabl e nenbrane for
sypporting a col ony of cells, e nmenbCeldotsparsmtoa
| ayer 7600@el | s on Mil | east one side, the c?l lIS bei n
s¢eded at a density of at |east 200000 cef¥ @' #&r cnp.
AT PLTRRdEd 175 fL et nod of SRl Ng Cells 0 a
énbrae)llr%céwgor[pri si%1 the step of seedi ng thg'@giél s onto
t he nEmoodne atDakdgnosi)ty of 240000 cel | s POR4cn? of

|J9::n“ er The n
g&cor%ﬂlb{{?ﬂto t Rarkesh/Bast) on. FttQbher, the @eﬁ@ are

preferabty—trghty differemttated TetTs, such as RPE
cells. Also provided by the invention is the use of a
EXAMPEE® ane according to the invention, to support a
.colony of cells. Further provided is a nenbrane
GrowingceBs gn géffergnt membrgBest i on, for use in therapy. In
A numlﬁ?ro% 'dﬁJfgr@rft m&ﬂﬁaﬁ\%ew&te ttR& FRBIAD % hﬁbﬂoﬁecélr@m Mthe results
of age related macul ar degeneration, retinal tears,
are givendn tHeafbllowaigrtaidlry, choroi dem a, Leber Congenit al
Amarosi s and Stargardt Disease is provided. Also
provided is a nmethod for cultivating cells conprising
the steps of:

TNOCT

TC Polystyrene | PLGA Teflon Poly- Dacron Polyester




a) seeding human enbryonic stemcells with mtonycin C

i nacti vated nouse enbryonic fibroblast (MEF) feeders
wowraok/1zsedi ng density of at | east 1.2X104/cnR2 PCT/GBRWEHN/000917

fibroblast feeders with sedding density of at | east

_6X103/cnP; and b) maintaining the cells in medi_um

corrpri Si ng the foll ow ng G‘rﬁ:rﬁ)ents @reﬂ@@mval ents

C
—t+-hereof gh—-gHuecese—(4Ba- L ——Knoch b-Heccoss :
H ﬁ:eé{fn a eél (,\%ial an (D%Wi{g ﬁgra %%00/ flexible,
sufﬁ01ent1y porous

Mb | nvi {
KnDelieRadtersREUM |r SoaAC eNeNt fiélible] t r og ‘fl’é)u,bel%
h-essential amno acid tam n
cxfelleot | ngrowth

no §o|ut|on [mV L- G y
(1 hgiowtbgerigce 4rigripee hunanP®PEr (| mﬁipﬂo(‘}gen)

ol (Sigma)i The growimg cells |akemce Pore size
days. At ten days gost

b- frer capt oet han
preferably fed jevery two
pagsage, the feeding regijre is preferably clangdd émugh to
outine, usjng a medi ym w t hoyt hﬁ}gan
actor. The|growi ng |&Flidegre  cell
Bigration of both
di um

Pros

basi c fi brobl ag
preferably cult
preferably at |
preferably conp

dajly feeding r

t gromh f

ured for at |east 30|days,
east 35 da
rises at |

ture nedi
re preflaloabf y zad  host

ys. The cul
past 15%

| e
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ast 18% or at
ef erabl y does

| east 2009
not conpr

KSR Furt her,

se pl asmanpat e,

t he
hun

nmedi um
HFpYne cells.

e cells fo
renoved an
matrix in o
e nonol aye
tail by wa
e drawi ngs
1_shows

an
ar
exi
ex
de
ref
dr

i/ or bFGF. Th
b preferably
racel lul ar n
bansi on of th
Fcribed in de
erence to th
L1W| ngs Eioure

rm pi gnented foci.
d placed omto an
fder to alllow attag
. The invention w
y of exanplle only wi

Brief description
tch -wit

Theell@tl surgical

Hipedling, pepperties
c{eﬁﬂ?ewbg?lg very
thin (kdeethickness)

hHESC-RPE

L9WorIOR Ham { &P 2499

bf A showi gl hot or
adj acent ESC- H

ghin) i n tH®
aVallﬁ) %

Thickness
(A,
wi { A™

pl% eyeS¥h
ht np ggr aph
I nner/ out er gnent s

ol ant 411 on

eceptors
PE on

bppAyner. C |Pol ys@pnal
phot or ecept ors have degen
Scale bars: A |mm B, IQ

.eym
syl violet.
gtes the

Pore siz8! DAGpxaf@.ed 20nt R0P:
erated. Stain: cre

SHR s défbnstr

FeATLL

aln via

T cm?

Pore
l e

bi patibitit {—the poi i yigQ, and
nonolayer of Rpéagélls i s{ essential {to maint
dmmnyphotoreceptors Figure 2 i a confocal inage of

Hl:‘aC RPE an Jﬁ_l_ nL\IW‘nI’L l n I<IET-AVIIRVY)

~

b
DH-O—a\,

HPBRBAT ed ¢
psi n, Fl TC

Al
Hydro- HE‘E@IORPE form & Nei for m III\B)et adj Rent to
br_materi al

ﬂnm“mgz( phot or eceptiors (rhodo and ovérlying t he

RPE Sone phot or ecept IS _present within
Cell the CRPE cel | HighA). B domor RREigbl | s
express RPE65 ([TRITC). Th|s denonstrnates that
ali-‘ﬁmtytr‘fmsplanted HESC- RPE fungtion as norfar™n-jvi vo.

