WO 20091127809PCT/GB20091000917 1 Membrane Field of the Invention The invention relates to
a membrane for supporting the growth of cells. Also, the invention 5 relates to methods for growing the
cells, producing the membrane and using the cells. In particular the cells may be used in the treatment
of age relatef gw}é?saﬁgeneration. Backgrounq to the Invention Age re‘i’gfg&ﬁ%%@ﬂﬂg‘?”a@generation
(AMD) is a condition found in elderly adults in which the 10 macula area of the retina suffers thinning,
atrophy and bleeding. This results in the lossfedn¥igade in the central area of vision, particularly an
inability to see fine details, to read or to recognise faces. AMD is classified as either dry
(non-neovascular) or wet (neovascular). Wet AMD involves 15 the growth of new blood vessels in an
area WiFiebdthevhadmvattiupposed to be. The dry form is more common than the wet, with about 85-90

percent,of AMP Rafieais diagnesasknail dey AMR-ThemeLiorm b lomdisassensiallileads o more

serious Vision loss. Dry AMD is an early stage of the diseaSe, and may result from the aging and
thifning @20 tnaeefndssihaeoniss ShenerBrppsrrErnm five RraebirRcoRne HRSINRRI GRS e two

processgs: ik MRGHN Hepenatalion isdiagnnsedrberypiowishspapinauieas drusen begin to
accumulate from deposits or debris from deteriorating tissue primarily in the area of the macula.

Gradual central vision loss may occur with dry macular degeneration. 25 Dry AMD can progress to wet
AMID, igaehishuaiibdedvesaria grow beneath the retina and leak blood and fluid. This leakage

causes permanent damage to light-sensitiye, retinal cells, which die off and.create hli ots in central
vision. ﬁ%%fﬁﬁ%‘i%&ﬁ&?%‘%e ?3%%up°r%§§mll%ead%nu %%%Wgégﬁé%%%ﬁgyfﬁeﬁy I sggr%%ression or
30 tmproseulisioes Sfehemeins iuﬁmﬁd&ﬂ&dﬂ@%rmi@uﬂdépgﬁd@mhgﬁéh&ﬁe tiedesseds in its early
stage of ol el advacadoneldnimibal semigadioeeibHa IaRLORS- QR elgament

method IS the transplantation of ¢ e healthy periphery of the eye in patients with wet AMD

into thetgflemtisd Basa. 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 'NO 2009/127809PCT/G82009/000917 2 most
elderly patients. It would be advantageous to provide improgﬂed treatrgﬁnt for both forms of AMD. The

inventordR s Floeifighas SiRey S AR S RN AP LRERERT LRl involves

15  the growth of new blood vessels in an area where they are not supposed to be. The dry form
is more common than the wet, with about 85-90 percent of AMD patients diagnosed with dry

AMD. The wet form of the disease usually leads fo more serious vision loss.

Dry AMD is an early stage of the disease, and may result from the aging and thinning of
20  macular tissues, depositing of pigment in the macula, or a combination of the two processes.
Dry macular degeneration is diagnosed when yellowish spots known as drusen begin to
accumulate from deposits or debris from deteriorating tissue primarily in the area of the

macula. Gradual central vision loss may occur with dry macular degeneration.

25  Dry AMD can progress to wet AMD, in which new blood vessels grow beneath the retina and
leak blood and fluid. This leakage causes permanent damage to light-sensitive retinal cells,

which die off and create blind spots in central vision,

Treatments for AMD are at present limited, but some treatments may delay its progréssion or
30  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
treatrment 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



obtained and transplanted, in particular using stem cells to produce the required cells. The 5 inventors
have developed a membrane on which such cells may be grown and which may be transplanted into
the eye, along with the cells. The membrane is particularly useful for the growth of retinal pigmented
epithelial (RPBQ)ZB%"H%’Wa derivatives thereof, butzother cells types may a %Tb%ﬁéi}gwpﬁl@ Previously,
cells have been grown on membranes. Williams et al., (Journal of Materials Science: Materials in

Medicing, 46 4305)408%s, 109uheve useshpebstetoane MrmhnRoesdareativng RPE Welis, but have

found that the surface of the membranes usually requires treatment to enable cell attachment. Other
groupsﬁqﬁi}é‘tfé%{fyolyester membranes. 15 Summary of the Invention According to the invention,
there isppeovidegia-mambranedossup postinglibe griukhmehtaltsintieepitheiirhrellseingysbostantially

non-biodegradable and porous,.the pores bein tween a inately. Q.2pML2080- 5 in
diamet«g%.t%’?g ePﬁ§|§%ﬁs &g?%d;flg ea%eﬂr:%s &tw e%?%‘.\{fj%rﬁ ?%D%%(%E]%m Zoegfhe membrane is
noti-bideegratabivdderdureithatetvemeains whidppon tsllceiry dacaaranapianbidhimethe eye. By the

term substaniiaily an-biedsaraialicih o eat 1t hemembranadesanplaeatads fi al least S

years following insertion intd the body, more preferably at least 10 years, eyen rré)oﬁ{b% preferably at least
15 yearmooslThigtrek pigmentedscaidisiak (78 B SRl handiflssisrivra A feME SRFDSEins whilst

prevenl{iﬂ&m?gg@ggmghrough the polymer. The pore density is preferably between
approximately 1 x 107 and 3 x 108 pores per cm, more 30 preferably between 5 x 107 and 1 x

108.pores per cm. This density allows the desired permeability levels and also allows vascularisation.
InjpartipuiaidhassizelrNEkdensity githe poresdsimnpestaviiorer w.aldwie eiodteeiatsof nutrients

from one side of the membyrang to t Is risa mbrane.
This is g’;ﬁa’I@E?él Eﬂﬁ’ﬁ%ﬁélﬁ p%%?ﬁrﬁg%aﬁgﬁé?i ZB%@%& %?ﬁyg#%%ﬁgﬂﬁﬁ?on from WO
2009/127 S09RE TREE26651 000 have3ftmadithat Hor ottt of Thespemstiserss s8Nk iFeAelcvascular beds
outside g a5 (Gasanl Séﬂ?%&%eﬁ%iﬁ&%&akpéﬁg% Saenn kel A29%:Reter et al 1998) but can

only occu e porosity Is sufficient enough (Meager et al, 1990). 5 Preferably the membrane
hydraulic conductance is more than 50 x 10-19 m sec-1 Pa-1. Specifically, the membrane hydraulic

conducianee.ofing MemRiahfess preferably approximately 33mLimin/cm2. This is equal to = 801.21 x
1049 m sec-1 Pa" which is eight times the hydraulic conduc 'vig ofa/oun mac%c d \{eric Brach's
A Rt sl

membraHEOrhng $o B S REHIRTC T 1S HONdPdiA RARAHiAR MDA Bhes Bhtifely on passive
processgs. MsmRave hasbeingrakiaity maditdegaiuiindadiihewy cilyipycelsig tbetwsal nutrient

diffusion, it muyst also.not be Bi drance.to fluid tra t from heé? Qg ;ilg afihe R¥Elayer
otherwié‘Bf‘l’ﬁ’é‘‘ﬁ”?’tﬁ%vﬂ?261l aaéjf?ﬁl ré)llﬁnfﬁlé %o ymer Slf??glgé‘%f% i Pﬁ% esgger?se gl)nce reduced hydraulic
conductiyitydsfiBrach's membrane in the elderly has been hypothesised to cause pigment epithelial
detachments in AMD (Bird & Marshall, 1986). 15 Preferably, the membrane may be sterilised by

gamma irradiation, ethylene oxide, autoclaving or TIV sterilization without degrading. Preferably the

membraffe rmepbessedfeamybintdesrediblsctaings teidat dy uenelps dalifgReTt the cells once

transplanted into the eye. By the term substantially non-biodegradable, it is meant that the
membrane does not degrade for at least 5 years following insertion into the body, meore
preferably at least 10 years, even more preferably af least 15 years.

