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prot el'n named orin-1 ), Which is localized
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treatment has made kidney disease a major world-wide health problem (2,4).

[0005] The major functions of the kidney include the elimination of metabolic waste
products and the regulation of water, electrolyte and acid-base balance. These are mainly
achieved by (i) a filtration process that takes place in the glomeruli and leads to the
formation of a primary filtrate volume of 180 1/day, and (ii) a reabsorption process in the
subsequent tubular system (5-7). Upon filtration, most of the water and the dissolved
substances return through transport over the proximal tubulus epithelium, back to the

capillary system with or without reduced reabsorption of the metabolic waste products (5-



epithelial cells, lining the renal proximl tubulus
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potential to provide a nuch needed cell source for the

therapy including the treatnment of |ost renal function
SUMMARYhOF CHE EINVIENTIONces, cell therapies to

repl ace epithelial tissues and tissue engineering.
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conprise renal epithelial basal nediumor renal
epithelial growth nediumand may conprise epithelial

[0008]r owt h Thagthspresoranetbnd it e aplentialjo prinG swueh needgd cell

sourcé)fb? i th&%g% ORGSR Nhe HRHNMAR of 81 ﬂeﬁ&%&MnQMugﬁB{?ﬁﬁcial
mat rix. e nor phogenetic protein 2 may be added to

devicdsheell thambies perpldace epithelial ©ssmechindrtisef @rgmesringlur i ng
culturing of the cell.[0011] In one enbodi nent, the

t hod conprjses adding bone rphogeneti.c protein 2
ro0od " IR mF el Bk Frite e R Brg Rt dr oy e ithfn
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before or during culturing, wherein culturing,
culturingragrund déereptisig S eall ine renal-specific culture medium in the presence
of an extracellular matrix (ECM) molecule, under conditions sufficient to induce

differentiation of the hES cell to a cell expressing AQP-1.

[0010] In different embodiments, the renal-specific culture medium niay comprise
renal epithelial basal medium or renal epithelial growth medium and may comprise
epithelial growth factor. The ECM molecule may comprise at least one of fibronectin,
laminin, collagen IV and Matrigel matrix. Bone morphogenetic protein 2 may be added

to the renal-specific culture medium before or during culturing of the cell.
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for 7-10 days,- the renal -specific culture nedium
conprises renal epithelial growh nediumand the ECM
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in a bioartificial tubule assist device. [001 7] In

with apapulstipnof pdls 2 slpeasibed hirsine Wherein Bigiipetionlumen inepated with
i . . .S, r i
o ex SRR SPRLE B BeiBOTR) BoRusbl Sy
tubul e assi st devi ceas described herein to a subject
[0015]n riHed:xtdaes] mddr m4tH0 hRflecliemay nahprie 2 least diesdifdeonecty,

. comprise _renal failure, nephrqpathy, diabetic
laminif GHIagBAT R0 NEASRED S atix B P FRLISdn e i cRliBred)tg g gonfluent
monolaSitiohlift 8RGNerigf RERAU! i tis, glonmerul osclerosis or
S. :
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[0016] In still a further aspect, there is provided a method of treating a renal related
disorder in a subject in need thereof, the method comprising implanting an effective
amount of a population of cells as described herein in the subject at a site where cells
expressing AQP-1 are required. The cells may be implanted directly or may be provided

in a bioartificial tubule assist device.

[0017] In yet a further aspect, there is provided a method of treating a renal related

disorder in a subject comprising externally connecting a bioartificial tubule assist device
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[001 9] Other aspects and features of the present
invention will becone apparent to those of ordinary

WOP9911663 t he art upon review of the follow ndCT/562008/000263
description of specific enbodiments of the invention

I n_conjunctio vvlthth ccpnmpanying figures. BRI EF
as desﬁ@?&f gﬁ\l BES&@‘R@P[OOZO] I'n the figures,
whi ch illustrat e by way of exanple only, embodinents

[0018]f tTie rendSeBtedi didoeddrin®y: conPidd rdnaFfaflufes ndphrépHitiyl deabefic
undi fferentiated hES cells, a, hES cells cultured on a
nephriygathy, @eplepsip.dydght’satizpasm repalRFedtciensy, glovyrulifisn

tioned medium b, Imunostaining of
glomerl}@gs 1\5‘8{3' expreSS| on of Cct3/4 (red). DAPI was

used to st a| n the nucl eus (blue) c, Gene expression
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those AEgrer o el T Biismiimen iy ot Uk to et deaimionst Shaettic
emboaaﬁ{énﬁs dfmﬁ@mwfﬁdn 1ﬁ>é8ﬁj%ﬁ§tidiﬁvi@tptﬂerﬁ%&dxﬁ15ajﬁrﬁié 1. hES

s cultured on fibronectin (F [lam nin (Lam,

collagen type IV V) and MATRI GEL(tm) (M35 for 10
BRIEE;BES&ERI{’?EM é)el? THEWRAWINGY red) and

cytokeratin-18 (green). DAPI was used to stain the
[002Q]uc|Iauke fiplres)which HESirate] Hyswaudtedatpicechlynaberodithents afithe
cultur.e conditions were inmmunostained with AQP-1 (red)
presen{iRYeRtigRYt h DAPI (bl ue) a-c, |ncreased AQP-1 expression
could be found when cells were cultured on
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our sSel ected ECM nol ecul es, d, le staini ng

MEF Eﬁﬁé@rlamm@ @M@éﬁuﬁﬂtmd@\ﬂﬁbW@htMEF@GHMEBCQZ@MI@Gd medium.
. b, Irm%ﬁ?%s?aslﬁl g clall%%‘i%g)er &X r)%ss%)ﬂ 6%3{;t? (e&ﬁ t\x%%@?eql to

stain the Inhdeusl (fblLﬁaalrd', Gk ﬁpréhﬁanﬁ@l-yblswmﬁmﬂ)r @’&:h‘l &ll specific
(green), were stained positivye for HNuc

marqumc &ﬁ.%/ﬂh%%z Ritend dyange i the GU?@]JNF-"F@BP lgns
Protein profile of undifferentiated (lane 6) and

[00241 f TRLRA 2 ADFEL DT tFo &mﬁé &R S th LY P-11 Opitkssht Elﬁ’tlﬂahal

was extracted fromcells grown on fibronectin {lane
cells. 2)hES eghisreuliuretl andibegnectin (F8)y éaminin (Uasmecaddagen type IV (Col IV)

and MAYIRIGRES! Bl SPEfh oo ol B P BRI Pl e
cytok&ein-8 8 {( @ded ) ODIPSWHRGEed foatdi®nrcthudleus (Baé) B,tl{msélgr
ont @ PVDF nmenbranes. The nenbranes were probed wt

subculipier waderdhe sampp culirpegmditionsprere gnmpnostaipedivih AQR- é/(r@d)
along Wt IRP lu n&l J @;r%ﬁé %b?g & es%ﬁjnl Suld l:?enﬁuﬁa W%Qﬁ) Berfio

expressi eni n, and
were @ipirazisei MIA’JTRJIIGH:W’MQ ked athen <dl&, wevs Ishla:uélnmﬂaﬁsalbfa)uoﬁelected

Cct 3/ 4 i,ntajned. In contrast
ECM emtlw}eé-m@ﬁm I¢ %ﬁ@lﬂ%@%@%@ﬁwd&m ewentl%fzd bESas
expreéstiCROPM FedfBRere epithelial cells stained with cytokeratin-18 (green). e,
Differentiated hES cells, in particular the AQP-1 expressing cells ( green); were stained

positive for HNuc (red), indicating their human origin.

[0023]  Figure 3: Protein profile of undifferentiated (lane 6) and differentiated
hES cells (lanes 1-5). Total protein was extracted from cells grown on fibronectin (lane

1), laminin (lane 2), collagen IV (lane 3), MATRIGEL™ (lane 4), subcultured on
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observed. This expression pattern was found at higher
intensities when the cells were cultured on
WORGHIEE3(t n) (I ane 4), and subcul tured on fi BINE209%00263
(lane 5). These results indicate the adoption of a
[ 1.t hel ial t Vipe = . 10024], Ei
forong 05 P olsRlin PO RS UL s sjepletho SR R
followadd Ircéls@ritrangicpudtd PAIDIF arhibrines) THeah@hb®hes ®ere Pagbed with
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antibqgligsestigh A AREA L K118 e BIRFRINGECY Hnd GAPREE Undiffprentiated hES
f F t i L1 Qr i

ot ARFANEB b s B 16 1500 L5, 44 A bson o

cytokemtih-18r whilé exm@esstom ofl tBMiwes regintamedr innenfreqt) wele) and
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nephi e BBIT Peiiotsnob FEBIEY o Qi Shris i s
obserP&H TRisBxpPRIssi6h be%dm WhsHERAGR Iht%hgf Rdrks B8 WHeR o celfd Wre
of EGF t he AQP-
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and insulin on expression. Fewer

culturadon MATBIGEB (ansed ), godieibeuloirsd pr SiranecREGMetBpThesed
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[0025] Figure 5 : Effect of BMP-2 on the AQP-1 and CD

[0024]ec ePigake ¢xnidvéidualconipdlicht anslpsis ah RESGE Aeichiend, growth
REGM culture nediumw th BMP-2 caused an_increased
and cgll preliferafion, p, Regefieqt of gnthing spglefadarsdn REIGMcEew gells were

attacHe@ TP HMATR 18RI RERM C}n ‘g’?%qag?lfbg :52 EBSC kﬂﬁeéggg%ﬁhf)%s led to

expressi on was observe nt1ate
cell atapharekt ok gpwith dywBolexfpressd fanwrodn @5GplifeRkRA. hsdlin,

. 26. .CD133 .and 26 expressi ons were alsq. o rved
epine{yi (gp R, APACHSATIA ChLy MRS TRAH 0 Bearper gt R pel
proliferadbk HEM GhydrotbiisbAé (HMOPARL TPRaBSmitt? oftebf I 16t éat ed

_hES cells with regard to their CD receptor_expression
prolifgfiagien.|ceRojegg SIF mdyipselirson the AQE+l sxaredsipm Keiwes AQP-1

. ' i £ferenti d hES ¢ a.
cxreIFLIR AR RSy YR EaSDl B PR RS e ion
was npdéiysificimiyeaffeerddriatie, absatteofiidsulied i n a perfusion

bi oreactor for 7-10 days. After perfusion culture,

ver _90% of the differentiated hES cells revealed .
10028} e gl BN Pign e KQpbnd £ Fectiog grpessyion in
differ@i BARANER &Il M, REOM QRultuMAh8dink IS BT 2 385RY Wit dPeased

cal cei n-1 oaded cel | s showed that several o
expreghidif efr AQPt lanaliffereSiated single wallkemnparedtoglaio BRBGMpwhere a

their l.cein staining aftere sure t hypo '
more §REHAGEH ofhsilofivits WBp@Vedhe PRORERFaes S RIBpRRK Bars)
show&XxpesSioNYo£OBELACD 133 add CB82L6. @D Df3 44dTThI By Sipkdsailbfwere
hES cells under the renal capsule of SCID nmce led to

also opgiryedowih prmgry bupsmprosimal iptarlecalls( greyibapsddndienting a similar
i ff i | f i t he.
phend RN Eta G S B WPy Wi ® By e

profild: Expression of negalin. This figure is a photograph
of cells with :

[0026] Figure 6: In vitro and in vivo function assessments of differentiated hES
cells. a, The differentiated cells were seeded onto a SUPOR-800 polysulfone membrane,
and cultured in a perfusion bioreactor for 7-10 days. After perfusion culture, over 90% of
the differentiated hES cells revealed simultaneous AQP-1 (red) and cytokeratin-18
(green) expressions (n = 8). b, Water transport assay with calcein-loaded cells showed