sNensLowat

Figure 3 shows dissoci at ed HESCG RPE transplanted into
3 week-old dystrophic RCS rats after 5 weeks on
cycl osporine. The grafted human cells are | abelled red
our uni que anti human surface nmarker (HSM
EXAmaﬁhﬁﬂbody The | abel | ed processes of HESC- RPE-deri ved
RPE cel®rbw@yPass the outer limting menbrane and integrate

into the host synaptic |ayers. The boxed
Morphology: was assessed for the transparent polymers using live image capture on a phase

contrast enabled inverted microscope. For non-transparent polymers morphology was

assessed by immunostaining for junctional markers (Usually ZO-1)

To test cell growth:




region in Ais magnified in B. This denonstrates that
transplanted cells were able to naintain a good | evel
wo@Roooiizised function in the transplanted eye (cROP&B200BO00917
non-transpl anted eye from tthe same ani mal). Visual
acuity using our optokinetic equipnent and is reported
A combimatioy aif dighp emcmsgmpge 11(nuilmy>cheﬁngtw avith edndogal eictosgerymelectron

a.yva rane Det ai cription of the
microso iy BHGEU EERAE T BELISEr e 8 SERE nenbr ane. Thi
pol yester filmis exposed to collinmated, charged
particles froma nuclear reactor. As these particles

Cell Viability As:awﬂ@lam#reBﬁyslésggx)er material, they |eave
d
o T AT B AR R BB s o

Briefly, By 8SginMafiltén@ad B}Qzlieﬁl’mﬁrtﬁé westduenh dnafénif rsghdedo:iwzt}hmth sandlng
et ching_solution, and t q(ﬁx posure tine to it

paper. Fllowinedkopughirmsing with IP B§I & Fxpotaentpl palymel,was mounted on the
insert wftﬁ?x%stehgﬂl Wﬁ&'aﬁh@s&@@%ﬁy BRAkY CCthorallbs, ARAY, Ohfo). To

ester a sSnoo at surface contalnlng
test suxtamﬂleys Oﬁfpod?ylttbtﬂlalhé bdsedi potpmers amd\lmmabblue selbaisbilityrassdy was

man reti nted epitheli cells (hRP
conductg s Toeasits i o8l BRFESI a0 PRSI MCBIPY A GPAUHRL 2 ollows:
Cells ar@ Ee%@edi bRtoHE Gﬁ?éré‘rﬁ@uﬂﬁcefs a8 KSw demifthsig ferdin t¥ntaining media to
l'atine and seeded wth mtomycin C inactivated nouse

allow Ophmbmynomﬂtas:hmeb’r dmlbsare(merbptqde@tdé?@ fani 24 hewwsdiongllow sufficient

w5l AR Son B YL AT LB

then inctBated f@ﬂﬁﬁle%btslzlfm tHa@rsf @l deemh fepecmepiane ntyachrbhigh the cells. The
gl ucose (4.8g/L) Knockout Dul becco s, Modi fi ed Eagl e'.s

cultures \isg) |ﬂm or| theidesigerb Hinevpariodo A9, tRke KB EASUEERGH, cultures are
9 9 3
rinsed 0{18 %%H&%W%\ﬁ% sggnﬂ%%cegl l@ﬁ&ﬁb}%&%ﬁ@ﬂ?ﬁlggm B&Bﬁeg%ﬂlymg a

spemﬁe@ Efaﬁrr(d o1 (% agktipn @fi Al@ndrBlub imBREAIBES! HoamallturSi égnal)cubated

at 37°C rfﬁ? ?{§ %S%éeggfbﬁlgpglfp%}/rxﬁ% gvat | Pqﬂ‘n[ 1{9'9(?[@ @?ﬁ%ﬁgﬁ grgg Fofour in

proporti&y SJ henuDER of FFinbTed. The @hﬂ)érnzitﬁl%' b doflebted ik 96Rvell plate and
or to mal ntain colonies of undifferentiated

analysedHES(plaBhiesdendor fisvessnnd (Bxcigtion A3MG6Pmn entiwsionatI0arm.

SEA3, EA4, . TRA:- . 1- 60 TRA-1.81. 4l .
rhe e 35 RO A S0 TP A I g e
below. E)ha"%fdlﬁéiﬁ S h\6RtRe (58l e ahd yolyestemtvefeSivdipared and
46XY) and Shef7 (46XX)) fferentiation and

the reswdtspshawinom GguneEhCARrhe mlsﬁl&ﬁbarfeob%é tnehmereshowrgbrediicgd cell
i abl colonies are allowed to
growth Wg garﬁcgwg%fﬂ\g@gegftepgﬁga MEFs. When the borders of

i ndi vi dual hESC col oni es fuse together (10 days

post-passage)--the ng_d_;_%_g,h_a_n.g_l_n_% egi-mp—i-s—changed—
fromBace evel¥ L&i4days | flstlemce e@@bﬂ?‘r‘?}gﬁpeﬁy r@mﬁﬁ)@mlal Polyester
]?gilt cPch?s?ﬁ-eHEd' a detai | epr@pove | (m nus bFGF)| ouffaks
grade
polyester
Cell growth | Excellent Excellent | Poor Medium Excellent Excellent
Morphology | Poor Poor N/A Good Good Good
Electron - - Sparse Detached/curled | Confluent | Confluent
Microscopy isolated sheets of cells. | attached attached
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was w thdrawn fromthe nmedi a because of a docunented
i nk between bFGF and repression of RPE specification.
wer@oeensed foci appear in superconfluent hESC RCI/GBR@8/000917
between 1-2 weeks follow ng4inplementation of the
daily feeding regine. Following their fornation

pi gfented fodi are exc|sdld nechp®hisal Bl,%ouslsn@ellhe tip|cells

of @ glass pasture pipette and ﬂ\ﬁﬁ I bl ades.
Thi g approachy is only practical e%is {z@&? gi obtain
at ljeast Immjin dianmeter. Duringof hippopr ogtidure, every
effort is nmade to dissect away surroundi ng,

noani grrent ed material [prior to bqtf’é:@@f?éht of| pi gment eg

~Q).