25
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
30 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



20 insert moulding. The allows other layers to be attached to the membrane, for example attaching
pharmaceutical or coating layers to the membrane. For example, one might wish to attach a more rigid
biodegradable layer, such as PLGA, to provide rigidity to the membrane to aid delivery. Alternatively,
layers may BECattAUREE Hhich contain pharmacolggical or biological agerts T SHRYEIEWhich support
other cells. 25 The membrane preferably has a maximum thickness of approximately | 1 um. More

preferably the relianadhickiess isheieen 9 voh anstilbiibedT betdidekine sgeqf trsethembrane is

selected so as tg allow diffusion of nutrients,, to allow vascularisation and alsq to e membrane
to be e%il%%e??é‘acﬁﬁt% ﬂlfeﬁg)%’ %gc%r%llr%%%’ %%%r i%t 6?01\?%%%%&% hiem llg nggfl'c]‘)%vsklﬁgborting the
growth péeeits ithaiffteabeaneshdMgmasbstabti®fPhon-biodegradable and porous and having a
maximum thickness of approximately 1 1 um. The membrane is preferably substantially planar and its

smallest WO 2009/127809PCT/GB2009/000917 4 dimension is preferably Jess than approximately 11
Inn3 It nPagfeablyinthiciomdysin thedranie esishiclrCs israhsigbiyavefilednld pnitafer115¥m thick. The

membr@%@ﬁ@iﬁgﬁb'ﬁwa&éﬁﬂ%&n lﬂfdgxaim%ﬁ@%ﬁnqﬁﬁlmﬂem%m@mmrep%@é@iﬁgably the

weight of the membrane is between mg/cm2 and 1.4 mg/cmg. The minimum, tﬁnsile trength of the

membrAREr ekl ook to%%ﬁo@%éﬂﬁhgﬁi%% 18 aIBWsSroperiy Bty &8 ery. The
maximu i3 Rsll 8 iranal Bdsdptefarplbly 3 0abalssagaindivalio Brivt meeibbane. (Dheshasidied easily
during surgery, The burs} strength of the m mbr%ne islp efera%ll)élat I%ast 139 si.(}losgégf%[tgbly, the
membr&AERCHYI OIS iR ﬁi@cgi\%% afﬁbgﬁﬁ%f SPRRE So00 Wetting capabiity and allows attachment of
cells angdthebeiagisdbiecnatinte ditheedse! e mdpibgaet preferablymatiznyiditihdan & that is a
Al MAC eI FiR R I NERIBNe SIS PN BRRGEPRIGANALIARS! One S

The coating IS preterably a protein or a glycoprotein, such as laminin, matrigel, collagen, fibronectin

and PL@® B8E (miltidetecly frsolichacphlyiee Sufansg Fhis mpletomprisiner pRANASABIBEIRYS or biological
age”tat?c%#@éﬂc{%@reo‘foéﬂ{&ﬂ’gf%ﬁéﬂ%}%%iﬁ%@éﬂ&@}%ﬁ%%@ﬁwdﬁ%wlmsaas@%g%@phic 20agent,

an anti-inflammatory agent, or an antlanglogfnlc algent. In particular the coating preferably contains
laminin,ceifhelishAgtashmertsinAIHGHd S L&f8%hs IgVAV. In particular, the coating preferably

coptains more laminin-1 than other protein or glycoprotein. Preferably the coating comprises at least

30%, more preferably 25at least 40% laminin, especijally laminin-1. The coatipg.is preferably applied to
produce” ¥ {EFAhn- Hi FESRPEARS BiEh em%tﬁfg}%gr&e ‘?)‘f apProximAte yaﬁﬁq%gp.gi?élrg}fmé’

awtoclaving or UV sterilization without degrading.

Preferably the membrane may be sealed by ultrasonic sealing, radio frequency sealing or
20  insert moulding. The allows other layers to be attached to the membrane, for example
attaching pharmaceutical or coating layers to the membrane. For example, one might wish to
attach a more rigid biodegradable layer, such as PLGA, to provide rigidity to the membrane
to aid delivery. Alternatively, layers may be attached which contain pharmacological or

biological agents, or layers which support other cells,

25
The membrane preferably has a maximum thickness of approximately 1lum. More
preferably the membrane thickness is between 9 pm and 11 pm. The thickness of the
membrane is selected so as to allow diffusion of nutrients, to allow vascularisation and also
to allow the membrane to be easily inserted into the eye. .

30

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



Accordingly, there is provided a membrane for supporting the growth of cells, the membrane
comprising a substantially non-biodegradable and porous support layer coated on at least one 30 side
with a coatir;g com rising laminin-1 The membrane is preferably made frgm 2 hyo(l}rgcl)&)gnig] polymer.
Also hydrop Sht ’8&7%’ rs that have been made hydrophilic by shining e ﬁ& BAtO that polymer
may be used. Particularly preferred polymers include polyesters such as polyethylene terephthalate,
WO 2089412580 3P GrEFEERP184 00 Afppolithatblienéterefihthataterpoty thethease Sradet
polyureg-urethangs, .in_pasticilar those containi I nate and polysiloxane, and those that are
polyest Wﬁ@&’cﬁuﬁlg’l e%ﬁeégr’bg %88‘;’%6&?}%(%? %5(??%% r%)lon; polyether-esters such as Sympatex;
polycarbonates such as Malcrolon; polyacrylates such as Perspex; poly(tetrafluoroethene) (PTFE);

polysil %%eébpa(z{xogé%a&ﬁm@ss Polysiviene,ansipolyRpBRMERS AN Polyerpnetviene (POM),

commonly known under DuPont's brand name Delrin. It is particularly preferred that.the membrane is

mate fropfepdiyethy|reduraiithamedr sy subperrsterd shinglse. Mdnbha&giarerrtif embodiment,

the membrANG I S-MAdafomIPohas BleniftARa pRmRIBRE Nbsefubipigiowinguptiayenpicells. The
membrane preferably comprises a layer of cells on the, membrane. The ¢ I}Ipsr may be any cells
selectet? FHOF BB ABTRETRISE VisE 6 BRSPS %tﬁﬁl%%ﬂ?. Pfﬁ%‘@@ t)?éggaﬁsr’ea%ar‘ﬁ} cells that
can be groywwashe mendiayer antdriciudedetinicéilsngkinmgetls aite dndsithettaktells dhd induced
pluripotent stem cells. Tt‘lﬁ ceyf,eggwooriiginate from a variety of sources, for example, the cells may be
15 autgfslél ﬂaél%éﬁlgfetfg oM an indnvidual for transplant back into that individual or may be cells
grawn specifically for the intended purpose. The cells may have originated from stem cells, particularly
human rvani I vg-ginated e ! itis
preferagfr(i:\g}ltgf%‘%i hﬁ%@?@eﬁ#ﬂﬂ)ﬁ%ﬁﬁ% i[gir?-égrﬁ%@ryonic soﬁgi%% éﬂ%ﬁ@?ﬁ%ﬁgﬁﬁn a preferred
embodimeéatlavratrchm efirelinend edig drairpble ABHASAIY ITASBtent stem cells. More preferably,
the human embryonic stem cells of the invention are obtained by means other than the destruction of
human embryos such as the method of isolating hESC disclosed.in Lonza ef al, Nature, 444:481-485,
Nov. 206 mrrateane Rt B Gradhiodd fisteeidh 28R ﬁ@aﬁglfﬁﬁpﬁaﬁ tdtifar, this invention is

ugeful for the treatment of degenerative diseases, particularly of the retina. Accordingly, the cells may