-that several differentiated hES cells (marked with arrows) lost their calcein staining after
5



fl uorescent staining depicting expression of negalin.
[0028] Figure 8: Expression of AQP-2, AQP-3, AQP-4 and

W%@%ﬂ"ﬂ?@ PCR results for AQP-2, AQP-3, AQP- 4 PAH{pG2008/000263
megal i n, showi ng expression in renal epithelial-Iike

DhES 1. i f.ferenti at t
cxpol RIS s Bt BB ROBLE BB
chanbd§ 291njédtiod iof hAdigefnghRA hES bR uRfer (HeTefllchsul 16 OSCID mice

hemat opoi eti ¢, neuronal and cardiac cells has been

led totseaiome dinpar, fognatiop, siheress Ueimisctinmad %ﬁ@ﬁﬁl&t%@ells showed no
ng the presence
anogpﬁgﬁ,ggg #ﬁéé%ﬁa aé?ggg%bgbgéhggéhe formati on and
growt h of partlcular cell types (13,15, 16). However
[0027her Figas 7o Exprescionadandgalih. This €igtneds a phuiokraph of cells with
dlfferentl%tlon of hES ceIIs i pto human renal
fluorgsseRtiEATNAL dERICHRS SHEFSION ORBSEAL Ry, st udi es have
reported successful directed differentiation of nouse

[oozsp‘or r@gure 8% B Pk ésifom) of ADP-2! AUAP-3PA OFCN bh @ mépalihS PCR results

The addition of factors 1nc uding activin A

for AnQPt Z,n‘ngB - AQE-41904 eneimlmp tsb@g\@mgthprepmm ai m@m}lel?al-éﬁm (RD-
nES)GHp 4 reitatl 5RodtRie s BRI RERCp IR B Sub e S o

the net hods disclosed in these studies are limted to

DETATLID PESCRIPTIONS NES cells and are not
instructive on the differentiation of hES cells.

[0020]  f 25 SRR (1Eh A ARMERIAID B hhBbBHCliAleBFonf aftBrdine
| s and fect of cel | ar factors and

cells ba@bt&nybwcm@s@ b‘@lahé stuﬁms hemafrh@m thasvhhffe@m ¢udtusg e

t th
cond o dndiink BRte iy i B DR Pt P oG ana
growt}pofr@mmurarl dall aypes NTH, { 5, e6)e Holvat @dhére abebydhi dosrep&rBof irdcted
| ose pl uri potenc and differentiate ra{ol dly despite

in vitgdifforeadiafiennolhES eetlsintofgmangenal epithefial @isa suppr esses
differentiation of nES cel |l s but pronDtes

[003gj fsg?r @cﬁftf §th@1@s F&l slu§ egé?.l diteR Pl FeRES: v\tﬁ(ﬁ'l(&ﬁnouse

in t e st ges o erentlatlon
embryewit aﬁem (aadES‘o) istorrena progenker lla(4 1 prx #bendditism g@@starsn g

inclugfg e BB« S ey Pors ua e S gt BY R
cultufelifddih B83dech shb®n & RRLECH RIS Bfo feﬁﬁ‘ltiﬁb S&hitor cells.

differentiation of nES to a renal Ilne%g have

Howesrep) thy agthiodd diselosediinfthese shdicsarohimithd tnidgh difiyentintign of mES
cells %@%e%’éﬁns{r&&ﬂ@dn‘{ﬂe diﬂ&\tﬁgﬁc)n oﬁ&%‘P ?#ilsaﬂ 91?%8 eggﬁ%etst\%een

erogeneous popul atl on eren

the dfffbﬁerﬂlahOMVoﬁm(ESChndfhEISmeHh apd g effcttaf c@Bthlbﬁfac{o@@:&ﬂﬂ sigrals on
date, there has_ been no published report of aqua or|n

these pellsyJor oxample, Pihgh Cellsi are g1ova oncidispe m&&w Jishes
preseﬁ@é J)islgﬁﬂgénﬁg 11@115‘1&&? %ct&iﬂ (iﬁ.ﬁﬂﬁﬁ%s%]@@ Bl tré}ﬁﬁ)ﬁl ‘n ’gﬁ

undlfferentlated state while hES cells lose pluripotency and differentiate rapidly desplte

the presence of LIF (3,18). Similarly, BMP4 suppresses differentiation of mES cells but
promotes differentiation of hES cells (3). mES and hES cells also differ in the stages of
differentiation when certain cell surface markers are present, suggesting basic species
differences between the differentiation of ES cells in early mouse and early human

development (19).



above, AQP-I is a water-transporting channel protein
| ocali zed on the cell nenbranes of renal epithelial

WOZPY4116@Rat | i ne the renal proximal tubul us stRGTEYGRPES4000263
AQP-1 plays a role in the water reabsorption function

t ki dneys 03 The ent et ho ar e ed
008}, ¢ e fsne Gistteds onimfte BRSO L fit B repdifgaee
have %ﬁ@waféd itehéeed flefent %ﬁdrpthidﬁgﬂleﬁfb@icﬁﬁ bbd§ EER Y YonstfaHowever,

epithelial-like cells possessing water transport
such py Apfirbahaesulis iby hetgrageneavy popelativmof diffgrengpted ictllcand a low
eldmlél tu eocgnFll ti Ns. The present nethods provide a
n p’ig%} éntlate hES cells to cells expressing
AQP- I . The di fferent| ated hES cells produced by the
[0032] es gotdateptieasisasbeet tdo peblishibd rupett of aguapopiarli (@dQR}ﬂ) positive

s in_a perfusjon hioreactgor w_thout | oss in
epﬂhﬂl@v cpllsdested SioghhES Al Iststngcurecheifiverntiation proforgl. h&stated
abovEEAHB-1 15‘a@varté?'1?dl Xﬁ:‘d}ﬁ %t:l;la‘h]na%rt)féﬁ?lo ?2 %'tﬂe @Fmembranes of

presence of an e rmatrix ecul e
renal ppokélohe cellsghatdipe theredalffrexieral tubulusstrocimrhst A 1 p]retye a role in

IIs ro uced t resent nmet hods may al so exhibit
thewﬁ? %Pg@bte‘?’@géb?’g&e&@ﬁé%y on profile as that found
in hurran proxi mal tubule cells. Thus, the present

[0038pt haus priseitintk@h@isdird baee bh iR filiin@fHat B&AAn &@brybhe stem
eneratl on of functional renal epithelial-|ike cells.

(hES] oellsspn b enlugedhip v i Sifsrentiaiednt tang) spibhetial-bke oals
possdshl Watcr HanloF @b MEHAA ik bl R OAHE cithngl

condidions.fheqetsest methbdweprpoidd laahéthed thi differeatiste AESnglls o cells

expr%rﬁfiigg A2, tfe' %i?#lfe{@'rlgtﬁfl ﬁﬁ%@%se a@ﬁﬁ?@lﬁ%ﬁe Blresmwﬁocﬁﬁeuld

be cu'%}éaqglsa g&%&f dPeah 0 e & B BYn bidfdabior W’th%@ﬂ%sﬂﬁtthé‘RQP 1
all of the hES cel'ls differentiating to renal

expt@pﬂpnh’ﬁia rapthpdddeciude pelturingdBH collh éma mmdbepelctﬁcapulture medium

renal - cific Iture I|a h .
in tnd G BB S B ERE RGN e Bue R i aiidecnic
diffefeBlitiot) coneitions. OTIcAlIQ prdiuc BB E tHE ;frés%hmbﬂlaas @Ay afso RERbIt a
cells to renal epithelial-like cells as conpared to

similaeD yeeeptsr expreasien Biodilq #sthatdfopnd indumesa nipxigiad Abule sHe
Thuso{he gpésgnt%etﬁ&fs P? Eﬂﬁtfé}élﬁ at1Aﬁ W%(ﬂ f&uthé g?zle?at n of

ages or su uring ot opulation s may
functmmatmaa;leapithehqmmp@elﬂs on of ceI s thatdifferentiate
into renal epithelial-like cells possessing water

10034 {0 Sged RedifRRBlrc e pelating papish e T TR result in
from'aBInSt ne Bﬁﬂno%o bhd Bl dote ihitkees BlolSattut Doitb abbg: J095 Bk @8lls

of enbryoid bodi es (EBsz An EB is an aggregate_ of
in thepepudationalifferamtiatiagite renat epidicldldikerrellaexpassignh@Pdbl Bius,

whent lgséacg th (%'H%f 1af%rﬁ%o&)n¥éﬁgﬁ gg%‘e(i%n{h% 'n%?%&l% diegcrfb 8?6%111 may result

germilayer erm

in soe dmd@cstmll df'thd IEEB catdifférbhteitmatto adrabepitheBalcliitd cllar e
first aggregated to form EBs and then the EBs are

[0035] When added to a renal-specific culture medium, epithelial growth factor
(EGF) and/or bone morphogenetic protein-2 (BMP-2) were found to increase
differentiation of hES cells to renal epithelial-like cells as compared to the use of a renal-
specific culture medium without one or both of these or factors. As well, multiple

passages or sub-culturing of a population of cells may increase the proportion of cells that

7



exposed to conditions to pronote differentiation into
renal progenitor cells. Since the formation of EBs
WO 28441166 the formation of nmultiple cell typedCT/5G2008/000263

indirect differentiation using EBs results in a

e PSRRI B, P DR 88, Bl °

forrratl on of enbryoid bodies in a hES cel |

[0036]i T fE{cqtdent inethoRObAS Br tHEGiréd® diTEbrénRAON 8 hBS cells into renal
efficiency of differentiation into osteogenic cells

epithefipblike crila avithait the dermiasion @1 e yoidibedesiBpspait EBus ar
aggreéeﬂ? gf éa/{e'tllis &}Eea}t 39 ?aalﬁarlt%]%gftf r%:&f g?ﬁ 2;81@ %rgﬁ%étg?xq e@llgh%\’\ﬁldftﬂﬁs can

contalli’l@ fmgah&@ |l tipep gbmi lagerspthe Gttoti et midoadesth el dndodeamd In
is. likel praovi de a hi aher yi el d of renal

mdlreetpfilffﬁ@p%ﬂom Eé éeléweérftwgareﬂé&e SuErMERY nditgen He EBs are
I e

expost LI Tbnllo frBStorq Ao A RAN R0 Benico ! EelsCS e e

formatihabf BBeladil§ fosthe fidnmtiod oflimudtgile yelt types, iddirecediffsrentation

ren epi t hel i al
wsing ERB 1R 4 b Re-BRetm s popetigenordl Byt ERrslf R lyw vield of
renal pYeBerdtor e@’s‘ ORngdioRRAd PBrmatidesdmpbitinelicdin £8ES cell
protein marker includes a cellular protein expressed
dlfferﬁ:n’qlaﬁmwm@h wlas &pindrimiprave theeffisieany ofwiilerentigtigrointo