Juncm’nafov Ymuo o‘:—'ﬁmﬂé SSUE vgi{%‘_ure d sfrégs TO oqﬂ V\Yéé‘l Yes

wiT°f act or| t éduced igel (tm (BD Bi oscli ences,
Stalmngdl I uted 1:30)] or lam nin. A tot Bpolgfnei(bnmy)grﬂent ed fOCI
pl aced i nf each dish and the|RPE cells alflowed to
(Confocélxp'md on matfigel forla furthef 35 days (i.le. 5 weeks
hasi ¢ HESG nedia m pus bFGF){ During this| phase the
mlcrosc‘lﬁ@/& ila changes| are carried out every 2-3 days. This

Polantytl mﬁtfvarre is sWe§icient NVA vyi el ijmilat?I a&&ﬂidsh%a s of | Yes

rented cel|]s ranging from 2-3 Usi n hi s met hod,

(Confocélheéts of RPH (approaching 1 cmP BB mal nt ai ned
davitro in our laboratory for Up to 4 nonths. Qher
mlcroscallﬂpfer entiatibn methods and techni ques knownl in the

art may be used to produce the cells of interest,
i ncluding methods to derive RPE cells from KhES-1 and
KhES-3 cell lines (Osakada et al, (2008) Nat

These ﬁ%ﬂ%@%@ lconB@ned¥Rth-i %ﬂﬁﬁerﬁﬁt Hedd donfelal mvieroRRipy which
fromH, H7 and HO cells g manskaya et_al, (2004)

showed @bmpa@ea:nﬂu]@t presende|is mast of the-pedpyreth epgrhsed gobmngrs. In one of

e ot S5 B RO BRS E0 B BREET i B MR8

sta1mng|Uﬁ€b§lu§Hil%h@d’t§ed§ﬂ§1eleﬁbh&mﬁiomhlﬁae polgmenswethceel | cl usters
to separate them from non-pi gnented cell popul ation
within the tissue culture flasks. Theclusters are then
It is cléléf R%E S SdsPls JFRhO %Estag bd @1&6’\% $4 Qﬁé k18laBSwe, RhReSdIfester has
n-sonme I nstances, one while aspirafing
significait AV dngapen oredryotiay pbsﬂﬂpiemwﬁﬁamdmaheaaby The pi gnent ed
clusters are then collected together with their growh
media in an eppendorf tube. Follow ng centrifugation
<000 - 13,500 rpmfor 3-5 mnutes ensuring the
PLGAW%&%%GFS are firmy settled, exchan of nmedia with .
PLGA niéslyrenésawéma@ lgml gifi fmnuEs lqoéamkraqﬁdi erf{Depadmant of Chemical

ensine g T RS MR b R P S o o

Resomef®IHEH W‘Bo@ﬁlﬂgﬁ-lﬁgélhélﬁh)hlgﬁhéin@ @bfinaiyy,pand. asyimenetric PLGA
remai nder i s Dul becco s. Phosphate Buffered Salin (ie
membrapps wemsm@apw sofesplgadelsi these apthars dit&iabr2908s and 2000b; Lavik

c [ 0
ot al, 2001 HABAR. T BrinfoR R Rle APttt ABRNRen e Hmooth upper
surface Ivﬂn]l&&tﬁd)alﬂmﬂlmg delfls o popwiningcate tiith ﬂnbé)apalgemfm)nmlemlstlm@l the
are di ssolved. Centrifugation is repeated at 12,000 -
polymer{ glosso PPIONS FI9F- 5 i nutes. The dissociation solution is
aspirated w thout disturbing the pellet. Gowh nedia
is now added and the cell pellet which is then
PLGA asgmsiesiiemdadbrang was movated 6:5mnviSsning fissnswell®ias¢rts after having

remove&i the on)émaf' membrane. Mounting was achieved using household cyanoacrylate

adhesive (Loctite, Henkel Corporation, Avon, Ohio). These inserts were sterilized by
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done with a haenocytoneter at this stage and seeding
density is accordingly cal cul ated. Menbrane

wWee@par®vd on: Menbranes are sterilised using aPCEHGBREP/000917
flow hood W [ anp for 30 mlhutes on either side. They

are then placed within a culture dish and a suitable
exposur¢ nf each side trsedY dempie iy b laméner dlewhhoadsfor Ot mimues, §assage 28

e IGUTFRR B0 FhEnEmEaRLes ekl GD A gl (2D

met hod) or at 40C overnight (thin gel nmethod). Lam nin
has al so been used successfully at s

rface .
In anothgppReieht FSEBMERFIGPL Gﬂ@eﬁ&fmwaweugag SRCFRPTYANSeLiH (A gpove)-
The insdyf e 3 AR SABHThIyAihrei ANREC 62 coRBY Sl crd oo with laminin
at standamhireviing cohéenitration |Saphea- Aﬂchmlhard&svéd_énonetthealmurlzrmﬁylgelbreth-