25 be retinal pigmented_epithelial cells (RPE, cells), or related cells,-such e [fferentiate to
form RJ@%@&?&WF@#&% Fﬁﬁrgg%g?natﬁ%a%?ﬁeoreﬁ%r}aet&llaﬁogf Iilg% c’% s?r%%?%a#?é%é% s) or
precursersrtreof. Sutcoptsemaysindludelphitevepigeicctisldgsnz divraneetis, anfalbkiRé cells or
retinal ganglion. cells,.Ot IRy differenti : iologi
%fgyggﬁt&%é%g géggfz?ﬂg gégfﬁﬁ?hﬁ%%@ilé PRy, AlSA BEUSet 3RS biclogical

2009/1 ( en applying the cells to the membrane, it is advantageous to
seed thegeatidolanbilyhirconting roramueatifonikemplsdtbe sratiu Das iapute ansyr 8R4y, the cells

shoyild be-seeded:atmeensigghatigast 200000.se8s:Ralgem?2 , more preferably at around 250000
cells percrn2' or a higher density such as 300000 or 350000 cells per cm2. 5 Accordingly, there is

provided a porous, non-biodegradable membrane for supporting a colony of cells, the membrane
having glayenaiselisomaliigastanaisideotasellatitingespadsity alamitdnditprof diigasn200000 cells
per cm2. 10 Also provi is.a_method of seeding.cells anto,a membrane comprising the step of
seedingﬂi‘ﬁ’?clfeﬁgcgn?ﬁ fﬁ?f?ﬁéﬁ&%ﬂgc&fﬂ& %Sﬁ&%ﬁ%ﬁ&%@’eﬁ%&‘?‘ cm :gr'%%gg%g% aelfmembrane
is preferaldy mortmbrgiyecacetidiMyate:tidy thentmimgrortpeisehat besiis 3% prester atsieragly
diferentajed cell, s S G AR SIS0 PAR GG, BYRIRIRNYOR itaey SRRl emembrane
according %Sthe invention, to Support a colony of cells. 5

laminin-1 concentration on the membrane of approximately 40 - 45pg/em”.

Accordingly, there is provided a membrane for supporting the growth of cells, the membrane
comprising a substantially non-biodegradable and porous support layer coated on at least one

30 side with a coating comprising laminin-1.

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,



Further provided is a membrane according to the invention, for use in therapy. In particular, 20 the use
of the membrane in the treatment of age related macular degeneration, retinal tears, macular
distrophy, choroidemia, Leber Congenital Amarosis and Stargardt Disease is(grovided. Also provided

is a method %?3&?%3}@& cells comprising the steps of: 25 a) seeding hubfak e%%?{ﬂé}ﬂ?é”stem cells

with mitomycin C inactivated mouse embryonic fibroblast (MEF) feeders with seeding density of at
least 1.25184tem otchspman diby optdghieaess with sedoine:decthiy«ef ainlepsttiXhO3fbos2; and b)

maintaining the cells,in a medium.comptising the following compongnts or equivalents eof: High
gIucosec?ﬁ%ﬁ}ﬂg@]%gﬁ%tu?ﬁgﬁb%}g ég}pﬂg’dﬁ#é% Eja(l% &5 fi\/%;} i Péﬁﬁ?ﬁr Z?BQF#V?trrc?g ; ne)mv%th 20%
Knockobiasgumilyepides sacntginyion gmiyeits-noare ssantialb ampatsacgelyotabioratansvi aslutamine

oo ARG MDY Calh (R BQURR) S e SEREPRIRH B b B, T

growing cells aré every two days. At'ten days post passage, feeding regime is

preferabglxisfipedtsia aunilpolvedirisroutrt, RRiY @YU RNditholre RS c @5dBlast growth
factor. THEHMNEEEIS BlEPisiembY GHitdradderviileas3Q daxruneie pugterabmat deast 35 days.

The culture medium preferably comprises at least 15%, mare preferably at least 18% or at least 20%
KSR. FERfET bR hiBefaHppaekasiy ioe draniarkinice Rbdmicar (iR el BanePBEGF. The

cells forpepigmpaieddpaint e Dehirey eferablyiampyedsand placed onto an extTacellular matrix in
order to allow attachment and expansion of the monolayer. In a first aspect, there is provided a
membrane for supporting the growth of retinal pigmented epithelial cells, the membrane comprising a

sulistariiad yreesbiniedisgradiabiier mpmgwbsapmblhy%cmwmmﬂéa@&ém@@mgiwﬁh a coating
comprising.2 AYcaRoieH, WIEKEIR{S RO APAN, ol e BRI 13k SUARRKRE I8 RRween L X

107 and 3 x 108 pores per a second aspect, there i1s provided a membrane for supporting the

growth ftended tire afchsorsmbaomprbieddla Jhsselhtdip aeneBloely RS DSRFOYERS Support layer,
the pores heingelneas i wnANdHS Wi indrmeteh wheleindhe pareidensityniipsiaares in the

support layer iS between | x 107 and 3 x | 08 pores per.cm2, further compﬁrising a layer oé retinal
pigmentiere srike|Ei erds JRg SEEEs1e TraRab Y FiFth O TamERate” FYeiFa HESELE MBS provided
theise gfiqipembianeastaine dobaveidesappenplenivayglofteisal indifddit aspagtbthere is

provided a membrane fined,above, for use in therapy..In a fifth aspect, there.is provided a
membrﬁ@sagﬂgﬂﬁgﬁcﬁ%ifg, %&th%énltr‘ﬁéee tpgg?r%seehﬁg*ezé%isré?g% hacumr géegr?g?asg%rﬁ. In a sixth
aspect, thise impiaidgd munethediofesedingrealtil onBlemdhebraiie dergpusigigated diepiof seeding

ity 0 0 ter. 7a The
%@Q%&aﬁ}@ dens 5{31@ &%‘?@vﬁ%t% g@fe PSR R, HRA

the cells onto the membrane .as defi
inventioer}\ﬁ\l/%ﬁyﬁ%l\?v%lg%ecs??:%bie?dlfn%gqtgal y way of example onl nce to the drawings. Brief
descriptiotroé.tivachrasvings!Figuire In showEBRdpeRbaersatc Avmm HESTmRPEIpEitgls #e pig eye

OngyMOnyasi SHIARIAAL{AMIB: MoK FEAEISPILOh SO RARIOHEF BRSSOy nnerovter

segments adjacen ESC-RPE on biopolymer. C: Polymer alone gaited into pig eye, photoreceptors

have deljfBiatoareSthirineddy myrans: ots dima e deptirtiel ebbpMar L BERbIRAIe the
biocompatiiity I e HelvRmsUnidMesaadAhesihe shanolayee R RIPEE talks iswrssanta) Theaintain

surival e S BB ATS I R el o el B R E D OB BebS et ttopsin,
FITC) arlt exeriying dfidaieRRFe Sinmegh ptotieckplpofithterthis presedinglithihdrelldBBERPE cells
(A%'SB S%g\,\é'sétti?xglt %‘i’g’lﬁén'?eﬁ'ze& I%hea)f PLERE %5%650&[ ),ITc)c%)Telated cells, such as cells that
differentiate to form RPE cells or which are formed from the differentiation of RPE cells
(retinal derivatives) or precursors thereof Such cells may include photoreceptor celis,
horizontal cells, amacrine cells or retinal ganglion cells. Other highly differentiated cells may
also be used.
30
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.