R N T

the predet @athbd allohatora eRKiY g wnEbrne eélluldira@vﬂmﬁxﬁemt@nﬂ laahee
froman hES cell to beconme a renal @lthel [ alyll ke

homogenepus papygion-ofigiiesrentiagadsisyrandghysin dkely taprovyte 4 ighsrs
yield $1ﬂeﬁal%ﬁﬁflé} i Gkt \%{: 1 Sh 2 mdetoR) brvoRin th%%ﬁna@i%ﬁld)lf@@son
| es cells, expressing A I's thus able

to take up water in a manner functlonally simlar to a
[003%]enahs eqwdtlihmlm,ahe toah| “rémal, epithetalr ket 18 refersdd s oelboT ealls that

are difhtAn sy R PRS SRES Rl Bk Flpe BBl Bohtsin apers
includiRPeY drichore OF CKQN 8 GRBatbMACA QP AR%P-QKAQIFD?J Wal Regam. 1A

t he renal reabsorptlon pr ocess. 039] there i's
renal pmdwh@ler@ll @roteinioatkef indiufléses @ilmiaauom’cgmmmﬁseém hyean enal

epitTp RS B Spleif e B BB o e B

embry'blxﬁd Sﬂérﬂ celm:il SHithiafnirker MALBENSA a@ﬁncaéatmtﬂﬂza@qiahwu&& cell has
Cl\/% nol ecul e. [ 0040] The hES cells used in the

dlfferg#@geérﬁom B& cgHl o bergrreraercaplapihelinliiEsceldl | s. [ 0041]

As used herein, the term"cell" when referring to a

unea YRBbG fﬁﬂ'&tﬁ)‘ﬁ lity” Sefbf3 & AR aliBridtRI &Ta defl, & 11
[003ds]| ng:vg Cel | g 1\}\% as g | ur atl@lty ora opufcat i‘on o aee
populatedri that iScloilésarelly,, explessing rArQP'—Cc ahd &' thusatdt sotakete mted it @

R e e e
Thus, ‘“aLHeIl W p Qés@§s@§ wafldp @raﬂ%&ﬁﬁ%ﬁlﬁﬂﬁdrﬁh@%@%ﬁs&%dﬁqran‘él% bisle

are typi caI y originally obtained froma bl astocyst
to, hagthejcgpability of, or can function to take up water as in the renal reabsorptlon

process.

[0039] Thus, there is provided a method of differentiating human embryonic stem
cells into cells expressing AQP-1. The method comprises culturing hES cells in a renal-
specific culture medium in the presence of an extracellular matrix (ECM) molecule.
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known in the art, but nmay be previously expanded while
kept in an undifferentiated state. [0042] Generally,

WOR#PHHAE630f cul turing hES cells to maintain t FETEET20¢8/000263
in an undifferentiated state is known and thus the hES

R . . . it ont i ¢
[00461E; | SRS REITREE hEmE BfesplaAdnoiP b SRR AL RAE BIE
feeder cells, prior to use in the present nmethod. In
[004the Arhodi reesih, thel tedinf ‘fcell’ewhemtedetrinE® g klulnan embryonic stem
.mai nt aj ned_ by cul turi the hES.cel.ls on f.eeder . cel |
cell i isped Gyrefer o sateseldppyl i @ HyBH B 28PuleiERy! Ui der
Similh@Y,8he telf “BARY heklsSHQbedB oferlth 8 shER &8Il WhetéxBtckDallows.
the nethods naybe froma feeder-free cul ture. For
The celt argyits, a delgrowh isbdteh eultuge bt wrtissuagulivrd pletger Thel | s,
.such. Fs, may,then be. cultured in.t absence of .
undi a5 2 PR St s E B ot as i
knowh i€ tHedir Buf Bhy BxXpieploasiyRkRhddel (itile keptin@RemaiThpditiaidlstate.
the hES cells used are first cultured on a | ayer of

Fs _and then subsequently cultured on a MATRI GEL(tm
[0042], e Fengalig mecthasisof SRltHEE R eodis|te manaip thsealls & fEr
: Lol [ r [ ' o
e A b R
undiffirdritiatedstatatsingkndvhemeticids farhdist dells, ouitth&Svitkdut Seedeecells,

prio et SPGB P sl AR R e
maintdB2t 99 dlthiehSHUB BeK cell16n § FQMbNcaf 1aj@Ndich 68 hovws@etdblybaic

contains nutrients and factors required to nmaintain

fibroblast AMAWD feedelepen Ao anetherambadanenti ba hbf agsuseddn theometbods

he h | i f- ' .
may P53, 5EH 55 L0 4t 61 SO R LR S5 e

such AOMEFk,anay¥ thien & palised i Bt aBsehed af feeddr|cepopnm batdcoliylagudtrix
al. so be supplenented with additional factors,

molegul dFdige Feea el YAJRIGRL{ECE) onerBiRaimPalc s A Segllp used
are fifst aﬁ&% 51(@%9@12 gf,{_)(é%l?g @dﬁ% g{uefl I(sﬁgg:eﬁl)ll f g RiftSied ol ANIARIRSET ™

gr owmt acto , cortisone,
layer @pinp epintitioremedinch ¢allecied dimnhthedviER deqdEBlayer in order to obtain

Renal - s Lfic cul.ture nmedia are known and nmay be
ﬁbm@%ﬁ%"&ﬁgﬁ engl\; |h§§ @i nel uding renal epithelial

basal nedium (REBM and renal epithelial growth nmedi um

[0043REGM oraweto liddilce diffahitatioh 0¥ undifRlentied 4ES Wb are cultured in
renal -specific culture nedium my be s ed wth

| t

a rengepecifip pulie msdBmab dhe raabsweifie G&Bemmguﬁme Ay ipwh
. 0 0 , . 0 0/

e 2, 1 S SO A S o

factosurbduitred torardiintam rEychmhend, drewthLgil prokkfetatidn wif hBS BiMPiritluce the

ves d RS gt b7 Mt s e BB nes

contaftPhd¥h1 BMBrsdo 109481 ){Hanﬁ&? o£RAd] S YPopulREEH dnd S edsfBe

e
the renal -specific growth nmedi um
supplemented with additional factors, including fetal calf serum (FCS), growth factors

such as epidermal growth factor (EGF) and basic fibroblast growth factor (bFGF),

insulin, hydrocortisone, epinephrine, and tri-iodothyronine (T3). Renal-specific culture
media are known and may be commercially available, including renal epithelial basal
medium (REBM) and renal epithelial growth medium (REGM, available from Cambrex,
USA).



REGM conpri ses REBM suppl enented wi th about 0.25% FCS,
about 0.1% EGF, about 0.1% i nsulin, about 0.1%

WORBYHdef3t | sone, about 0. 1% epi nephrine, and &SIRG2008{))263
tri iodothyronine. [0046] Wthout being limted to any

[0044]alr U4 dpBEAE ¥ulnR B SR an Q%rs‘dﬁ%EQEﬁe@tmﬁhﬁGﬁff&eCt

omtting different factors from
exampleqbq)uté)cDSI%) to 18t 2604 EGFt ahouh®06% ﬂmaba@tdll 9% dGF, about

0.075}(28 biafho SRR dr b St RS B2 T R Gibetify el

medivnf) Fﬁézla[bg wishipsieBhted WidnBIAPb-1, Her dxamptedtott 0.9 té %ait 50 ng/ml

epi t hel i al -I| e cells. Thus, the renal -speci fi
BMP@uahout b toraleriut A5 ing/ngl FRMBri: o PRI 2. i:@rﬁbputslé)sngﬁ@isBMP -2.

i nsulin, epinephrine, transferrin and EG-. |n anot her

A S

REGMEﬁmpﬁBes&R]EBM supp el entedrwittadbyoux 0 QEZNY CSraibeatud. €% BGF, about

the growh conditions in order tqQ in .

0.1% tfﬁé iy r?gP‘f“f %ﬁxyrl%cealsﬁ@ Bat 10 gotieptisce prd shat Sﬁ? piri-
lodoﬂg%ﬁlﬁe expressing AQP-1. In one enbodi ment, the hES
I's are seeded on culture surface coat ed wi th ECM
rml ecules to mmc the epithelial basenent nenbrane.

[00486Fhe ‘E’@hpmﬁeeltgﬂn@twhw aoe parficulackhaony. desadongrbsetvationseofdhe

effect ongarr%Bg U‘rl]fergn r&%&?ﬂ@%{l}}% fﬁs %g%ﬁ&lreggﬁ ﬁ%kfll In

attachffen€ Ghl héditiey, ﬂ@@hfm ém@@ﬁmhe And ‘craﬂiﬁfémﬂ,m@qﬂh}agﬂés 1h)h@S dell
or MATRICGEL(tn) (BD Bi osciences). MATRI GEL&FQ@
prolifprgtion ang E@mmazys@amgéﬁﬁhm Reips Aiffreeiiatipn ph S Gells o renal

AR ous
Gl s RS L i b
comptibeatF Gy, énsluhm,vapmephpn@ tmhefetrmeand GBI [rsdnvéretr embodiment the
epi t hel i al sues cluding lam nin, collagen
renal‘?ﬁ)?f’ﬁﬂ;e‘ﬁgﬁu P’P‘a“t%épﬁl%%@légr ycans and entactin. [0048]
The hES cel | s are grown in the renal -specific culture

[0047Tedi mdiRichhe tHy resanpecifit cilf@e BB RGittecdRlar tndttitre
(ECl\/Be” od and at a tenperature and under r owt h

srRlpelvisdnaluded igitmgropieh pendifeansdm prdsy Bripiege tbﬁ of at
undifi'}&:,\%‘?i%t.eﬁ ?’gng 8{18 ggr ﬂg};eg‘ﬁp élllt8 Rl %?%sgﬁﬁa%iglbe t ur ed up

embodimenq tikalyBS célbrarexadpd en f:mlﬁn‘e 5urfzﬁ:ed:aytsd mltth(CM] ndeléCules to
. .days at 37Cwith 2-10% % 050

mimi b epnelish fesemsRemREgr The BCM Braltle BRLbEuM B Wed

molec‘ﬁﬂa (‘3’1’ Iﬁﬁltdre BPREhAkIoRuRY @ﬁht QSpporis Bhd growh MRS Ol iYEEY

thin the population or culture will necessarily
specnfm ¢1ﬂ@r@1mnedm Hay example} the i1\ swélecplongry be fibhnscting dampinin,

collag%g lt}lfpsé Y% cgrmdgﬂ&EgQQ %ﬁtélggmgl{ces) MATRIGEL™ Matrix is a

solubulized basement membrane preparation extracted from EHS mouse sarcoma and

comprises various basement membrane components and bound growth factors that are
known to promote the establishment of epithelial tissues (22), including laminin, collagen

IV, heparan sulfate proteoglycans and entactin.