Holm-S{Atn 80 i o G A et iz i FEa8g At 30 RPE19 at o
higher cfeﬁﬁ(t}é@f 880,600 6’65’11/&5E t® Pé?iﬂ@e ithef I00¢0nBBedee! CuBurdsi viéte endintained
bi’opol ymer patch with HESC-RPE in situ in the
with DMIEN High @neosabased REE arediartaneqpeaeski on. Thi s
denonstrates the bioconpatibility of the polynmer in
vivo and that the nonol ayer of RPE cells is essenti al
EXAMPBERRI ntai n viabl e photoreceptors Figure 2 shows an
i mmge of HESC- RPE on biopolymer in a pig eye, after 1
Coaﬁngsonth survival. This denonstrates that transpl anted
f.unction as normal in vivo. Figure 3 shows
HESC | SSocCl Ei g% HESC- RPE transpl anted into 3 week-old
The HESYSlinfes (Shief! a(dSShiefV S)V&ié heintined dk flasks wytedozitlo OilYe Gelatine and

Thi s, denonstrat es at tr ant e e e ab
seeded JrifiastY2iedgBIGHsq BRETYOBHC BPERlsRE ief Moo (e of ol 200
Cells WE{‘]aaﬂﬁﬁlta?ﬁEdeHl baske mﬁfeﬁuﬁﬁ wWhdk Is' Bd3sP |11@'Hl§ﬁ RYRsé M@IBckout

same ani nal ) Vi sual acui ty was neasured usl ng our

Dulbeccmpst dkodiBied Eaglypls @MMa@MEM,r bmirct@d) |Vﬁtlc>261%e§<q@@kout serum

replace e%g‘géﬁ) dl)‘)on r'\@f_fgqsg lggr Férﬁ ’F |F1> g‘sﬁs I& -Blutamine

(Invitro %ér? gl RRhATBFGH %Hﬁlitﬁdgeﬁf arfde@ tinhg Bfrﬁlércipt@éiharhol (Sigma). Once
Terentiated cells. The cells wer e observed for the

removed feoma sryopraseivetionf HRPE lirgs| weresnaiptained oy #dntoar # assagep with
media CF‘%%%'S\%‘S’%{% aag{%r@@l ek gqp?eghéilgi rﬁl 31&?15 Br Ma?rﬁalhrb%lomes of

croscopi ti1on
undifferSeedeédEBCgnent ati on Regul ar Pignmented Density As seen

h h
The foll()wgq;g %Lﬁg&%%ﬁéﬁgﬁéi E{yg% to th 1cr: gtlalléa%manﬂ?a%%%ereﬁ/rgtocol unless

otherwise stated: matrigel (1:30), laminin, collagen IV, Human collagen I, Puramatrix®,

plasmanate, poly-L-Lysine, and no coating as control. Briefly, each coating was thawed at
4°C and diluted in either PBS or serum-free media. Plates/inserts were coated either at 4°C,
room temperature, or 37°C according to each manufacturer’s guidelines. Matrix solution was
then removed and plates were either washed or air-dried as per standard procedure. HESC-
RPE colonies (primary colonies) were excised from culture flasks and placed into media

following which they were seeded onto the plates/inserts.

Direct observation of the cultures was used to assess for adhesion of HESC colonies and their
spreading. Observation of recently seeded HESC 24 hours upto 72 hours post-seeding
revealed that only Matrigel and Laminin resulted in HESC-RPE colony adhesion i.e colonies
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IS best = zero)* field 16 Cells too sparse to 70,000
Ni | cal culate 212,000 Light >400 0.023 270, 000 Dark

W@ owod}78e9100 0. 024 391, 000 Dar kest (best) >500P(0T/GB7(E)9/000917
EXAMPLE 3 G owi ng cells onldifferent nenbranes.

nunber of dlfferent menbr gnes were tested for |I1t
were wel gmgaghilised apd not %def?aén?r&ﬂ% i légoglrwrfn?‘?b* ihg. One

batch off RhhinR gsﬂua@l* lagéﬁgﬂaﬁxﬁlngagh&%d ¥Rt S cOaRSC-RPE

was as r the transparent polyners using |live
colonies] whgreas atpithnrd)atnh failgh aslé theoothemetatinga @l dbgemVér Hugran Collgen

Cr.os S ol ogy
L Poly-1ihgsiie JEGuminp. PRarbRr ARG b SR B SR kar
(Usually ZO-1) To test cell growth: A conmbi nation of
i ght m croscopy, inmmunochem stry with confocal
EXAMERE60scopy, el ectron mnicroscopy and cell viability
Was U assess cell gromh. Cell Viability
Culmremﬁ Kf%]ﬁ%f%ésg:e Assay): Various pol yurethane
Cell culthpd yners were bound to tissue culture comrerci al
inserts as for PLGA. Briefly, the orlglnal filter

The Shefl BESC swraeiniinedas) Tanflaskconted i wibhAdge G&é@élyeﬁﬂfir?eeged with
human fHF0RLA%R c?e??foggﬁﬁll | QM V\% d&rﬁ?c%t I d3fs gblt LAY @(I $*em?)).