This demonstrates that transplanted HESC-RPE function as normal in-vivo. Figure 3 shows
dissociated HESC-RIPE 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) antibé))v(ﬁl.2 2%421ed processes of HESC-RPE-derived cells W@ CT/GB2009/080917
2009/127809PCT/GB2009/000917 8 bypass the outer limiting membrane and integrate into the host

synaptigiaye i pIsdomxed e g minreisimagnitied i Bnihbiswetaoas akesctiat deassglainted cells

were able to maintain a goqd level of visual fynction in the.transplanted eye (campar
non-traﬂ%m&?@% fﬂb‘fﬁ%ﬁé eogﬁ%% a?ﬁﬁ?/iéﬁﬁ%l%ﬁ@ﬁﬁﬁ’gpfg ﬁ?’tﬁc}l pt%?%n((éeiﬁcs e%lﬁ}%(r&nog%t and is
reporteskiieyeles frribefiet4s/dApopfuceld shows’ cetlaromvefcoibly waristyndf3HedMBestiss. Detailed
descrlptloncgz,t%% V%E‘]:I;gll%lg n]gl Es>1§c I\g? %gger%%rﬁﬁwcgﬁ%%%mbrane Th|r_1 polyester film is
expose%efo collimatet, charged particles from a nuclear reactor. As these particles pass through the
pol§ester material, they leave sensitized tracks. Next, the polymer tracks are dissolved with an etching

solutionyto. form sylingrical paresaVeryipg:the, LasmparRkmmaRdsenat abiha:siehing solution, and

the exposure time 1o It, produces precisely controlled pore sizes. The resulting membrane is a thin,

transluceknimidrepibrotis mrybstes MRTiRGE LemddircinrantdestoRtatiffigBodid Pedifrolled

diametgrand Rundeatis¢@Fxqehietoncpbimanretiial pigmented epithelial cells (hRPE) from human
embryonic stem cells (hESC) Cell culture 25 The hESC are maintained in flasks coated with 0.1%

Gelatine and seeded with mitomycin C inactivated mouse embryonic fibroblast (MEF) feeders (with
segdingadensivifed . 24l Rélesaf eeelinivedinhunandihbeblasvfepddrs Gelitprefmaititained in basic

HESC-medium which consists of the.followi ongnts: Hi I (4.8g/L) Knockout
Dulbec escé%]&ﬁt&f %%ngr & ﬁu%d?ﬁ%ﬁ%ﬁl%%&é% %ﬁﬁ%%%%%nggﬁiout serum replacement

(Invitrogen), 30 1% non-essential amino acid solution, 1ImM L-Glutamine (Invitrogen), 4ng/m1 human

bFGF (%‘Hétﬁgg%%}a%%?g e R aRIRalbaRed 45 M ORGEHRROKEHES e Ve egervation, the

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

regularlyrefesibiy biglly & fsesntiaindesbnischreRdFsistiated HESC.
15

Also provided by the invention is the use of a membrane according to the invention, to

support a colony of cells.

Further provided is a membrane according to the invention, for use in therapy. In particular,
20 the use of the membrane in the treatment of age related macular degeneration, retinal tears,
macular distrophy, choroidemia, Leber Congenital Amarosis and Stargardt Disease is

provided.

Also provided is a method for cultivating cells comprising the steps of:

25  a) seeding human embryonic stem cells with mitomycin C inactivated mouse embryonic
fibroblast (MEF) feeders with seeding density of at least 1.2X1 0%/cm? or human fibroblast
feeders with seeding density of at least 6X10%/cm?; and
b) maintaining the cells in 2 medium comprising the following components or equivalents
thereof: High glucose (4.8g/L) Knockout Dulbecco’s Modified Eagle's Medium (DMEM,

30 Invitrogen) with 20% Knockout serum replacement (Invitrogen), 1% non-essential amino
acid solution, 1mM L-Glutamine (Invitrogen), 4ng/m! human bFGF (Invitrogen)} and 0.1mM
B-mercaptoethanol (Sigma). '



WO 2009/127809PCT/GB2009/000917 9 (This was assessed by staining for the markers SSEAS,
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mmUt?(Si'Og pores per con’, further comprising a layer of retinal pigmented epithelial cells or precursors thereof

on the membrane.
In a third aspect, there is provided the use of a membrane as defined above, to support a colony of cells.
In a fourth aspect, there is provided a membrane as defined above, for use in therapy.

In a fifth aspect, there is provided a membrane as defined above, for use in the freatment of age related

macular degeneration.

In a sixth aspect, there is provided a method of seeding cells onto a membrane comprising the step of

seeding the cells onto the membrane as defined above at a density of 200000 cells per cm® or greater.



Rigourous trituration of the cell clumps is performed with a pipette until the pigment clusters are
dissolved. Centrifugation is repeated at 12,000 - :}3,500 rpm for 5 minutes. The dissociation solution is
aspirated without disturbing the pellet. Growth média is now added 15and the cell pellet which is then
re-suspended by trituration. Measurement of cell density is done with a haemocytometer at this stage
and seeding density is accordingly calculated. Membrane Preparation: Membranes are sterilised using
a laminar flow hood UV lamp for 30 minutes on either side. 20 They are then placed within a culture

dish angasuiaRleWRseRbis Hé%sk@iw&iﬁhd&wg&%béﬁ : i SRRy iR creBaREapagare then
or

coated with 1:30 matrigel (BD Biosciences) at either minutes (thick gel method) or at 4C
overni@ﬁf”eﬂﬁ?r gel method). Laminin has also been used successfully at surface concentration of
1-101.tg/cm2. The advantage of Laminin is that human Laminin is commercially available, allowing a
xeno-free method 2_5whié%is important for achieving clinical grade standards (Lei et al, 2007). Patches
of the ﬁ%ﬁ%ﬁ?ﬁﬁéﬁ%&%“é’c ﬁqfﬁgﬁgﬁnted into pig eyes and into rat eyes. The results of transplantation
are shBlgmréntfightres Biopdl g etthshvitvSiEBoPANETespatch hithhidESC RS M amthitedier the pig eye
one month after. transplantati hi strates iQ tibili e. in vivo and
e S R R S
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equipmeRiaidineRAEE npsieReicdperse (c/d). EXAMPLE 2 Seeding membranes. 10RPE cells
were seeded onto membranes at various densities to find the optimal density of

Figure 2 is a confocal image of HESC-RPE on biopolymer in pig eve, 1 month survival.
HESC-RPE form a uniform, pigmented sheet adjacent to pig photoreceptors (rhodopsin,
FITC) and overlying the pig RPE. Some photoreceptor material is present within the HESC-
RPE cells (A). B shows that donor RPE cells express RPE63 (TRITC).

This demonstrates that transplanted HESC-RPE function as normal in-vivo.

Figure 3 shows dissociated HESC-RPE transplented into 3 week-old dysirophic RCS rats
after 5 weeks on cyclosporine. The grafted humnan cells are labelled red with our unique anti-
human surface marker (HSM) antibody. The labelled processes of HESC-RPE-derived cells



seeding for highly differentiated cells. The cells were observed for the characteristics of RPE cells,
such as pigmentation and cobblestone morphology. The results are shown in the following table:
Seeding Density (celllanz) Microscopic Examination Pigmentation As seen with naked eye No. of
Pigmented é@ﬂgégflﬁwgmicroscopic field Regulasr Morphology (Perfect I—?&?Aﬁ%ﬁ"%’l et = zero)*

70,000 Nil 16 Cells too sparse to calculate
bypass the outer limiting membrane and integrate into the host synaptic layers. The boxed

region in A is magnified in B. This demonstrates that transplanted cells were able to maintain

a-good level of visual function in the transplanted eye (compare to non-transplanted eye from

the same animal). Visual acuity using our optokinetic equipment and is reported in cycles per
5  degree (c/d).