[0048] The hES cells are grown in the renal-specific culture medium in the presence
of the ECM molecule for a time period and at a temperature and under growth conditions

sufficient to induce differentiation of at least some of the hES cells including expression
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culture may not differentiate and may retain their hES
nature while other cells within the same popul ati on or
WOA#PRAe63ar e i nduced to differentiate and to &Fr¥=808/000263
AQP-1. [0051] Thus, the present nethod may result in
of Ach_ iferentiation of the hES cells to cells expressing
QP-1 to the extent that about 2% or nore of the cells

in the culture popul ati on express renal epithelial
[0049ar kEarsxainplsh theiaels anay beasliuradpp to 3% dayshfartexampledtose 5-15

days oarﬁgorﬂzég ‘?aﬁls {:%r e?(’gﬁ%l?% é@&’tﬁq 5%}) or2I Pmr ':\Qja%ouf\qg%4

or nore, about 10% or nore, about 15% or nore, about

[005040% A5 stardebove, el themi¥sent mathods afe pehfermed bn a cell population
pul ati on may express, renal epithelial cell rrar kers.
such 47 Gt EnBoidveRhtedl WlfdPB rhednpuiationor sulgme wll georssarilym

R oy gk S0 10 SRR bR
culturb @84y mot dfffepentmboantd B&5Ptdton e HE SO trefwitileetiver|cels witin the
ifferentiate cells, ex and po
same GoplE Rl Grsy S0 o P Rty BRsbis oA TIRe SRR of
differentiation to cells expressing AQP-1 nmay be

[005T]eadThs, fetpRésehiaethby niyySdult if difk@ERRifiol SF fHe SPGB tdlcells
net hodof ogy, including as described in the Exanple

exprepandMQPsLirha sxtephibiaciost Deies maza pf the cril g fhe culiet er n
populQ‘JuSH {pgigsg Eérgir 8% pglcrg e}seﬁlla d Cat legagt f&@@t iFMHt Y\{hlch maé/ also

el n er nor

express dﬂe| aafimdry o EKWESB- eenemﬂl,l AQBJQ&? mQFill afd eRighlir OPsH Xbm@le,
produced by the nethod of the present invention and
abouté% QT BPRI Spiv BmAts kb PG Qreners, abayt bt or more, about

20% ﬁH{ﬂ%g& %%@%52%%@0%%%%? %}ﬁ?ﬁfaﬁéé ?’ ﬁféfs%]}e%a]beqlﬂlehal

cell mafkdrsh eInaﬁhdrsnﬁb«»dtmaﬂs (ot atwat 290 mjmﬁéo%gtfmmabmd 5% to

shout b0 P PSR LA RGP aroCPr dopb el B Rbr S o dort

20% t%’&@@t?tlg()(%,t& ﬁ%nﬁ‘)ﬂﬂﬁ& 059:Cto 20OMIS09 o f HE A% Baf HHREGSBR ells
mar ker such as cal cein. [0053] Subculturing of the hES

expregsgng 4 QPol awsheossiblnether reualicpitbeltl mgrkent.-h period in a
renal - specific growth nmedi umon an ECM nol ecul e may

[005%]”“?1?9%&6:%?){&{%%?% a?Eﬁ' b ée?r %Qﬁﬂe?_s&ﬁgoﬂg;%f HA? b@'?%d s

0 rena thec I l's
deterriiiigd be arskilied @arsbh asing hﬁndzﬁ'dtmalhodblld gyufrﬁlumiy asdescribed in the

[ hed dth I d f h
Exmgﬁy?or@p%‘\éﬂ gsa%ngv%ﬂ%ﬂo%&Twﬁf%ﬁ%ﬁaéﬁw%te%mw%ﬂ% and
PCR %efﬁua&bfs%g%ﬁﬁrﬁ{@l r&d oth?Jaﬁi%ﬁfapﬂl %ﬂ)té&ﬁ f F@’g}e?rgo?éo

ays, fromb ays or from7
simildvigy bm%ﬁn‘: dffereotidted cell popubationippddced bpthe rﬁeihoé&ﬁﬁhpl e

o R B TER A G TRl ISRk oy 0

recepdlr Efqﬁéﬁ'iﬁﬂ oAk, {RIRNEY @35326%11'CD-[1@§)51H ad¥@sh, the ability of the
nor phogeneti c prote|n2 BMP-2) may be invol vedln.

. cells tgﬁap@pﬂrh@af@hmay be determined using methods as described in the Example

below, including assaying for fluorescence before and after exposure to a hypotonic

solution, using a fluorescent marker such as calcein.

'[0053] © Subculturing of the hES cells for one or more additional growth period in a

renal-specific growth medium on an ECM molecule may increase the extent of

11



AQP-1 expression levels in single cells. Thus, BWMP-2
may optionally be added to the culture nediumto
WQ R8Y¥48@ t he nunber of AQD-I positive cells JdS{TAIGEeP/000263
For exanple, fromabout 1.0 to about 20 ng/m or from
dlfferet%ﬁgﬁ'%b %ft tgcre ielﬁrsr%g?#r% r@&aﬁ %E{tﬁ’él{aﬁi\fg% gellggﬁgg SXWL’ U[Hﬁ fellsnay
be renuvied diroen the diitiah il tutehmedivm, npmqngllyjfwaslmel mhldfthmpﬂad:adan ifiesh

T T N T T N N —

SHRALS- IRt ist By @Rkioa ﬁmetdla  TH W18 EHal) DeRassaByd
SuChapgll%%t? at V\:hyIBCh t he C«g%ﬁfs O be su%dcultured ol egks <

or subThéired awbiple ees dor @@mpémomw t\w, thueovioueidmen Wthhf way
increaF R Rl O E 1 18 S RS na% ARl T BRSO 1Y

used in cell therapies, incl ud| ng to treat |ost renal
[00541] u mﬂdmmnorbmog@aéﬁct pmt@m 2 (BNP-2ehhgbeiqvobed iim gwﬁ@ﬁhg of

present 1 nventlon denonstrate water na‘]:;ag (?({
AQP- % emﬁssmalw%lwgéﬁ cells. dhup BNE;2 mey entiongly b added to the
culturggxgﬁfuﬁ{ {09 Bcraaqhé 9@1‘ d?'&ﬁ@}?-)i p%?ft]ltgg %Ellsa(%btﬁgéd. tslaoer'eﬁample,

tiron, the rena eplth e cel
from qbpa‘sleﬁ ) ing/mlrmryfrope atbxap 215 te abt)utrﬂﬁ)l ng/ml BMRy2 andyibgh

inoludgH B8 el sty ThE BRI o i P e SERpl s memat o

beglmhﬂ}%\@f e i fasbathubh R AREd, For ex'aﬁl@lecﬂidr @ adtihg td1) th fhefculture
wi || be understood, a perfusion cul ture nodel

mediug, 9F ﬂ@ BMP&bmey be padedtsd latprestagey Ihhe idiferentisiion meihad,
t nmethod may be
e 01905 65 A AT oy 0 BERRRRL, oL 0
popul ati on of cells expressing AQ:’ I . As descri bed
[0055) boVihe préseniciabthod coypaenidndty ipoovidds ie el ﬁrasgamm;atlen pf edlls

expre%gég&@g Ir.;%(t]rgg_lE% ga{)y_-g}rege(i)@g%?dl n eé?,gp?rgteccl ﬁclfarr]x be

used 13 cf@:l@fhef%‘ié% 1n@ﬂ1‘aiﬂg 8 Xpeaf 108ERal fm%h ﬂaq%i‘t%uldfot‘h@ cel@out
% or nore, about 20% or nore or about 25% or nore of

eXprestsh@ A@P11 cgfdb@p@tsmﬁ mnveation demenstrajkprater angpert ﬁmctm@hé}' _

which G kB 2 18 Siacr FALSENS S slif BFEiaSEPORIRA 3 | 1h 9Mition,
the reddl @ﬁi‘ﬂiﬁh@l-lhké-&%sto@ tlﬁiﬁldée@ﬁl%nﬁdrﬂﬁﬁﬁw taphblodf maallﬁ@Lmlng a
50% from about 20%to about 50% or from about 25%to

high dggrsgf W@%xsﬁanm%n%magnﬁﬂyofew Wﬁmq‘bﬁ%QPd)@%Bﬁeé%%n after
7 dayébtg%uituférlﬂ g) %Elog ‘Bgﬁ!aac ﬁlﬁf‘claﬁ@% @?B%TM Ogg]wﬁll_tﬂ)%
e 5 may us

resently SCri cel I'n vivo or
understodsd @ pedfugivn cultee aeldebmiraks as spitigeliabbarier ryalres g 4 basgl and
tionality and may be useful in regenerative
lumin tsﬂét egi es such as regenerative therapy and
bi oengi neering. Regenerative therapy involves the use

[0056)f CRiukSthb grers@rna}héthéu ma§ Bk A6 HipseReed chil SEpiessg AQP-1 or
organs. For exanple, renal-like cells are delivered to

a pomalafmnscefa@hls: exgraniig ARBrle Andssorbed abavarthoedl epapslation of
cells ta clax%%eess toﬁler 21;%11’[ Cﬁlaf)mar(f(ers including CK-18, B-catenin, CD-326 and CD-
133. For a population of cells, about 2% or more, about 5% or more, about 10% or more,
about 15% or more, about 20% or more or about 25% or more of the cell population may
express AQP-1 and other renal epithelial cell markers. In other embodiments, from about

2% to about 50%, from about 5% to about.50%, from about 10% to about 50%, from
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damaged tissue (2). Bioengineering is another
regenerative strategy that involves the use of organ

WOBMIHPE cel Is in conbination with other factP6Is8SE2A¢H/ 0263
matrix to create a de novo repl acenent organ (2).

about [19‘%5@ labblt 9085 RS de?ft O U0 Bbifut! FOH DR ibeati i@ 5% to about
nbryoni c stémcells could potentially provide a cell

50% osf oher eodls gy diBbtentidte kapspress rdRediaad ofhey rasl gathelial markers.
However, prior to the present nmethods, directed in

R N N

possedsir@vitESram ;[o@mhlg ﬁMbﬁ#ﬂﬁy ahd fiag G elSethﬁa rb@@@raﬂhﬁ/b sRitegigs
hypot heti cal (2,12, 26) such, treatnent of ?nal
such ag vf@&eagr@tlﬁ@ﬂwb@éwnﬁbiwgmﬁm é%eg@ﬁeré%%ﬁherapy involves the use
0
of ool SRR LA Bhs g RIBRE it Sharrplty b ER VIR 5
delivefadriota diseasalrkibreysultare defyuakd incompocitt tedefiycethefimction of
pDr oxi e bule.etthell cells isolated fromkjdn
Sy B R RS A e TERy BB G ReY (56l T use
of 0rg§1¥ SR delid 4 conTBihSiAPRIR BMkr PRBrOART ﬁﬂdﬁﬁ&%%fréh'té ¥de novo
denonstrated in Phase I/11 clinical trials, with an
replacemmntrgrof2ct i ve barrier on the pol ysul fone nenbrane
to permt the use of all ogenel c cell sources in a cell

[OOSSIABS:I'(E)‘Q% %éeﬁ pf'e‘l)%d[ e gcgél?% ﬁb é“?t‘é I Héegéuad potentially

provider ag@a:hlSsglufaeg‘anr’:&ll\fﬂléﬂlapg mé@éd ()1 718 ZSr)&ﬂ&pé\EHﬂtlﬁd)rltcﬁ the present

avaj.lable, thus only in a fewc e dono
methodsflifssted dn yidrageensragion ef renghlike: ?k %ﬁmﬁ% aalpst Wagnqt %POWH
and thE W Bn %S 0% belflRErGBd fbROEY inAia tﬁ&aﬁ?@cﬁteéﬁ@s‘ 185 been

transporting functionality, the cells expressing AQP-
primaplyddpotetied (2s12;20Y Asoswh,etrqatm%mf ramet dischse hasouded enaanly
P readi | btaan?agl e sourc g%ls that may be used in
Ocuseﬁil%’a‘?r@ 81?%’ ‘SBIOégEi%% ]Eap?ﬁ Jees in strategies to

repl ace |l ost renal function. Thus, also contenpl ated

[0059)er ePravietiestteNds e sABWn Rt IﬂM‘énaﬁIQéaHsb@tlbﬁ eaidiien cavbe
' ost renal function that incaorporate

successfiflperaafested By hempn prozipaldulylpgpifobal C‘%‘ﬁ igofefrewdrdney
donor o?%agxr@ :alhé’ Qee[dgﬁ) B Bélargﬁ?orf%r}ﬁ)ﬁg e gﬁ@éﬁ@pa? MR Qfgg?ef%g has

ICla e assl st eV|ce con ni ng
been mme&ﬁny ldgméﬁ}%fdte@ﬁd&lasﬁ Ed clinicel trinls, Withan hiBuoepdotective

. e m ed far. the t t ment
barriek ey PR HEDROR DG83 DLk ey of SIRSERGF piibsasoss ina cel
theraﬁeuﬂw hsp1Rasdsl 198 H%ﬁre%reth‘i’sea?ﬂp%béﬂ iPBmied b mefs%ﬂage of
bres having an ‘i nteriof | unen. pi cal | the | unen

kldney éoncumg@saﬂrgwswﬂhmn@raﬂy bbsra@spla;ntﬁsﬂl i avasfable, thus paly in a
fow oY bR PRRC TR B0 h o P G S i T Bt

devic@tt ach and expand in popul ation on the surface. The
surfaces

L

dama.