experi nmen “on the InSert w't
Cells aré mmhmbdi ucjoanozHES(D-atedlmm hvelscly eorfsiste of the, foHembueg components

i SR Gt R P et MR MM, vicose

with 20(»&' @%dkbﬁﬁ/se@&ﬁ%pm@én&@ RENRERRNS, A YR8 eERntiAlViniglo Geld solution,
ensity as ['ows: The assay was conducted as

ImM  [-Glutemene ccémusomh dogteld hwman (WS frdiregan)sand a8denM -

mercapt%%lez]u}?hj gs(hp%e %fc’r{o%g %éeorng?léy%ﬁrnets%n'gg tﬁ% gg%&?‘%}%d‘ %ﬁ’dergo
media ch@ipes everyal ldays smd Etd%lﬂﬂltregjlﬁrgﬁ IOIEE)Nin oﬂ'dbe)to aﬁaﬁnﬁahﬁﬁolomes of

rinsed twice In serumfree
undiffereptiatadldRSE (asspysed hyigtainig forrihe ml‘éeas S%EAét S$%/é§=t TRA-H40 and

urs in serumfree nedia to synchronise the cells.
TRA'IS?’Ee cultures are then grown for the desired tine
period. To take a neasurenent, cultures are rinsed
once in phenol eld{ free Hank's Bal anced Salt Sol ution
Differentipign gissap %8%? éﬁr@’%g a specified vol une of 10%

We have Rhid g tﬂzﬂ(}-ﬁlt Py %1% 535 forkBh vﬂﬁg‘sheﬁhHES@ doib88s Ak@llowed

I ncubat e or 4 m ns. bl ue super nat ant
to becomé Ishp&rccmihzbnir on lfefetdersanheanoiﬂmeslme&ﬁrs p‘émdmﬂmerEﬁC colonies fuse
e nunb ivi,ng cells,

p Lgn,to t
together 358 e QS 2P RS LIeF Rl 12 G lfgd from once
every 2 days to once every day using the basic HESC media detailed above (minus bFGF).

This factor was withdrawn from the media because of a documented link between bFGF and
repression of RPE specification. Pigmented foci appear in superconfluent HESC cultures

between 1-2 weeks following implementation of the daily feeding regime.

Cells were cultured for a further 5 weeks after which pigmented foci were excised
mechanically using the tip of a glass pasture pipette and microsurgical blades. This approach
is only practical when the foci obtain at least imm in diameter, therefore it may be beneficial
to culture cells for longer than 5 weeks. During this procedure, every effort is made to dissect
away surrounding, non-pigmented material prior to placement of pigmented foci onto 35mm

tissue culture dishes coated with laminin-1. A total of 10-20 pigmented foci can be placed in
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anal ysed in a plate reader for fluorescence
(excitation 530-560nm em ssion 590nm . The results of

W b@oAL@maar Bl ue viability assay for the vari oRGI/GB2009/000917
materials are shown in thelfable below, hi addition,

h I h h ol th
cach dishand TooREE el FrAMTES BeRPRET Shaw, of %‘%ﬂ%ﬁ'r R gy 35 days
Ge. 5 wteafs V\#ﬁéé\%ﬁ ﬁ%@@' \Bedd ﬂu?ﬁ#@?}a ﬁg Yeé %e@?a' dhanges are
en are to our polyes er I'ter. These

carried ﬁumévagszaaedeysc Oftfis rtimmeedramiet ks |sufﬁspmnyttocyneld stanplayed sheets of
caI .m rosigg‘%nv\hl ch showed very sparse cellular
p1gment?ff eellsfaReing OpLt-581t he pol yur et hane” based pol ymers.
In one of the polyurethane based pol yners (solid

pol ymer) there was good cell growh and junctiona
This methed rdiffgrsb fiont eithey| mbhsh@bmsoteq@s |35 dellahel W@mswe higher

yrrer urfac cl e t d;e

sandardBQ B BHEERT KSR, GEChEPRO A ROk 8 b o
STATEMIENT, fZ 0GR o Y a8 PIEQSarve huftah TIFR@SHEH duﬂi‘ieg‘rﬂfe@’reduction of

mat eri als. PLGA Met hods: PLGA nenbranes were a ki nd
RPE cellyifram suparrenilpent ERAGCWlWgeSR.  Langer (Departnment of

Chem cal Engineering, MT, Canbridge, Massachusetts).

PLGA material was originally purchased as Resoner(r)
Dzssoczcﬁ%ﬁn@BﬂWnklﬁ@@fHﬂS’WEi m I ngel heim Germany), and

PLGA nb [
Pigmentag sl ES6ER By Wetie BBV ATIEh R PG 145  Ta5b6 000 o8 (B C-REE
colonlesl'(ﬁvfegdé?& gﬁssagg@? Tor@fth &4A4ding HESC RPHERESsIdh BERE dpRssage 1).