Figure 4 shows cell growth on a variety of membranes.

Detailed description of the Invention
i0 EXAMPLE1
Preparation of the membrane
Thin polyester film is exposed to collimated, charged particles from a nuclear reactor. As
these particles pass through the polyester material, they leave sensitized tracks. Next, the
polymer tracks are dissolved with an etching solution to form cylindrical pores. Varying the
15  temperature and sirength of the etching solution, and the exposure time to it, produces

precisely controled pore sizes.

The resulting membrane is a thin, translucent, microporous polyester film with a smooth, flat
surface containing pores of controlled diameter and number.

20
Production of buman retinal pigmented epithelial cells (8RPE) from human embryonic
stem cells (hRESC)

Cell culture

25  The hESC are maintained in flasks coated with 0.1% Gelatine and seeded with mitomycin C
inactivated mouse embryonic fibroblast (MEF) feeders (with seeding density of 1.2X1 0%cm?)
or eguivalent human fibroblast feeders. Cells are maintained in basic HESC-medium which
consists of the following components: High glucose (4.8g/L) Knockout Dulbecco’s Modified
Eagle’s Medium (DMEM, Invitrogen) with 20% Knockout serum replacement (Invitrogen),

30 1% non-essential amino acid solution, ImM L-Glutamine (Invitrogen), 4ng/ml human bFGF
(Invitrogen) and 0.1mM B-mercaptoethanol (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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(This was ‘assessed by staining for the markers SSEA3, SSEA4, TRA-1-60 and TRA-181.
Routine screening at the University of Sheffield confirmed that the HESC used were
karyotypically normal (Shefl (46XY) and Shef7 (46XX)).

5  Differeptiation and expansion of HESC-RPE
We have found that hESC-hRPE are reliably formed when hESC colonies are allowed to
become superconfluent on a MEFs. When the borders of individual hESC colonies fuse
together (10 days post-passage) the media changing regime is changed from once every 2
days to once every day using the basic hESC media detailed above (minus bFGF). This factor
10 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.

Following their formation, pigmented foci are excised mechanically using the tip of a glass
15 pasture pipette and microsurgical blades. This appro ach is only practical when the foci obtain
at least 1mm in diameter. 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 growth factor reduced Matrigel™ (BD Biosciences, diluted 1:30)
or lammimin. A total of 10 pigmented foci are placed in each dish and the RPE cells allowed fo
20  expand on matrigel for a further 35 deys (i.e. 5 weeks in basic HESC-media minus bFGF).
During this phase the media changes are carried out every 2-3 days, This timeframe is
sufficient to yield monolayer sheets of pigmented cells ranging from 2-3mm. Using this
method, sheets of RPE (approaching 1 cm) have been maintained in vitro in our laboratory
for up to 4 months.
25
Other differentiation methods and techniques known in the art may be used to produce the
cells of interest, including methods to derive RPE cells from khES-1 and khES-3 cell lines
(Osakada et al., (2008) Nat Biotechnol, 26, 215 ~ 224) and methods to derive RPE from HI,
17 and HY cells (Klimanskaya ef al., (2004) Cloning and stem cells, 6, 217-245).
30
Human ES Cell Seeding Onto Membranes and Subsequent Culture Method
Cell Harvesting:
Using a sterile surgical knife, incisions are made around the pigmented cell clusters to

separate them from non-pigmented cell population within the tissue culture flasks. The
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chusters are then removed using a pipette tip or sterile glass pipette. In some instances, this is

done while aspirating simultaneously to help tease them away.

The pigmented clusters are then collected together with their growth media in an eppendorf
tube. Following centrifugation at 12,000 - 13,500 rpm for 3-5 minutes ensuring the clusters
are firmly settled, exchange of media with dissociating solution is performed. The
dissociating solution is made up as follows: 90% Non-enzymatic Cell Dissociation Solution
in PBS without calcium or magnesium {Sigma-Aldrich), and 0.25% Trypsin. The remainder
is Dulbecco’s Phosphate Buffered Saline without calcium or magnesium. Cell clusters are

incubated in this dissociation solution at 37°C for 5-15 minutes,

Rigourous trituration of the cell clumps is performed with a pipette until the pigment clusters
are dissolved. Centrifugation is repeated at 12,000 - 13,500 rpm for 5 minutes. The
dissociation solution is aspirated without disturbing the pellet. Growth media is now added
and the cell pellet which is then re-suspended by trituration. Measurement of cell density is

done with a haemocytometer at this stage and seeding density is accordingly calculated.

Mermbrane Preparation:

Membranes are sterilised using a laminar flow hood UV lamp for 30 minutes on either side.
They are then placed within a cultore dish and a suitable insert is used to weigh them down.
Using this setup, the membranes are then coated with 1:30 matrigel (BD Biosciences) at
either 37°C for 30 minutes (thick gel method) or at 4°C overnight (thin gel method). Laminin
has also been used successfully at surface concentration of I-10ug/cm?® The advantage of
Laminin is that human Laminin is commercially available, allowing a xeno-free method

which is important for achieving clinical grade standards (Lei et al, 2007).

Patches of the membrane have been {ransplanted into pig eyes and into rat eyes. The results
of transplantation are shown in figures 1 to 3, Figure 1 shows a biopolymer patch with
HESC-RPE in situ in the pig eye one month after transplantation.This demonstrates the
biocompatibility of the polymer in vivo and that the monolayer of RPE cells is essential to

maintain viable photoreceptors

Figure 2 shows an image of HESC-RPE on biopolymer in a pig eye, after 1 month survival.
This demonstrates that transplanted HESC-RPE function as normal in vivo.
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Figure 3 shows dissociated HESC-RPE transplanted into 3 week-old dystrophic RCS rats
after 5 weeks on cyclosporine. This demonstrates that transplanted cells were able to maintain
a good level of visual function in the transplanted eye (compare to non-transplanted eye from
5  the same animal). Visual acuity was measured using our optokinetic equipment and is

reported in cyeles per degree (c/d).

EXAMPLE 2
Seeding membranes.

10  RPE cells were seeded onto membranes at various densities to find the optimal density of
seeding for highly differentiated cells. The cells were observed for the characteristics of RPE

cells, such as pigmentation and cobblestone morphology. The results are shown in the

following table:
Microscopic Examination
. . No. of
Seeding Pigmentation Regular
. Pigmented
Density As seen with Morphology
cells per 40x
(cell/em?) naked eye i ) (Perfect Hexagon
mMicroscopic
is best = zero)*
field
. 16 Cells oo sparse to
76,000 Nil
calculate
212,000 Light >400 0.023
270,000 Dark {good) >400 0.024
391,000 Darkest (best) >500 0.0175

15 EXAMPLES3
Growing cells on different membranes.
A number of different membranes were tested for ability to support cell growth. The results

are given in the following table:

20

TC Polystyrene | PLGA Teflon Poly- Dacron Polyester
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(PTFE) urethanes
Pros Excellent well [ Good Strong, Strong, Strong,  flexible,
characterised growth flexible, flexibe, sufficiently porous
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surface, Pore size
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exclude cell
migration of both
donor and host
immune cells.
Excellent surgical
handling properties
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thin (see thickness)
Thickness | Thin flm | 700 - 900|90—150 um | 60 — 200 | 512 um
unavailable pum¥ pm
Pore size | N/A 17-50pm | Approx. 03|20 — 200 [ 0.4 pm
- 0.5 pm pim
Pore N/A High High Low 1 x 1078 per cm?®
density
Hydro- No No Strong No No
phobicity
Cell High High Very Low Low - | High
affinity Medium
EXAMPLE 4
RPE cell growth

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 junctionat markers (Usuaily ZO-1)

To test cell growth:




Ppre d(_—:'nsity N/A High High Low 1 x 10°8 per an2 Hydro- phobicity No No Strong No No Cell affinity
High High Very Low Low- Medium High EXAMPLE 4 RPE cell growth 5 Morphology: was assessed

fo_r the trans%en%polémers using live image capture on a phase contrast enabled inverted
microscope. PHEBAA ‘H’sparent polymers morptgg)logy was assessed byﬁﬁﬁﬁiﬁ?&%@fﬁﬁﬁ for
junctional markers (Usually ZO-1) To test cell growth:

A combination of light microscopy, immunochemistry with confocal microscopy, electron

microscopy and cell viability assay was used to assess cell growth.