[0060]  Due to their water transporting functionality, the cells expressing AQP-1
produced according to the present methods provide a readily obtainable source of cells
that may be used in bioartificial tubule assist devices in strategies to replace lost renal
function. Thus, also contemplated herein are devices and methods for the treatment of
lost renal function that incorporate the differentiated cells expressing AQP-1 of the

present invention.
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are typically exposed to fluid on two sides (the cell
free side and the side with seeded cells). Such
WOL09/81d663ar e known in the art (Ingenta) and nmliFTH¥:2008/000263
i ncorporated into bioreactor systemor connected to a
[006?';]5lt | €Re 1%§eﬂt E‘n\;e'ﬂﬁor{rﬁx%'@ﬁfes bel(ﬁrﬂﬁﬁélyc%ﬁe g@‘{ét @lngn{: O athing
or exa e, In suc devi ce a hol
cells mmlrigtAQPﬂcgcn@atetdrzn ey fpmhES mlamb ds‘upé Bog bemyed for
a, scaffald for cell growth. The inner |unen
thetr%ﬁmf: %ﬂgﬁlkb%ey%%réc "fay be coated with a suitable ECM
nol ecul e and cells added to the interior of the [ unen
[0062]) t Gengtiks Sicetifdialtabhit asi@ devices @bldedigeed Golwasdre fibres
descri bed above. [0064 Thus, there is provided a
havingspaggrier lugreap dypicglln t%%\l“m?@ is foxmedat leaw ik pagh by giteytlar or
n
fot X BT bt BREE S Tl IS B B TRURE pBfuR g o
memlrehd and altowvedrio iattdchrand rexpamhn populatibiobh thw sirtheee Tiewuefaces

the interi n coated
are typieafly amf&e@ g e S (PbEOhBee Fhe ﬁ'v'av@meﬁw{% with seeded
ceus)cglhéha&%{beb z(req&%“l}{% m@e@{ (IHBnkd) nd h%ﬁo'%]maf&soﬁ%dlmto

popul ati on may thus be grovvn on the”inner surface of
bioreadter sysfietnowy donfested: to aativntche imthelmannehef biliehysisideviseal

t ubul e assi st device a nonol ayer, including a

100651 EERecAIRE 8} Rt qclec T SR ek Bl SafiThdeSo B o
memb‘haﬁé Qirfiet indilydd vsed expscaibldiPedll gowiiesThe bmér lnbevef the
[ 0066] hES cel | Sd@\ﬁl or to differentiatjon

hollowdiheamayhesoping wiena iabls FCV madpes g esiis aﬂ%@rto the interior
of theslﬁ th 'i‘lgthe%lr&s% nadd r&?ﬁl)éﬁe(flﬁ@ cﬁﬁi egil}?fn B€described above.

erentlate Inare speC| ture medi um pri or
to seeding into the device. [0067] As stated above,
[0064he Ebus, ﬁier@lscp@O\QMmethnﬂ@f ptﬂ@amg adéee, dlie mkool | ow

compgig aiicten’ ine B8 4B HEEHS e preorioe AT Bt Bresibritone

eitherfdre od BAE seSding &t Rilg ﬁﬂ!@i b i@ Sor{l@med bﬂ&\hﬂlcﬂ?ﬂ @ibre device, the
mul tiplication of the cell population using

interipilygien spated Mt afi¢Mmsolgede.insludiag gag e m@@mof fibronectin,
q08),a the presently described cells
lamm\%gt%ﬁ?éeguch %g g?&?&gﬁé cells may be used in

clinical applications while being separated by bl ood
[0065] r cThacdlbpopuiaioamiayfthes tad grommemahe gineasurfeae of thedollow

fver {oGiaRyiof Sefsh e i TR b Th G55 RS} o st ey abaging o
conﬂmlt ﬁnm e at:tshawéﬁthewmik%fc@nsew d ﬁdflﬁl@atﬁhqmﬂ $ome of the

[ 0069] e above descri bed bioartificial tubule assist
cells @é@ﬂ@@emﬁecb@ efpeeds AQPHT andesaribubibere. having a renal

related disorder. The cells within the bioartificial

o0s6 D 128 oIty o8 LSRR BRI SR A

differentiated after seeding. Alternatively, the cells may be differentiated in a renal-

specific culture medium prior to seeding into the device.

[0067]  As stated above, the cells, once seeded into the interior of the hollow fiber
device, may be expanded, including to confluence. Expansion may be performed by
growing the cells under suitable conditions for growth and multiplication of the cell

population using a renal-specific culture medium, as described above.
14



filtration and reabsorption functions of a healthy
ki dney. [0070] Thus, there is also presently provided
WOLORMRHe? of treating a renal rel ated di sordePGIS(2008/000263
subj ect . The nmet hod conprises connecting a
i 0 :
10068} D21 plohiehe bl @SSR b REPA RAGRLE TfbLels may be.
used fﬁrodalatdahzg)pﬂncaimmlw}nbl Mr@e;imteddbgrblaf@f @rculdtion yin artificial

. approach f.or ohtaini eneficial .or desired results,
immuphfoeisal rsriets; TelRGing FEl of FunusHRietion of OtBer HHRiTeeg
compﬁl:altﬂ)hQ 8hd FiSS S Podsib R tuindGli PG Rsis R clAh 8y BQur Wifl drﬁ?ffér&atlated
'eviation or anelioration of one or nore synptons or

Stem@ﬁd\lﬁdltl ons, di m nishment of extent of disorder or

di sease, stabilization of the state of disease,

r event f d
[Oosép}lr evgﬁ ébé)r\{e %Fscn%\ég Ib%%ﬂﬁ{]caal %bugéegs%%?% 1§eergg%§§ g%% to treat a

subJeetI Hawing @ r@ﬁaldelmﬂdﬁrorw The eclbewitio Yictssartificiatl aibaya a3§1st
| ow ng of disorder or disease onset, anelioration or
devwﬁ Blayiast wéﬁaseﬁorb [yebgianssy wihinghe Eﬁ@@é@é’fa@#&t@ th%lmlckmg the

). "Treating" can
ﬁltratgq%?gﬂﬁg%ﬁo% ﬁ%lﬁgééﬁdr@%%?k@gg subJ ect beyond t hat

expected in the absence of treatment. "Treating" can
[007Qi| S oThmaﬂlermisialﬂOtprmgntlh propidegaesghathobteating arrdeal related

asorfs SE88 Bt 1% B o PSR R s PhpRFlS] Bl
devick BF Ble\peSchtihléidnltb e s 6@@ﬁﬁﬁ&me&6ft he di sorder or

di sease permanently. 072] The subject may be any

subj ect 'having a renal rel ated di sorder _qr requjring
[007) eafveating f sinabrelaterhflisordpiucts h Aogetach forobipiping beneficial

or desrn%h L&t %%ﬁ&ﬁ%% chﬁﬁ:&ﬁfe%ﬁso B%Hé(ﬁ(ﬁblstﬁ%%ﬁredddlﬁ@cfag fdsuf®{ can
con Ithon cause, resu , I's assocl ated
includsi, btut arenaf hrdﬂqbtme a]dxthhrmnmr amehatatibmbf omeeqr more! sywhipttgns or

COIldl exgqh nggngtg%gﬂ%ﬁa exl%% af «fhls r ocgt;a;{ipeéis% gégﬂ{zgﬁéribf tgé ist%Petc;f
diseadd! ﬁf@éﬂ%idﬁscﬁ*d%ffé’lﬁbﬁent‘?ff dDRRIY bt HiSeask QQZv?énuGﬁ oS bbRof

~ above, such devices and uses of such devices are known
disorden or Hiseaset datashes sk Wing of Hisorlley prdisease pgtesianadalasnerelowing
of disﬁfécfr% %,)Llaﬁséag ?)‘résrc]e? %e?%%a?ﬂ%lr% %%ﬁéla‘géﬂe &? tglg \égsﬁsdeg br @sease state, and

remis€ih %ﬁﬁhéﬁ@a&@al@r $athl) eCTreatit " tdag aBo bpedatprelohgingu@tval of a
fluid is nped throu%h t he_devi ce, past the nenbrane

subjegiihepond,a @negteé dethe@besmce ﬂ%tr%ﬁ@ﬁé%‘"rt cafipR’ 3n afsgdnean

i EPERSEATA BER Rl BRfod B Dl B R o
diseadel tainglofariypatthenghuhpregirefesblya i deeblvdsraltgly the progeassior of the
There i spal so presently provided a nethod of

d1sor<£qr85§4s%§e£e¥néﬂ1§ Yel ated disorder in a subject

conprising inplanting a cell or device of the present
[0072]nVEThE Qibjdoh nyPeking Ghbijbd haeiad atrbeil @8lhted disorder or requiring

treatment for a renal related disorder. A renal related disorder refers to any disease,

disorder or condition which may cause, result in, or is associated with renal degeneration
or renal failure, including nephropathy, diabetic nephropathy, nephrosis, Bright’s disease,

renal insufficiency, glomerulitis, glomerulosclerosis, or nephritis.
[0073] As stated above, such devices and uses of such devices are known in the art.
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[0075] I nplantable devices are known, for exanple as
described in US patents 6,150, 164 and 6, 942, 879.
WO 90%7%166Bhe cel | or device may be inpl anted udiGigG2008/000263
standard surgical or injection nmethods. The cell or
Geneﬁﬁ%' the 10RYe Q%sé a@tﬁ%ﬁ%r mifhr 30k baReRiSHAI B %dlﬁﬁ @&1103 e gr
ect to provide therapeutic treatnent o
hemoﬁkttaembn dedics OTUtEdeVlee(lB cenrsenist @x@nmlltyeto \Msebjectramiahe subJect’

epit hel i al lls ar uired,,including in.the,_ren
blood P gl ooimpgd Krrcueh g UETER Pap by PRy L o el ar on
the o@fos@eeilh@oieﬂ‘@ nRSSE MNFthdn evehﬁt‘éil&' dhinfPihk Subjbéth he ells
bioartificial tubule assist device, possessing water

are able torteanspart watet astheibdondl artflpid orthe sibjec iephsses thrangh the
subject. The term"effective anpunt” as used herein
freans an anount effective, at dosages and for periods
of tinme necessary to achieve the desired result, for
[0074)x anPhete it ddsd presently peovidetiod mebba b destirpor @asl. relatd Mdorder
The nunber of total nunber cells to be adm nj stered
in a syhipqt compyising dyplanting 2 66l edrvics ot thedarssent inveRtiQinAgUbisst in
ity and type of the renal related disorder, the
nemi%%ﬁgfof adm ni stration, and the age and health of t he
subject. [0079] It Wil be appreciated that the cells
[007&x pr I@gdamgalA@npemy kivewm,don eagtpde exddaseribaddaUSpatenis|
I der in conbination with other treatnents
6150&% ggég?§25 i ncluding drug therapy, dialysis
- treatnment and surgery. [0080] The present nethods,