dchment to thé snooth upper surface
Removahof Itlm adllsowad by wirttigg cedund ﬂlelnc‘ﬁﬂin@nf?t@dﬁéanmadewd dislodging

as envi ronme ro r's 1o r
them will SRR TS ol Ares ek Rl B SPended o
HESme@ﬁfnmtﬁmﬁmﬂmbeG!F vhifiSefthé Wkt er having renoved the
ori gi nal nenbrane. unting was achi eved using
household cyanoacryl ate adhesive (Loctite, anke
poratlo v t r
mhe ceGREPRARLSR, o0NER. s Dbl ARG TABE GOl st 0 ube o

centnﬁléélmttnﬁmoftbCBﬁOprﬁl fop5 Mk toicnatile she fﬁmg ef Q&Jematant media.
ARPE-19 cells were seeded onto th fﬁ es at a
Centrifugatiey s aepegtpdopnesesspydrenabls exg qqg@ro Ssg?q s as ollows: Cells

are Wasl?e%yer tx;v*](tg E@%drfgfém.ﬁxﬂiﬁte\ﬁaa? 3RS RRLRSs %‘ifp@% Non-enzymatic

s abo Inserts as well as tissue
dissociatioh thuffer [jw/PBS YSigme #1594k agd d0%c nypsol 1 0xvin #BSH fmygsin from

with |am_nin ag standard worKki C t
Porcine RgGFRISASET S "t FTY PROIEG (LPT A ERLTBect. period of
mcubatllﬂ?I BRI RVaYe Mt AR ﬁloro%ghﬁl Qﬁtﬁhé’&nﬁl@ﬂ: REGch@edVBE end RBible cell
eeded with p30 ARPEL9 at a higher density of 180, 000

clumps c’Eidy/ aaithero condufivged nzaip to snaldn frpmewdeof the|disspeigtior puffer after

i SRR Pl B 60 JPESBLET TP ubtr

ﬁnﬂwr¢@thods The HESC | i nes Shefl and Shef 7 were
mai ntai ned in flasks coated with 0.1% Cel ati ne and
seeded with inactivated nouse enbryonic fibrobl ast

2002). Cells were
A“emb&QEE%g7w§gﬁ%igéa5| E%Fnedlun1mh|ch i s based in High
13mm polueses €l diskowith a pore size of 0.4um and pore density of approximately 1 x

1078 pores/cm? were attached to Transwell inserts in place of the original filters using a
biological grade vinyl-based silicone elastomer (Kwik-Sil, World Precision Instruments Inc.
Sarasota, Florida). The inserts were between 5 and 12um thick. The polyester had a weight

of 1.2 mg/cm?. The inserts were rinsed once in PBS, air-dried, and irradiated with a UV lamp
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Dul becco's Modi fied Eagle's Medium (DVEM | nvitrogen)

W th 20% Knockout serum repl acenent (lnvitrogen), 1%
worwvassenti al am no acid solution, |InML-Ad uteei/682009/000917

(I'nvitrogen), 4ng/m human1®FGF (Invitrogen) and 0. nM

: b-
BN 1 LI e O
stored in/fst@918 $A@ar NbwhopBdi @ changes every 2 days. Cells

were split regularly ( 1:4) in order to maintain
colonies of undifferentiated HESC. The foll ow ng

. _coat.d ngs e_appli ccordlng to their standard
Coating ﬁg%gfeggqgﬁ\z/%%@ 6’%}?7 CCF ‘fuh?f B0t her wi se st at ed:
SterilisedBistH@@ere coatd)with am)fﬂlllﬁtedthhﬁl@-& rfoF30 nhﬁlﬁtes‘lam%lagﬁﬁmm (at
|5 Puramatrix(r), plasnanate L-Lysine, and

pol no
a concerggHon wé %gg@amqa@ incuylafess 3ty3 7@ zf%lhg‘& aafmtﬁ@ HABIRIA Vs pspirated
[ Mofft
immediafly SEIRE Al SpbiifE, CHL BLdIG o IS RIS M BRI du measured
using a Netjpeks® Hamaytanda with dirgpagBhe EdddilutenuTegtnrkine staining
uidel nes. Matr, t|on was t nnved and
was usef i CGRR Bl NP Wi ueD BRI B SHPen G StnGaflg were
seeded o "afl! 41-dehGRFBPR06,000D1499,000 de Ry, §0ARA! &3k W‘&E @llowed to
excised fromculture flasks and placed into nedia
attach fofr of leasti 2¥gheurs @hd tyEgaliyetéchaue Heldrothedirshmedia change. Media was
h dgtateS/lnégéf Di rect observation of the cultures was
changed ySERCY H™ ©aft§l adhesion of HESC col onies and their
spreadi ng. Cbservation of recently seeded HESC 24
hours upto 72 hours post-seeding reveal ed that only
Matrigel and Laminin resulted in HESC RPE col ony
adhesion i.e col onieswere well inmmobilised and not
prone to detachnment even with rigourous nedia rinsing.
One batch of Human pepsini sed placental | am nins
achi eved i mobi lisation of the HESC RPE col oni es,
wher eas another batch failed. Al the other coatings
(Coll agen 1V, Human Col | gen | 5Pol y-L-Lysine,
Puramatrix(r), Plasmanate) conpletely failed in this
respect. EXAMPLE 6 Culture of RPE from Shefl HESC Cel
cul ture The Shefl HESC are namintained in T25 fl asks
coated with 0.1% Gel ati ne and seeded wi th human
fibroblast feeders (optiml seeding density of 2.25X1
05 cells per T25 (9X103/cnR)). Cells are maintained in
basi ¢ HESC- nedi um whi ch consi sts of the foll ow ng
conmponents: High glucose (4.8g/L) Knockout Dul becco's
Modi fi ed Eagle's Medium (DMEM I nvitrogen) with 20%
Knockout serum repl acenent (Ilnvitrogen), 1%
non- essential amno acid solution, InmML-Qd utam ne
(I'nvitrogen), 4ng/m human bFGF (I nvitrogen) and O | nM
b- nercapt oet hanol (Sigma). Once renoved from
cryopreservation, the Shef 1 HESC undergo nedi a
changes every 2 days and are split regularly (1:4) in
order to maintain colonies of undifferentiated HESC
(assessed by staining for the markers SSEA3, SSEA4,
TRA-1-60 and TRA-181). Differentiation and expansi on
of HESC- RPE
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W have found that HESC-RPE are reliably formed when
Shefl HESC col onies are allowed to become

waepenzmsad | uent on feeders. Wien the borders oPCT/GB2009/000917

10.