Cell Viability Assay (Alamar Blue Assay):

5  Various polyurethane polymers were bound to tissue culture commercial inserts as for PLGA.
Briefly, the original filter was excised and the residual material sanded away with sanding
paper. Following thorough rinsing with PBS the experimental polymer was mounted on the
insert with household cyanoacrylate adhesive (Loctite, Henkel Corporation, Aven, Ohio). To
test suitability of polyurethane based polymers an Alamar blue cell viability assay was

10 conducted to measure living cell density as follows: The assay was conducted as follows:
Cells are seeded onto the different surfaces at a low density using serum. containing media to
allow optimum attachment. Cells are incubated at 37°C for 24 hours to allow sufficient
attachment. They are then rinsed twice in serum-free media to wash out unattached cells and
then incubated for at least 12-24 hours in serum-free media to synchronise the cells. The

15  cultures are then grown for the desired time period. To take a measurement, cultures are
rinsed once in phenol red-free Hank’s Balanced Salt Solution (PRF-HBSS) before applying a
specified volume of 10% solution of Alamar Blue in PRF-HBSS. The cultures are incubated
at 37°C for 45 mins. The blue supernatant will transform into a fluorescent red colour in
proportion to the pumber of living cells. The supernatants are collected in a 96 well plate and

20 - - analysed in a plate reader for fluorescence (excitation 530-560nm emission 590nm).

' The results of the Alamar Blue viability assay for the various materials are shown in the table
below. In addition, the cell growth on the polyurethanes and polyester were compared and
the resulis shown in figure 4. All the polyurethane based polymers showed reduced cell

growth when compared to our polyester filter.

25
TC PLGA Teflon Polyurethanes | Comumercial | Polyester
Polystyrene (PTFE) colture-
grade
| polyester

Cell growth | Excellent | Excellent | Poor Medinm 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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These findings were confirmed with immuncytochemistry and confocal microscopy which
showed very sparse cellular presence in most of the polyurethane based polymers. in one of
the polyurethane based polymers (solid polymer) there was good cell growth and junctional
staining but cellular sheets easily detached from the polymer surface.

It is clear from the results of the assay, as shown in the table above, that polyester has

significant advantages over other possible membrane materials.

PLGA Methods:

PLGA membranes were a kind gift from E. B. Lavik and R. Langer (Department of Chemical
Engineering, MIT, Cambridge, Massachusetts). PLGA material was originally purchased as
Resomer® 503H (Boehringer-Ingelheim, Ingelheim, Germany), and asymmetric PLGA
membranes were synthesized as described by these authors (Lu et al, 2000a and 2000b; Lavik
et al, 2001 and 2002). This asymmetric profile allows cell attachment to the smooth upper
surface while also allowing cells to communicate with the basal environment through the

polymer’s lower porous side.

PLGA asymmetric membrane was mounted 6.5mm Corning Transwell® inserts after having
removed the original membrane. Mounting was achieved using household cyanoacrylate

adhesive (Loctite, Henkel Corporation, Avon, Ohio). These inserts were sterilized by
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exposure of each side to a UV lamp in a laminar flow hood for 30-60 minutes. Passage 28
ARPE-19 cells were seeded onto the membranes at a density of 90,000 cell/cm?

In another series, asymmetric PLGA membrane was mounted onto empty inserts (as above).
5 The inserts as well as tissue culture polystyrene dishes (for control) were coated with laminin
at standard working concentration (Sigma-Aldrich, derived from the murine Engelbreth-
Holm-Swarrﬁ tumour). Both dishes and inserts were then seeded with p30 ARPE1Y at a
higher density of 180,000 cell/cm? to reduce time to confluence. Cultures were maintained
with DMEM High Glucose based RPE media twice per week.
10
EXAMPLES
Coatings
HESC Culture Methods:
The HESC lines Shefl and Shef7 were maintained in flasks coated with 0.1% Gelatine and
15  seeded with inactivated mouse embryonic fibroblast (MEF) feeders (Draper et al, 2002).
Cells were maintained in basic HBESC-medium which is based in High glucose Knockout
Dulbecco’s Modified Bagle’s Medium (DMEM, Invitrogen) with 20% Knockout serum
replacement (Invitrogen), 1% mnon-essential amino acid solution, 1lmM IL-Glutamine
(Invitrogen), 4ng/ml human bFGF (Invitrogen) and 0.1mM B-mercaptoethanol (Sigma). Once
20 removed from cryopreservation, HESC lines were maintained for up to 74 passages with
media changes every 2 days. Cells were split regularly (1:4) in order to maintain colonies of
undifferentiated HESC.
The following coatings were applied according to their standard manufacturer protocol unless
otherwise stated: matrigel {1:30), laminin, collagen IV, Human collagen I, Puramatrix®,
25  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

30 following which they were seeded onto the plates/inserts.

Direct observation of the coltures 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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batch of Human pepsinised placental laminins achieved immobilisation of the HESC-RPE
colonies, whereas another batch failed. All the other coatings (Collagen IV, Human Collgen
1, Poly-L-Lysine, Puramatrix®, Plasmanate) completely failed in this respect.

EXAMPLE 6

Culture of RPE from Shefl HESC

Cell culture

The Shefl HESC are maintained in T25 flasks coated with 0.1% Gelatine and seeded with
10 human fibroblast feeders (optimal seeding density of 2.25X1 0° cells per T25 (9X10%/em™)).

Cells are maintained in basic HESC-medium which consists of the following components:

High glucose (4.8g/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.lmM p-
15  mercaptocthanol (Sigma). Once removed from cryopreservation, the Shef 1 HESC undergo

media 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).

20  Differentiation and expansion of HESC-RPE
We have found that HESC-RPE are reliably formed when Shefl HESC colonies are allowed
to become superconfluent on feeders. When the borders of individual HESC colonies fuse
together (approx. 10 days post-passage) the media changing regime is altered from once
every 2 days to once every day using the basic HESC media detailed above (minus bFGF).
95 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
30  mechanically using the tip of a glass pasture pipette and microsuigical 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 3 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