[0076]e! | Tiogll @tdeoits mayde itptanssdcisiipegarmdas] fudgichley i an jection
exenplified by way of the following non-limte
i i

methqds o o sell pdavigermay boiganlantshiip siteblesiie i thPﬁu‘PJﬁFtstO provide
theragotAFRESmeH IR A BRI %e%é&d@&ag? cttlé; £siReped o8
arious culture surfaces wt differ nt extrace u ar
epithelmt cdlbs afdECNpired mupdwing & thedenelpionineal tibules stewchire.
epithelial growm h medium (REGV). This nethod was
di ff
10077350, K FpkftiieameRERt o Rppainghey € odine eiovitin e

bloartﬁﬁmtutbﬂmugs@ﬁ dstieg gﬁeggaﬁgwat@ﬂtrm&gbﬁf teh@ionb R is
reveal ed exgﬁe55|02@of ﬁ%g; and %% i ndi cating an

adminigipref ép fheg|supieetn othpgerm Foffagtive ampwnty ys YiedlSERIR Hipans e

|5
smnouff K0 8o d B DR ol TR S KB BRRE Besine
resulttfa)bakaanplb)’toarbdtmiecnmal tdhzﬁedjdtﬁéxdeent | at ed cells
exhibited functi onal water transport and coul d be
ul t for yS|na usi.on .bi or,eact or w t hqut
10071, i e of sl e el b Sopfidedaiafia B Sopepitien
severﬂ'fﬁét@fseiﬂhluﬁiﬂg(%ﬁe RivRHBCAId t ofttH@ ré@BNRIAéd @Bor@br, the mode of

functional renal epithelial-like cells that can
administration, and the age and health of the subject.

devic

[0079] It will be appreciated that the cells expreséing AQP-1 may be administered to
treat a renal related disorder in combination with other treatments or therapies, including

drug therapy, dialysis treatment and surgery.

[0080] The present methods, cell populations, devices and uses are further

- exemplified by way of the following non-limited examples.
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potentially be used in strategies to replace | ost
renal function. [0083] Materials and Met hods [ 0084]

WORR/RId643 cul ture and differentiation: The HURSTAS(2E04/000263
i ne (obtained from Howard Hughes Medical Institute,
EXALlﬁ‘p cultured at 370C wth 5% of CO2 on
neorrym n-resistant prl mary nouse fibroblasts, strain
PMEF-N, CHEM CON International, USA) in
foosfi/c EatnrRis, M (Invitrogen, USA, Cat. No. 10829018)
suppl enmented with 20% of serum repl acenent

[0082] nvid m@gﬁﬁmpﬁahumhd@ embBBARCES (hHYpwdre Gkaded MaXarious culture
(Invitr g‘q% Cat. No. 35050061), 1% of anon-essenti al
Surfa%ﬁwm%l & @ng%ﬁt@pﬁlaﬂar(rnﬁw(ﬁ@b{@rpowentmn quiperd ipsgpnal

ot B R RpobcrLEmELR (Loypigenrn il

renal epnlﬂ@i)al likenadlisr Affen] 0 gk of bidiurd BSREM)lmrmmd)h&tob%mfstry and

t oet h I 21985023 h
Westn G AoR HoRaa Pt ASE S ad R s DR el
phen@c?}% el oW éytbn@eh%r@hgﬁve@ ?Aa@?ﬂerﬂlff@eﬁﬁﬁed b&fhad BReD %Uefafé? e

di um was changed every day and cul tured between

eXpreamln m@ﬁliwmﬂarrmh@tdndmd indvethngghal prexipgbivhuler bdeEmn the

citteci Gots SEbBod RRES il e g Sy Bt Tor P aays

in a pbifhsion bRséactoryEthoweloss 6 AQBI INdxpesisiol. Thls, allis ir[eymﬁll piowdes a
I nvitrogen, USA), scraped, and filtered thr ou 100-
differgntiation. Protagolfpy the gerpratiqn of fpgtional repalepifhelipli 6 odls that can

POteng@aﬂ)%égtﬁE %‘iénf g%% e éijoocﬁﬁéggtﬁﬁ%%gl\:/pesculeteL?gn%/l) ask

cont ai ning conditioned culture nmedia from MEF s. The
[008BES MEitedalsand Methods t ur edt wi ce to obtain
fibroblast-free culture conditions (3,18,21). The

1008 PCRES Rl tp kol iy Mjactolt wpp s ol FRF R rom

Howa#d Gidghey eetical Iﬁ@htﬁteﬁUSA) sxfas chieul&ESt TP with Bwﬁﬁaoynp n
expansi on, the cells were seeded_on various ECM

neomygpeesistantoERTH grovsn Bbrablastss depin BV Gt X,
o iR TR e O R G SR
- 108281 Syredpplernentghwith BaYweifistfuer seplasahemg {RBRen, Gat Noal

tos2 BT Skt Lo BBRG sl colponld ool apon-sisenial

am1n<5h<9§ §bl%ﬁ5§ @Invi@%%eﬂ . Ne43 3@ D50)L 1% st eﬁcﬁﬁnlsﬁeﬂo%cﬁﬂ

he sol uti 6ns were eac 0se
(InVltSQHeﬁa@@t . 1HF088), G4 ﬁ%bdsifangOblﬁ@t grh‘@(ﬂl ﬁaemn(hﬁﬂ}F)

The c ever
anviioo S TERORAT BRR SR By e H R T iRepy 38, o
21985023 tT rﬁﬁ%agrm@m@ ﬁ@&iblasf‘d@veré p}at&{lin?é wa ﬂaélc cbatddwith 0.1%
f ol the addition _of 2 m of trypsi
of gelaln 1($1gmazgé,A@ L hegrulipregredium was changed every day and cultured
between 7 and 10 days. The conditioned culture media from MEF’s were collected and
used with hES cells along with 10 ng/ml of bFGF. The hES cells cultured on the
fibroblast layer were trypsinized (0.05% of trypsin, Invitrogen, USA), scraped, and
filtered through a 100-pum mesh. The filtered cells were cultured on a MATRIGEL™ ™

Matrix (BD Biosciences, Germany) coated (diluted 1:20 in Knock-out DMEM) culture

flask containing conditioned culture media from MEF’s. The hES cells were subcultured
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(Canbrex, Cat. No. cc-5002). The cells were

centrifuged at 500xg for 5 mn. The culture nedi um was
WOREHYdeP3every ot her day. Human proxi mal t ubulPETEET20¢8/000263
were cultured on a fbronectin- coated culture flask in

twice {00ty RGN ¥l B B8AL B 8 AP Phe SRR o RO Gy
(Fig. 19/ Sdx2 D% endRE g, @&&3&1 byRRIB-RCR bl y<ig) (Bipd 1¢veonfitragl the
...RT-PCR._ The total RNA was isolated fromthe cells
undlfggqnﬁﬁteéﬁ@“ﬁﬁlﬂ%% fellBNA 11 i sol ation kit
(Macher ey- Nagel , Germany) according to the

[0085TBNUfB&H &NfRhsidn, Rﬁ@&ém%re (R8edbs vRASABM @ hrﬁél%é\lle EWings

was reverse transcribed into cDNA using t
and cifuged eap@BEGM (Chnbrar CBS A fdei7t-10 Apyst The EBIM sv&mwere

prepaish 8 SptKhtes otnecity i Bhatey At oS- S 1R} SP ettt Puyfibaphote-

bufferd@ XaAMR (PBSY, dibilrkil 15 6usehafthid Gnidrobdn, ChheNd.83016008), 1.3 mg/ml
m xture was incubated in _a thermal cycler (PTC 200

1:15 diatedpdBS andmpllagen NO(BR Bieseiepers, CatgiNoo detP 3By, : %ﬂlhlﬁed in
oos \FIRG: The By BlnREl B ptan o BT gl e

flask arelthan mmmddl‘lﬁé mﬂiaremeﬁuﬁaﬁhsfmn@dmvmy @€ dayr TRO s,

0C for 2C f{ Lif f 4
SubCU§Ver1%%Wa9rﬁ%r Pl PR i b '_e r%%af-ﬂ%a cc-
5012) Fﬁn‘ f@mﬁ%( Qélﬁﬁ%d:ao}pthtS Qddives 611 ARRE &?]?sn@h@lﬁya?ﬁtz@ﬁ@) soRidh

and the respective human sequences’ from Genbank. The
(Camlprek yfgats NovegceS ). f B¢l cslls wes@entrifogasaat mmmm@dmre

medidgyves bnbi et e b O B PR B Oy Al o

fibrondiri-cdted eflturs Saxkein REUHE [TAhbicCORGACTAT déehin &:5etdnehts,
Oct 3/ 4. sense AGTGOCCGAAACCCACACT [SEQ 1D NO :

NO. :
BCP-Zas a@rlquaé HEPFTRCenanta Aere-§ SEL n@m@ theg{EG¥pg
sense CGITCGGECCCAGGCTAA [SEQ ID NO.: 7], antisense
o ARSI T Il it
e FOSHARMAG {selaeoi Kit maghegt@}] Nag€)PGRrmgany3 eccording

to the @Mﬁ SE% O.téj}i#[l] A X%gtré\%ggeﬁgaélscnbed into

cDNA @D&\ﬁf—ﬁ}chﬁe ApbBed BRI HERBSESA). Briefly,
%TCAT ACA [SEQ I D '6013%14] AQP- 4 Sens)e Y

GEAONATA Y] BB IDXNONtainisE R TontfesaREEP mixture,

rmdo%@%%i égg/@l) Bll\ll(R)@actlTli]mxlgp gal 1 S@aa%ed ina

thermal cycler (PTC-200, MJ Research, USA) for 10 min at 25°C, followed by 2 h at
37°C. 1 ul of each cDNA was used in the PCR reaction with the Platinum PCR Supermix

(Invitrogén, USA). The reaction conditions were 95°C for 3 min, 94°C for 30 s, 55°C for
1 min, 72°C for 1 min, amplified for 45 cycles. The primers for PCR were designed using
the Primer Express 3.0 software (Applied Biosystems, USA) and the respective human
sequences from Genbank. The primers were as follows: SOX2 sense
CCCATGCACCGCTACGA [SEQ ID NO.: 11, antisense GGTGCCCTGCTGCGAGTA
[SEQ ID NO.: 2], Nanog sense TCCTCCATGGATCTGCTTATTCA [SEQ ID NO.: 3],
antisense CTTCCTTTTTTGCGACACTATTCTC [SEQ ID NO.: 4], Oct3/4 sense

AGTGCCCGAAACCCACACT [SEQ ID NO.: 5], antisense
18



GAGCCAAGGGTTCACTAC [SEQ ID NO @ 18]. AUprimers are

given in the 5 to 3 direction. The PCR products were
WO 208U eEd on agarose gel and visualized usi ng FATMGRIHR0263

brom de. [0087] I munohi stochem stry: The cells were

TGO RO ST TACA T MG I et Ot ek rRRseTan

[SEQ4DINOI: 6 mwbmer@mgGm:s\GAA%mfGﬁmwmAwﬁém [sazcmm (oR
; I LR :
81, 183aptie CoBARQHT EaAG AP ATah F$Fr<a Eﬁéﬁé“ Gt X

GGCG'G@‘#@A’PGG@MPAA@? Q:Hj]Nld]t %rrse USA) and
cytokeratin-18 (CK-1 8, Zyned echnol ogi es, USA) were