. AdBSembraneufass sepnoRkieg, the Dgigedk so

i ndi vi dual HESC col oni es fu8e together (approx. 10
days post-passage) the nedia changing regine is
altered fromonce every 2 days to once every day using
t he basi ¢ HESC nedi a def{?hial ed above (m nus bFGF). This
factor was withdrawn from?™E nedia because of a
docunented |ink between bFGF and repression of RPE
specification. Pignented foci_ appear in superconfl uent

i f? @p]l%wﬂmg membrane being non-

.. mpl enent at i.on_of e [ ' [
wicfeivancrop SRl fkGte bohug BRI pbiRl ety 8.0 o 0 ©.Spn
ih 9fdmet&t € exci sed nechanically using the tip of a

gl ass pasture pipette and mcrosurgical blades. This
approach is only practical when the foci obtain at

e I [ | t.er enref i y } Gk abetween
A oTRAnRR, BofBIE 6" AT fhitelt BV phe TeRAY ¢
Pppanadaes;] VB ryd 81 ttpores perde. t 0 di ssect away
surroundi ng, non-pigrnented material prior to

pl acement of pignented foci onto 35nmtissue culture
A1 5866:260 aa%@@r_di’ﬂgt B Laymppédddihg AaiPivileréth th-mémbrane hydraulic
pignented foci can be placed i neach, dish and the RPE
meltcameof Hid owabrane iewprettian 50 240" om s9edPam for a

further 35 days (i.e. 5 weeks in basic HESC nedi a

m nus bFGF). During this phase the nedi a changes are
£ binBFhne UiccBMBlyY t@-anydpyesedidflickiini whkrenithé snembrane may be
sufficient to yield nonol ayer sheets of ag,ir%'nentrjg Tiati
geilised rtan gamna ispdistionmathytenes oxiden gtoglaving or {{/Ypsterlization
other .puhlished protocols as follows: 1. W use a
¥i (hué Idggllf')ihm X

andar di sed concentration of KSR (20% as
opposed to 8-15% vari abl e by Lanza group) STATEMENT.

gh@evrgbrggﬁgq%% 'ﬁgfop%géa@g&%ﬁ@ cfl%g}r:]a@flgelég _tlgem%t%% sealed
@I%Mo%?c se@é Q548 Rl AR NRIA M OhIdHESC- RPE

gnent ed - RPE were harvested fromeither T25
fl asks contai ni ng HESC- RPE col oni es on feeders

0) o find i ng HESG: RP . .
Csab o pcsedns 15 PR PPy & Sasipfl thickness of
’?éﬂb%{iﬁﬁte?}‘ pypd. themwith a sterile microblade and
I's

odging themw th sterile pipette tip. HESC
col oni es/ sheets were then aspirated and suspended in

HES nmedi um - bEGE (Wi ) I hafug t
BB PR Rt e B taY drectbie pilth Pl of Slaniifin Nt of
S Rvkithabeldli Snighcrd®. t ube and centrifuged at 2400 to 3600
romfor 5 mnutes to enable the renoval of supernatant

nmedi a. Centrifugation was repeated as necessary to

n 2YVEh &isthydrophilic.
%@%@%@%ﬁ%@mﬁ%gg@rﬁ%&g ﬂ{gﬁcéﬂﬁll’ fr‘@ﬁt)at ed Igt&hg% for 20

m nutes in 90% Non-enzymati c di ssociation buffer in

PBS (Sigma #Ch914) and 1Q% Try.psi,n 10x,in PBS (Tr |
ArOHIRINE Rorr Rk & wagredstiet R ik mppptde BEving KpPSH fio 8.
concentration 0.25% . Followi ng this period of

i ncubation, cells are triturated thoroughly unti] )
Aompinbtank pceurdipgrideayipreceding\dlainh [tee BEMbTAIe (RRRPIISIg] coaling
are then cglﬁgrifuged again to enable renoval of the

o9 akisest AR ¥Chut fer after
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which the cells are resuspended in HES nedi um - bFGF

and placed in a 370C i ncubator until further use.
wo\s®enisyy of pol ymer sheets onto cul ture i nserPGI/GBRGOR/000917