It is clear from the results of the assay, as shown in the table above, that polyester has significant
advantages over other possible membrane materials. 10 PLGA Methods: PLGA membranes were a
kind gift from E. B. Lavik and R. Langer (Department of Chemical Engineering, MIT, Cambridge,
Mass'achuséﬁg)?wgﬁ%aterial was originally pLir_phased as Resomer(r) %%5%— 20051000917
(Boehringer-Ingelheim, Ingelheim, Germany), and asymmetric PLGA 15 membranes were synthesized
as describediiy thesrR-aRIED I} uretailh2aDBncandnd(adhnl afiiketial Z004 Amba0DRaThis
asymmetric_profile allows c chment.to t I, Sutf hi ing.cells to
commu 'i?:‘a?e“(ﬁ tﬁle%rgzsilga Jg‘%\%?%ﬁ?ngaerﬁ%}%%%ng [?cl)ﬁ%g}‘g %\%e%?ﬂgér%%gﬁ lesi‘g%gf!:lgogngI%;A
asymmedritsinenibesngy a3 mountEhis Srmefraaw in g fsie e ryislde o atiayHathsgitePhoved the
original me@%@rk%%/kgﬂ ing:was,aghigved using household cyanoacrylate adhesive (Loctite, Henkel
Corporg%%[rl], von, |o€ﬁghe5e Inserts were sterilized by WO 2009/127809PCT/GB2009/000917 15
exposure of each side to a UV lamp in a laminar flow hood for 30-60 minutes. Passage 28 ARPE-19

cells weg SeedfsORIeie MmembianesaiRiensitvieta0, a90terbiem2. Ivanathersarigs: asymmetric

PLGA membrane was mounted onto emé%g inserts (as bovei i

, ! / 2, The inserts as well as tissue culture
polysty PGS SBFELFRIN fers CoktebaiCBRAIN 2 o kil r

Neardse &tk
(Sigmagildnehesmived Weridhe rassinkdnngetby btk IS watRGEronny Bethrodsieésmaofl inserts

were thengseeﬁe% with §30 A PEJ{%{(@E& Qi her density of 180,000 cell/cm2 to reduce time to
conflueReE. Chift WEFE RRAIMEhEG Wit DREM High Glucose based RPE media twice per week. 10

EXAMPLE 5 Coatings HESC Culture Methods: The HESC lines Shen and Shef7 were maintained in
flasks cBated u Alohn%%%%(g%lﬁ}ig _pegded with inactivated mouse embryonic fibroblast (ME?')

feeders (Bsr%%er et al, . Cells' were maintained in basic HESC-medium which is based in High

" glucoseigmeiehit IEHEREGs Wevelifary et e Sovie dither (ORME VlatkitogeminaiZss KhBckout serum
replacegagnt (INVIERGRMA (394 ﬁ%%@'ﬁWB,%%mwm@men),4n9/m1
human bFGF?(énvitrogeni and .1mM_O-mef{%at1ﬂ§)t ethangl (Sic};ﬁm ). Qnaﬁ 2 rerg;)a/.eﬁf él\%rom
cryopreRema wifEselinuas P sHhin i Ty 2 SEEle JUSTRRAGH BT UHAAGRE every 2
days. Cellswene selitiegipany (3. 4 BsOrasbiterdiniainvesionias abimtifferehtiatpehBHESE. The
following coatings w lied a i ir standard manufacturer protocol unless otherwise
stated: %@%r@gﬁ%'g)?ﬁ‘ﬁ&%gﬁgégf ?é%ﬁﬁnhaeﬁ]’%:sgllagen 1, Puramatrixpzr), 25 plasmanate,
poly-L-Lysine, and no coating as control. Briefly, each coating was thawed at 4C and diluted in either

PBS or sprumiree medicy %’PE?&!EQ&?AGT%%%EQ g aieRaL 4GWaPMIGIRE 3G Uhd7C

according to each manutacturer's guidelines Matrix™solution was then removed and plates were either

washedcentzifugeibdt 24 tefamapiocs aumiissts eRbE hesrmaythandBcEsBRicriigre excised
frogp cubureHaske.And RIAGRA I MRtiasary to enable exchange of solutions as follows: Cells

are washed twice with PBS and then incubated at 37°C for 20 minutes in 20% Non-enzymatic
dissociation b.uffer in PBS (Sigma #C5914) and 10% Trypsin 10x in PBS (Trypsin from
Porcine Pancreas, Sigma; final trypsin concentration 0.25%). Following this period of
incubation, cells are triturated thoroughly until completely suspended i.e no visible cell
25  clumps. They are then centrifuged again to enable removal of the dissociation buffer after

which the cells are resuspended in HES medium -bFGF and placed in a 37°C incubator until
further use.

Assembly of polymer sheeis onto culture inserts

30  13mm polyester filter discs with a pore size of 0.4pm and pore density of approximately 1 x
10°8 pores/cm?® were atiached 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/em?. The inserts were rinsed once in PBS, air-dried, and irradiated with a UV lamp



30 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 B8I3Y ddfion i.e colonies WO 2009/127809PCT/GB200976008% M6 WETE well
immobilised and not prone to detachment even with rigourous media rinsing. One batch of Human
pepsinised patentidtaimiohdHadhiniedimeadbilidationstsirilisatiiBS SR bR tissis sysvh&reias another
batch fajled. All t =0t lagen IV, Human Coligen I, Poly-L-Lysine, Puramatrix(',
Plasme{srﬁcgte %‘oﬁ%ﬁé%%%%@ﬁrﬁg%spect. 5 EXAMPLE 6 Culture of RPE from Shefl HESC Cell
culture The Shefl HESC are maintained in T25 flasks coated with 0.1% Gelatine and seeded with 10

human @p&gpéaﬁj%gg&;%w serdingidepsibeat 2.25X105 cells per T25 (9X103/cm2)). Cells are
maintained in"basic HESC-medium which cgnsists of the following components: High ,glze%ose (4.8g/L)

KndckotieiRebBsers WEth gt Ly s MR e d CAmERR- IRt 3G ST HRN 28676 rum
replacesnapténmitianenniigash-easeiiedadnine BCdsolitinimlishl L4alidanviee dipidtegen), 4ng/ml

human bFGE, (Invitrogen) apnd 0.1mM lj-_ 15 meycaptget (Sigma). Once removed fro
cryopre‘%‘éﬂ?&fé&%}’ tﬁﬁs?%rﬁe?%ﬂ HEses #&éﬁéSuﬁ%éfd?g é@ealgr%gegs&éggéjﬂk?aeyg%y %‘en%eﬁﬁ?rr%ularly (1:4)
in ordewtimmaiiaihacet@nidseoiacytifferentiated: Ws@éséﬂuﬁymtaimp@f@imhaﬁaim@rs SSEA3,
SSEA4, TR QQli%%y“%éﬁ%ﬁ@%@ﬂ@%%%‘%@%&? axRRssIoN PLHIES CRPE M NaYe found that

HESC- are re ormed HESC™olonies are allowed 16 become superconfluent on

febdlerssoihéntthe bptders Gshirithad JAPIES CAANSRR salsamio feader @fllsrivera olRIFSst-passage)
the me%&b%}%@%ﬁ%@ﬁd&@'&ﬁ&%@g@mﬁ@m&ﬁI%f’of&at@ teranaedRYeRLARY Meing the basic HESC
media detailed above (minus bFGF). 25 This factor was withdrawn from the media because of a
docum%@&%ﬁ(tﬂ@ﬁﬁ/ééﬁﬁ?@?fﬁéﬁﬂrrepression of RPE specification. Pigmented foci appear in
supercontinent 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 30
mechanically using the tip of a glass pasture pipette and microsurgical blades. This approach is only
practical when the foci obtain at least Imin 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