CCA@CTGC@“&CQGATCQAH [:B‘EQID_M) drd, antisersat ed for 2 h at

G16H QR RS A e I b et ondary

ccc&n@eboﬂr@sC@Acaraﬂqsm IPNEA13L aaﬂgbnw PBS contai ning 1%
BSA. DAPI was obtained from S ﬁma Al drich

GCCQ SECASACEBOGIAR A4 RER 1 NOHGH, PP dgoaserens wer e
ACATBEAFETGUARTGHE L ATSA ST (LY RS GLoscope. | mages

wer e canera pr ocessed usi ng
CCC@G@‘DM@)@TGA%\T((B@@@SEQ}IHN@M6]SM1:gdl¢nS&ns€A USA): a

cachEpacTibtetRTAU REGER N3 2 iisent tho rat Lo of
GAGOERAGGSTITCAA T ACABEORPSLDI V). 9@1&%0881 a%%‘ en in the 5° to 3

1- negat i ve/ DAPI - posi t ive cells tern
directisinoThé RGR productewrs roselhed opseedrdse g@b@dlvaewriitdd iy ehidium
brom@nd sonicated. 15 ng of the total protein was | oaded

it o each | ane and were separated according to their
nol ecul ar wei ght in SDS-PAGE. The proteins were

[0087]r ankhmiuhehistoehPmisyii: heicdilnwerel fiked iifl el JOWDEthake? &Y @NAIn.
éM I'l1ipore, Bedford, USA). usi ng the sem - drt\;l.v\éster,n,
After rase%w%%’ﬁtsu@w(ssndewe ingpbyatert witls blpcking sglytien gontaiming

PBS, | G HCRG% A | )@"ofséél h6 SortfR gfmf?xhﬁ‘tiégﬂ%gé ga'bdg@ tibodies

contai ning 5% of no ween
againdtYQR-1hp attehing mctmlr ﬁdml lSégmaT nés A WXF}BJ Naslel (HNuc,

incubated with e -catenin, GAPDH
Chemi Qg DR B SALA CHPTEIAD(GyLS. Gmpddiranologies, DSA)
were &Ht@d‘@craﬁfa liD ot 8. 16%&1 e@(m Z@QQQ%Q%?ﬁatu@ fter 3

over ni ght mashlng st eps, rane
washesgthe |spcmmmsewiew indubatel b1 4Pemphwiih hppreptan sempatiay antibodies

ot 2 G EE TR b Ut o S SRR ebBined iy Sieme-
Aldricte@HRabRgi f8Snudiafbtainl e ThERPIYRER werdBhdh HA542080LRE an
using a Scan Jet 6200 C scanner (Hew ett Packard,

IX71 Glyepus, mlgsmyomrﬁéa% eese trlsen With ardigited spaerarand psocssss asing

Photog\i%ipg% &X@&oe S%ﬁ ﬁﬁé @A UQ’% %%ﬁ %ﬁf;\ggg _geé);o c'lCh

‘each eX er ren

Vlsualﬂyﬂ 038 Jpefcemmage yf AQIP’(- I~j¢os1t1vdﬂdll|s ineas obRlied fran ehesipenaemd-1-
in 80 m of PBS contain

positive/DAPI-positive cells to AQP- 1-neggt1ve/DAPI-p031t1ve cells.

[0088] Western blotting: The cells were lysed in SDS-Laemmli buffer and
sonicated. 15 pg of the total protein was loaded onto each lane and were separated
according to their molecular weight in SDS-PAGE. The proteins were transferred to
polyvinylidine fluoride (PVDF) membrane (Millipore, Bedford, USA) using the semi-dry
Western blot apparatus (BIO-RAD, USA) at 15 V for 30 min. The remaining binding
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0.5% of BSA and 2 ni M of ethyl enedi anm netetraacetic

acid (EDTA). 20 ml of FcR bl ocki ng reagent were added.
WOSp¥de@Ent |y, 10 m of the phycoerythrin PCT/SG2008/000263

(PE) - conj ugated anti bodi es CD31, CD45, CD56, CD133 and

sites Ward Bfockéd {)v1tﬁl?‘B%' doaehidih® sV A doRt dSiplliesnd 602 MR T Dween for

were added for 10 min. Control expérinents were
1 h at peorh cevamedatuiet Wheimerbtransos indibiated stithatithen AQR 1 B-oatgpa,

006/%?@4%&!2@9}%?% S e I OREr i A eyt 8 (CK-18,

Zyme§ %cﬁmlJ Xﬁfbﬁu At T, fﬁ&%%é&ﬁiﬂé& L% Ltﬁgfﬂehlbrane was

| 'aser ACS a al yzetr (BD Bi osci ences, 0]
1ncubaMdl eithtatleahiap phd)sphstsa:pnﬂngam@ scm)lndmymntﬁ’)la:hess(l)lxmcnla Germany)

for 45300y 35 f1ch o8 SRR GGl A AR B e TGRS0 Usa.
The ﬂmﬁeaowv&é}e ESRinietddnRitte £Sdami rers R g&ﬂﬁ&%HéWl&ﬁMeﬂrd

hree tines, each for 1 mn. The cells were | oaded
Greelw WAk dhe essn:ss&mn(c phthietappayent, moJgpylaraw eightf wasgdone by means of

s ERRER s, A b B paliEhinefin el it BPhier e

then live imaged in a fluorescent mcroscope setup
[0089]i t hFlew(&yitbnetresr hmillioa calbdhver sugsendéthindicultod PBS containing

0.5% HBSAFMICEM Sl e HEERFRti G (D840 gt BER.
blockljﬁg‘?eel\%;éh@\ﬂare RRdSLSLYEY, ﬁer(dlyb hgGy l)Pt'he yéde%%hn#?’(’% AR ugated

measure the f escence 1 ntensity
antiboBiesr@al, D46 CIRHY, €Rd 33 and 1326 Xgkobiamad ﬁUHﬁMSWQQB

Germ B0 0 TS 5y BRSOl il By
admitidvitbfFahd 1s8)ypdicbittslsl ThedRils WeRRfAdheSuR e AMBNWItH buffer

differentiated hES cells were seeded onto the
additipm pnyt egniifugatiprclor 19 ped at ORI gralyls Wadprgermsdggng eo

| s was then placed in
LSR @Egg%fga%%{%g%hﬁpﬁ%éwgad anout |l et. REGM was

superfused over the nenbrane with the adherent hES
[00901e| | Wadér txahdpont asah;e usihg @alkeim: (eiln werd duttureglcinmondmidyen in

of th |
e L T A B8 TRERR i ep sl os
(w1thd(Mtthlc{1ﬂ?a1§d tnb, n%&@ﬁnﬂ s&?@ﬁmeéé tﬁﬁw gaéh%r 9 &85in EXEN@NI Vere loaded

rane with the cells was subjected to
with daleetrhAM dnwitrpgers WA)eert aﬁnﬂbcmwetﬂonwé AfeugMan PN fonl @ min,

o SRR SRR R U5, TRt et

ﬂuoreE@‘nefreaﬁeog@ G@tuﬁ)an@%cﬁ%ﬁaefa q8e WRIIRIR RS bhelokd @Fa and
lion cells were injected under the renal capsule.

hypotmw é@ OS‘VWDéa;G‘dsn wakes) mlmy Jime fapse wmages tvermigken at an interval of
10 s O Pid N ' er%%m %h s@ 51?%9 N3 D& ﬂ\e‘)icfes CH%AEWaQ 95é to
al n SI Nn.

m cr St ox
measure the ﬂuorescence intensity.

[0091] Bioreactor set-up and in vivo experiments: A SUPOR-800 polysulfone
membrane (Pall Corporation, USA) with a pore size of 0.8 pm was coated for 1 h with
MATRIGEL™ diluted 1:20 in REGM. Subsequently, differentiated hES cells were
seeded onto the membrane, and cultured in REGM for 24 h under 5% of CO, at 37°C.

The membrane with the cells was then placed in a bioreactor that has an inlet and an
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[0093] Results [0094] The HUES-7 cell |ine obtained
fromthe Howard Hughes Medical Institute (USA) were
WORHdPGRed i n an enbryonic status on a nouse FE&HRGREM/W0263
fibroblast (MEF) feeder |layer (Fig. la) (16). The hES
outletC RIBGM Whts QuSétRRed bidr @k thnbRne itk B a&%&t@]@%tc%ﬁs w 4 ﬁlow
MATRI GEL(tm diluted in Knock-out Dul becco's nodif
rate OEle rel/mlrrrmtmnﬁ:plqrm&m of! éhq@lwmmﬁduunh@dou@cga&mmeable

d fromthe
siteofig b 155 <Pt aged sl it R EG ol 751, Vi B8y cHne
tubes EH@W&@Sfbﬁ Basodx chited/(47)( 'Fh@meinb}aneSﬁﬂche@@@s whdlsubpRed to
confirnmed the undifferenti ated status under

ﬁlrth%@flle‘éléﬁ F1 T-dRdlayy oomsfusips colprei ate differentiati on,
the cell s were cultured in a renal epithelial grovvth

[009FE i Tg% SRR SJ pfneﬁgl i ?ﬁé%l hﬁ%ds'ﬁgcgégﬁ %g@'ﬂ{e“}l%%rcﬁfeﬁ ¢Reuc

epith

apph@mm #860 IFGé)(HrldrI‘ﬁJ S-SRIB R efigrefee A 50dedf6-055t SCID ahite sereum
FCS i d rmal rovvthfa EGF),. insyli

anestigigp it T HGioB CoUETRE IR0 vy Hotehi Rl Bt wpeks, the
kidne§OReR Yefdbed@ind JhRaffinlbnthelB&]. €Pirh REdHAS WRASGI®Sing a

menbrane, various culture surfaces with differ ent ECM
microfesnp@né stained it Hemetokylan&diasin. | ami ni n, col | agen type

IV and MATRI GEL(tm were exam ned. [0096] Initial

pe ts with DVEM cul ture nmedi a contai ni ng 10% of

[ooggx fr{é{/@gl ed only very few attached hES cells.