pol yester filter discs with0a pore size of 0.4nmm and

ore it ._appr Qxi ly.1 x A8 res/cp? .were_ .
11. BPGEREHR, SrPandid) PoLf: dotreln B8 codBfing s “rpigfin dpatrieel
fiblohedtim a+PL®A a bi ol ogi cal grade vinyl -based silicone
el astomer (Kwi k-Sil, Wrld Precision Instrunents Inc.
Sarasota, Florida). The inserts were between 5 and
i i t c . .
12. SATRB A focorlhe RECHETAG br 1E bolhuffiled L piaphecdofi® (i brologica
ageng boendt the toatmgdompangitn a | am nar-fl ow hood for 30
m nutes each side for sterilisation. Sterilised
inserts were then stored in a sterile |lamnar flow
B g e ORRg & A BIORUIRG Sl (B ToRPrithe 4 Fer of cells on
b memeddateani nin-1 for 30 minutes at 370C. Lanminin (at
a concentration of 43ng/cnR and incubated at 370C for
30 minutes). Laminin was aspirated i medi ately before
14. Aehdmisesslidegrditeiol clABNS, Whefdin tecchiEale rHitkl desPARR R1s.
was mneasured using a Neubauer(r) Haenocytonmeter wth
Trypan Blue 1:1 dilution. Trypan Bl ue staining was
| ke | k. .viabilidty ' eat er. t.han
15. §36fnbenC 00RAL 38 ot 28 ekt 4 EL R HHAER Rliph Blimented
apéthelidlywelld. 200, 000 - 400, 000 cell/cnR. Seeded cells
were allowed to attach for at |east 24 hours and
typically 48 hours before the first media change.
! _ o . 1
16. A rren%n%?gerglae&?lgr Esup%%ﬂﬁgv@ﬁééﬁg%oﬂiﬁaﬁ celrfag% @dt {?gs'
menbr ane bei ng nonbi odegr adabl e and porous, the pores

ei ng _bet ween. appr oxi el 2 nd .0, 5 in
17. e SSSTT Brany ety b5 I 1o "R HivAES Sopuialpgpus
the pore density is between approxi mtelyl x 107 and 3
x 108 pores per cm 3. A nenbrane according to any

1. fbm@umga@pﬁlfimﬁ tohasryepracading #@iﬂbr\ﬁh@eiﬁym mgimibgane is made from
AR08 OB Bol Sy Eob 0, e

a| apolymaiieei Nat heolesier-@ser, Taya bepslyefbdiasgd by JpsyEcrylate,
irradi ation, ethyl ene oxide, autoclaving or W
Rl ueRoPRnG: & Rolysilrene.adratyplein, apd palyexwnethylene.
according to any preceding claim wherein the nmenbrane
may be seal ed by ultrasonic sealing, radio frequency

19. Beakserf @omembsanectacounding wganybof damesrbrtané, «csuppditngcdlony of
any preceding claimhaving a maxi mum t hi ckness of

B roximately 11mm 7. A nmenbrane according to any

precedi ng cl ai mhaving a maxi nrum wei ght of

approximately 1.5nmg/cm .
20. A membrane according to any of claims 1 to 13, for use in therapy.

21. A membrane according to claim 13, for use in the treatment of age related macular

degeneration.

22. A membrane for supporting the growth of cells, the membrane being substantially
non-biodegradable and porous and having a maximum thickness of approximately

11pm.



8. A nmenbrane according to any preceding claim
wherein the nenbrane is hydrophilic. 9. A nenbrane
w@ewonzlisng to any preceding claim the menbraneCTiaBReg/000917
a pHof 4 to 8 10. A nenbr&éne according to any
preceding claim the nenbrane conprising a coating on
23. 4 membrangner syugporting thenerrthnef aetgr thengehbradeaicomprising a

in th I,ng_i,.s. |l am nin trigel
b5 S0 Bl o TRt e g i
¥0thor cdeting comprisisg Rgniainphar macol ogi cal or bi ol ogi cal
agent, bound to the coating conponent. 13. A nenbrane
according to any preceding claimfurther conprising a

5 aa f : t 4 .A menbrane .

24 aAc%%Ehc? ignog;crs tg Jéd“z% g(%nr% d}go aﬂerg’%ﬁe £ %I@pggpggheﬁ’:@ PEsseding the cells
dufoi theewtbrarel at 8 derdsity ok 200000 eslk poe c@F di fgafen cl ai m
14, wherein the cells are human retinal pignmented
epithelial cells. 16. A nenbrane according to claim
13, wherein the cells are imortalised cells. 17. A
menbrane according to any of clains 13 to 15, wherein
the cells are autol ogous 18. A nenbrane according to
any preceding claim wherein the nmenbrane is nade from
a hydrophilic polyner selected froma polyester, a
pol yur et hane, a pol yurea-urethane, a polyam de, a
pol yet her-ester, a polycarbonate, a pol yacryl ate,
pol y(tetrafl uoroethene), a polysiloxane, a polyolefin,
and pol yoxynet hyl ene. 19. The use of a nenbrane
according to any of clains 1 to 11, to support a
colony of cells. 20. A nenbrane according to any of
claims 1 to 13, for use in therapy. 21. A nenbrane
according to claim13, for use in the treatnent of age
rel ated macul ar degeneration. 22. A nenbrane for
supporting the growmh of cells, the nenbrane being
substanti al |y non-bi odegradabl e and porous and havi ng
a maxi mum t hi ckness of approximately I | mm23. A
menbrane for supporting the growh of cells, the
menbrane conprising a substantially non-bi odegradabl e
and porous support |ayer coated on at |east one side
with a coating conprising lamnin-1. 24. A nethod of
seeding cells onto a nmenbrane conprising the step of
seeding the cells onto the nenbrane at a density of
200000 cells per cn or greater.