WO 2009/127809PCT/GB2009/00091 7 17 each dish and the RPE cells are allowed to expand in 2m1
of medium for a further 35 days (i.e. 5 weeks in bagic HESC-media minus bEGF). During this phase
the media changes are can-ied out every 2-3 days. This timeframe is sufficient to yield monolayer
sheets of pigmented cells ranging from 2-3mm. 5 This method differs from other published protocols
as follows: 1. We use a higher standardised cofitehtation of KSR (20% as opposed to 8-15% variable
by Lanza group) STATEMENT. 2. We do not use Plasmanate, human LIE or bFGF during the
production of RYE cells from super-confluent HESC cultures. 10 Dissociation and suspension of
HESC-RPE! Pigmentet ke SCr RBEpwere hary estedlrom withel PRorftasks epritainhgHiESGeRPE
colonies on feeders_(passage Q). or from expanding HESC:RP eets on feeders (pa e 1).
Removal of thd SHTE dke By UL A a2 P s T e it
sterile pipette tipattlt SCatdbosiestshidets messthon gspuatetihgrdguspented whdies thediom -bEGF
(without bFGF).until further use. The desired amount . of clusters isplaced al with their growth
media in 2 (S AN AN TIGRG 4t THOOTHS T oy ot L e S R e v
supernatant media. 20 Centrifugation was repeated as necessary to enable exchange of solutions as
follows: Ce%s age rvg@;s,nkf)?gn %wig)e V\S/Eh %%S aggethen i@g{ub t%%nat Sgbc fo%%%rrginu%%s in_.90% N
Non-enzymatic dissociation bufter i ]ég( |gm%r% of. )anc?’l % ‘fIr]ypsm 10x mnﬁjgélrﬁrypsin from
Porcine PancreabstSigiaisy finatbiypetndencentrhiiorn0s2§9pofdigwingthisperiodgf imguteation, cells
are triturated thproughl il compdftel suspended. i.e no visible cell 25 clumps, They are then
contfuged agut TR e i L et RIS A€ PO AR SR BRI e i
HES medium -bFGFRahdptroet in B32@lidcubEdmant hethenuderthsseonlyishpalylmear sifeets onto
culture inserts BGQilij)mm %%%séertﬁéﬁ?éicge $ vlyithe% ore '%tre 8%81‘14 émmaenq)pa%re density of
approximately]_;L X Pégporesmn% 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 . thick.. The polyester had ight of 1.2
ooz, T e B e R e
2009/127809PE&ayGB26BR/000917 18 in a laminar-flow hood for 30 minutes each side for sterilisation.
Sterilised inserts were then stored in a sterile laminar flow hood. Coating and Seeding of the prepared
culture inserts 5Sterilised inserts were coated with 1:30 diluted laminin-1 for 30 minutes at 37C.
Laminin (at4. A membrane according to claim 1, wherein the pores are between 0.2um and 0.5pm

in diameter.

5. A membrane according to any preceding claim wherein the membrane hydraulic

conductance of the membrane is more than 50 x 107" m sec™ Pa’.

6. A membrane according to any preceding claim, wherein the membrane may be
sterilised by gamma irradiation, ethylene oxide, autoclaving or UV sterilization

without degrading.

7. A membrane according to any preceding claim, wherein the membrane may be sealed

by ultrasonic sealing, radio frequency sealing or insert moulding.

8. A membrane according to any preceding claim having a maximum thickness of

ITpm.

9. A membrane according to any preceding claim having a maximum weight of

1.5mg/em’.



a concentration of 43p.g/cm2 and incubated at 37C for 30 minutes). Laminin was aspirated
immediately before cell seeding. Cell density of thgyHESC-RPE suspension was measured using a
Neubauer(r) Haemocytometer with Trypan Blue 1:1 dilution. Trypan Blue staining was used to confirm
cell viability which was greater than 93% in every case. Cells were 10 seeded at an optimal density of
200,000 - 400,000 cell/lcm?2. Seeded cells were allowed to attach for at least 24 hours and typically 48
hours beforg the fish media change. Mediawasehanded 3.Ames anveck hereafiar, J9,glams 1. A
membrane for supporting the growﬁ'n ofrirgtfﬁafplgrﬁen ela’epl shal ce s, the' mem ané)com'prising a
substantially non-biodegradable and porous support layer coated on at least one side with a coating
comprising a glycopratein, wherein the pore density of the pares in the support layer js hetween 1 x
o7 and 3L B B B R R N rane
comprising a substantially non-biodegradable and porous support layer, the pores being between
0.21.tm and 9.5p.m.in diameter, wherein the pore density of t ares in the support layer is between
% 107 and 3 LB B R G e B R R LR S o
precursors thefdoboecthe membrane. 3. A membrane according to claim 2, wherein the membrane
comprises a coating on at least one side. 4. A membrane according to claim 1, wherein the pores are
between 0.2um and 0.5um in diameter. 5. A membrane according to any preceding claim wherein the
membrane h¥ydéauiiendondel ctereding the mgmbrarbrig mlene thambi sink01phusest@ogicnientbrane
according to any Oﬁ)rel(:%g%p rﬁl imu \g@g?g;:nqgha% @%@Igrarﬁ%nrpay be sterilised by gamma irradiation,
ethylene oxide, autsclavi g or \V'sterilization V\ﬁthoulpaegraiding. 7. A membrane according to any
preceding claim, wherein the membrane may be sealed by ultrasonic sealing, radio frequency sealing
or insert mquyldi I rdi recedin im having a maximum thickness of
o A membrha B B 5 560 70, A
membrane acowiding theamgpheescling claim, wherein the membrane is hydrophilic. 11. A membrane
according to any preceding claim, the membrane having a pH of 4 to 8. 12. A membrane according to
claim 1 or 3, wherein the coating comprises laminin or fibronectin. 13. A membrane according to any
preceding claim, memprisingcaqriangiachiogitdl vhbiclngicatdlgent, tstinaddwithei coatiiy component.
14. A membrane according to any of claims 1 and 3 to 12, further comprising a layer of cells on the
membrane. 15. A membrane according to claim 14, wherein the cells are retinal derivative cells. 16. A
membrane dechrdingboeokainctading éoeihriine ldelislameihuhrarctttingl bigmengthepitiestialtedlls. 17. A
membrane acc%gﬁ%ggpc%@m 14, wherein the cells are immortalised cells.

17. A membrane according to claim 14, wherein the cells are immortalised cells.

18. A membrane according to any preceding claim, wherein the membrane is made from
a hydrophilic polymer selected from a polyester, a polyurethane, a polyurea-urethane,
a  polyamide, a  polyether-ester, a  polycarbonate, a  polyacrylate,
poly(tetrafluoroethene), a polysiloxane, a polyolefin, and polyoxymethylene.

19. The use of a membrane according to claim 1, to support a colony of cells.

20. A membrane according to any of claims 1 to 18, for use in therapy.

21.A membrane according to claim 20, wherein the cells are autologous.



18. A membrane according to any preceding claim, wherein the membrane is made from a hydrophilic
polymer selected from a polyester, a polyurethane; a polyurea-urethane,
apolyamide,apolyether-ester,apolycarbonate,apolyacrylate, poly(tetrafluoroethene), a polysiloxane, a
polyolefin, and polyoxymethylene. 19. The use of a membrane according to claim 1, to support a
colony of célfs A2Meanambranad s brdingotocimmet daifisiortuse 8y fbe isatinahieripge 2dakd
membrane accgrding.to_claim 20, wherein the cells are autologous. 21 22. A membrane according to
any of claims t%g{{grf?)el’&%égﬁ% %ﬁé treatment of age related macular degeneration. 23. A method of
seeding cells onto a membrane comprising the step of seeding the cells onto the membrane of any of

claims 1 a“?ﬁf{on}éh%tdagﬁd %Qééﬁéé’%@ﬁ?gﬁ%]%%%ﬁ%{?&@ o%ﬁé%&%‘ﬁ&t@ W@P&%%eﬁ%%@”g 0

claim 2 or any of claims 14 to 17;"wherein the cells are obtal quiring t struction of
human embryasito the membrane of any of claims 1 and 3 to 13 at a density of 200000 cells per cm?

Or greater.

24. A membrane according to claim 2 or any of claims 14 to 17, wherein the cells are

obtained without requiring the destruction of human embryos.