However, REGM caused a significant cell attachnent and
[0094]e! | Th@HéIéTtﬁ ﬁgell In@dlitaik&Mromahe HysaapHuples Médita dnstidute

ult n . REGM i hmunohi st ocheni str
USANHSSS Sainitnishp St et A PO S SO B MOh g AR
feedePha: %919/(15% 198@'@ IR HES defld wheR subbBhRBe &licd on la@ﬁﬂfﬁ’derboﬁfég with
en | V\,hlleMATRIGEL(trr) yi el ded a high
MATBE@EL alilafadria Kajogkrouf le@ﬁtqo ywpdified Buglsts rp@@um: (WAEM)

using %841&1&@&% xﬁecg%{% 90}}6?%%(? ﬁﬁ%lrtﬂgl—[: ﬁ%}:?hje g ggeer ltﬁ]yEc% I‘ 18 ldsg ana bS to obtain

ﬁbrommlﬁtebweltmelcbﬁdltmnsadw 19). EEAbressidd sOctBHl (@ig. 2B), SoXNeCDI
er cent a]ge of _AQP-1 ex reSS| ng cells is summarized in

and Nepeg, (iagolc) confamee dhv ciealifighais yngeribotieeanditipns.

pronoted cell spreadi ng and AQP-1 expression in hES

[oogséel | @@ mnlﬁg ditfdrQHbatibh) Qhé%?%%éré’ E@nRtd HlEaSreﬂgl & el?aq@Fowth

culture in to an I ncrease unber ~of
meleQEREGM)pre §& daqsg Eleeb REGM nolepayed @venad epitiwdial ‘easpbmedmm

Bl Sl el sl odnf BE LR SRT

epldeﬁﬁm grovidli faetbi (EGF)hﬁllsﬁhrﬁ rhlyaﬂa@bﬂu@bndo Bﬁﬁi@ﬁaﬁfﬁfé #4833, eafésh at

samstlms f Q:’- pOSItlve cells were pOSItlve
0.1% Pﬁ?omﬁ@-rfﬁmaﬁo ﬁuem@@p cpidlealigh bysamget) memh@n@,atamgs eHeire

surfaé%g I ne h{}E&ﬁ W{?o%%nts %@chcﬁqﬂrgﬂ%ﬁ ol éo?la enstype v

o

i n 1 MMuno st ern
and MPETRIGRE® werdietangngiane

[0096] Initial experiments with DMEM culture media containing 10% of FCS
revealed only very few attached hES cells. However, REGM caused a significant cell
attachment and cell spreading in all ECM coatings applied; After 10 days of culture in
REGM, immunohistochemistry with AQP-1 antibody showed similar expression pattern

(with 5-10% of positive cells) for fibronectin, laminin and collagen IV, while
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sanpl es and anti bodi es used for i nmmunohi stochem stry
(Fig. 3). Western blot verified an increased
WO20p9/8d643on of AQP-1 in REGM after 10 days of PGIVSGzPE8/000263
on MATRI GEL(tn) and when the cells were subculrured
MATRTGEfJm ?@él@e 838dsfie eRpiRadicH J)ieAQPelS ith Y% o??@s‘i'tive
and d -

cat eni n, WO epl thel i al -associ a
cells @n@t%))ngubduﬁumfdhe)hli%cdbrwx thesame Balvlledds affartired ifapease in

the AQRGLFie GIF PLAIER ECN o B P E0e Peenssls Rl ond ™

expreS¥inS @R £ &Inhm sdpRaiiA Fﬁguﬂ@ﬂdﬂ ghe R chlteBsme@dmCeshificantly
correlating with the up-regul ation of renal markers

prometedgelbigor %MtdhféQPall em@ﬁ@ﬂy@ BES [cold 11} adelitimn,ithe subculture
ornEGARLE R FTELATAS0R 01 D BEIQUR L ATAPERAGE

expre@dlﬁgi@dmﬁﬁnﬂe@ﬂdelgro@YHefresﬂeaﬁifd)EGM\@pe ounl tstaﬁdng)Wﬁhk@K—(b&e
om t he, REGVI . 4). After 10 day of cuI it
antib sre‘éfﬁ‘%“éirtb%fcﬁnt‘& %@%P%?SS@&&F%@@@?S&  indicating
Y
their %Zﬁ@ﬁﬁeéﬁ%ng n?ﬁ dg@?légcghé szf‘?ﬁé Er%ﬂ;l%Q§ %bss\éﬁ‘}ibgll% were positive
for thé hfunae nedcartthaorc@Nuc) mmdlcaftmgahemmmgn aiigifh €Fign2d). To confirm

the efiflciod P Bl Pl Vel Y rorr oy aihas game
sampleB aﬁﬁbﬂtlb%@ié@hs%ﬁﬁ)r ﬁﬁﬁﬁhﬁﬁo&ﬁ&ﬁsﬁct | Ons\h@fwﬁgﬁsl&a«;u;%ﬁg an

to the nmedia for ce rowt h
increaged ApTCsSEIY OfeAeQPrtlsln‘R@(C%\/[r?&eé o dhereplmeph pdiiGHL .
s SR UG 0h T BRITENN Sl A BT LA o

CK-18 lal.hdl Breateibg lt\kﬂﬂb@ﬂldhhpas%ﬁatbd PrEIRS NObandest aalePfaint band
I nvestigated. AQP-1 expression was detected at

was feprdrfer therunfidiesendia teHeoplatindnedditigneundsniict i ons.
I I4
dlffer{\-!%tfaﬁo&egg% @5 fil% e%g{-’egsmﬁ BF§ fl Eg&?ﬁé/m@f é’?&% 4 Was
reducé\Q%ofrel@tmg azstﬁltbeﬂuyvrégutamt)n off Semlal markmi tba'afﬁsdm&p(t]ﬁblgl
.[0098] It is known that during enbryonic
phen °<§ | opnment, the kidney and derived tubular cells
arise fromthe nmesodernmal germ | ayer beside cardi ac,

[0097Kel REaM antoorimed buliks fle8iuafldr$aihidd vadidus ﬂaEtoﬁa?o Q&%E‘s the

shown that BMP-2 acts as a norphogenetic factor

mﬂuenﬁeld‘d@tpmffegmwﬂ atachoent aad grawthsfactorsawers amidied g@@)b)é@ne
tom [rERMEER o0 e Tl el PPN By UERE B PR e °

serunE(FBH) wed evdeatididor Bbcdl ditafehmem &ch edth MthIe}Ean@ @ﬁhhg In
differentiation into Ngf ositive cells (Fig.
quln

additipp,dheser %@Mﬂ%@%ths forationby difFeers degrees. ﬂrbpafecular
insulif} %&1«% g%ﬁﬁli’g& oﬁ%@ﬁ’ gfolﬁ‘gra% A ré?ﬁ%ﬁ(gﬂ 8@0\%%6% in cell
was observed.

re clon expansion pattern was
countﬁmm&bswh@whbtmmelhﬂ waswmostadded foehentedatfordcall grhowiit. Reductions

BWVP-2 ind d nor.e scattered
of ~ 458pirktee PO R SEH 0O B HOSRE YiBe ™ FAREP RS P steaip e not
suppl&ﬁéﬁtgd ke altardFRys. 44 80BY). The role of various factors in the REGM

culture medium on the AQP-1 expression was also investigated. AQP-1 expression was

detected at different levels under the various culture conditions. When EGF was
excluded, there were only a few cells that were AQP-1 positive, while many cells showed

AQP-1 expression without insulin in the media (Fig. 4c).

22



expansi on of AQP-1 expressing cells and by sw tching
on the AQP-1 expression in single cells. [0099] To
WOL08Ud6@Byrt her similarities of primary human BSIGSG2H/000263
tubule cells and REGM differentiated hES cells, the CD
[oogd]ecqms%o%aﬁasﬁhﬁg e idd&sRldpmlenp e lélﬁh%f Sldedutivad ed
on NMATRI in"REGM wi th no BMP-2 add wer e
tubuleacellsyarisd ﬁmm ﬂng nﬁetsodmmi gerot layer Hesidemardiasy sktlettaiaind lsonoaih

sl Bl TBia1) dp Baoef Shonty BEEBRASE e of gt Dipctor for

meso®ehlt JpeEificAiony m&g 1§tals@ Rin@érsédibBb ¢ Blel fadt YRR BNIPD can direct
expressed CDl 33. This is inportant since CD133 is

embrysus ssers edlls inton bevtl MussépedlldtyPo 1be<m§ﬁah wegpgmined whether

I ' C
o S5 bEPLTES v Ao AR B R S0
Upon €leatasant wattl BAMP2afatheaaidetof 2t 2o 10aid/mil)( %uﬁtgehsedﬂnmﬂfey of

simlar distribution of CD326- and CD133-positjve
AQP-¢ gpsifivaveallsatrsabyated: o morrclprad expnsion Rifteigy s opad when the
cells V%}e %T&I%%%Mh&i? b bhy REEM M Gl Fxﬂfi’é sché%lj%d
ypes share a conmbn expression pro

expreﬁh)n patious uelicating ¢hap ACIR h texpiicffier enld be p:msecpbjat:buail

expany QP L eEr esu s ARy SRarhbE PR o AP Hhifbignin gingte

cells. t he presence of a pool of differentiated cells. [001
00] To determ ne whether these cells display

functional perties simlar to proxinal tubu
[0099] 4y i Brugssess tj\;rlthqr@l%ueﬁ of primaBpERRIATENa) Etale cells and

REGM éf%ﬁt?a‘?ed ?9&1(5 {hgrt%?ecgftﬁ{‘lgﬁ?éés o‘}*‘bo %?1' {h&

ern set o
(dlffe&n’pﬁ:ed R MATRI(EIEL%M RE@Mewith ab &MPESidded) weraanalyzed using

o GEEan i U e S b0t i eaon
of cn@@é &MEE Esftyﬁl%ﬁh 10k ERHRESN AN (IDr B daaﬂ!iom @ﬁbp@pﬁllaﬁ(‘ﬁ‘l 613&11%

/Mn with recirculation of the culture nmedi um
cell tyxp@ a)so GAPIGSSEd'ﬂElWS Thtsh@lmlmrtanamca/\ﬁ?m?ai IseexpEssaddh asmall

populio %*ﬁg}leSt I %ﬁgg@ LAY B RE e okl o boclizpamy

regenér@iéafi®deiidl eummmttactnﬁamhaaﬁe ceﬁysiﬂealay rerD skiiodtérh @ells (33,34).
I nmunost ai_ ni ng showed that nore than 90% of _the cells

A verysinglap gistrihugieniod CD32au mdaBb 33 pesifyeedisatrs gbserved for the
hES cgi?g% \%Eﬁ‘géré}] tia@edl(ﬁl dl]"If}S@%CL:) y l(agh ittORk M RESRCatl ng%Héttb%th cell

that the ce survive the pertusion
types shdré b bemmmhxptesnomptdﬁl@(ﬂ‘lg gib) dé@wmr ahe ﬁ@ﬂt differentiation

express i ndi their tlal us
protogy B SRy 3?5@%9 RiveellsminerRBpraly devessd he
neuroh&l%eflé‘(?@ 1ﬁﬂl'€‘£tirfg3’th9f>rets&§:e%@§ pooLRfi BeRhiied 8lsS W th
regard to their water transport, the cells were first

 oaded with calcein in isotonic solution (300 nosM

[00100d t h éfn d@t@g@ﬁ@dﬂhqﬁhq th@sp selrdisplap furctionnl pawerties Mmilar to
proxnébg tﬂl%%}e OBymt ‘ﬁ 1 I%}é) i 18}1]0 Sxpen?r[gn'ts%&g CSS&IJC’?edV}g%ddltlon to

examination of specific protein profile (Fig. 6). In a first set of experiments, the

undifferentiated hES cells were seeded on a MATRIGEL™ -coated polymeric porous
membrane, which was placed into a perfusion bioreactor and superfused with REGM
culture medium at a flow rate of 0.1 ml/min with recirculation of the culture medium

(27). After 7 days, the membrane with the hES cells was investigated
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sol ution, whereas other cells retained their cal cein
staining, indicating that a portion of the cells

WOL0p9/4i1663d f uncti onal water transport (Fig. 6HCT/$2008/000263
addi ti on, undlfferentlated hES cel |l s and

1mmuﬂbﬁ1£t‘3 Fﬁéﬁd@b &!ghén és%fbtne% déﬂﬂﬁént?#ibgl Sy cells

cap su m-ce. 6 wee oglca
coverﬁkmmpnaiuls mmt&mcwdrﬁdelp,emdtdoubleﬁnmmbstammgslbh&d that enore
d cells,. whi.l e those

th undi.fferent e it
than SpRLSEIE Pelfibtite SPahve Birrum BleE g S tioR g brokgavel b e
AQP-{ [rig: 6§0Thes€ 'reshﬁ@ sﬁcﬁ&éd%atqa@@eustceaw NEGE RDeAtfion ¥@kure
charact'eri zed by | at ed tubul es, indicating

conditdyspith othigh @WSAQWM apregsien mﬂa@atsng theip eoﬁentﬂ@loré@llrbgl

f,
bioart 35t e bk BP R BFFADR AR aSel 8 PR ueek b B s e
expressiigodilk @ith(rd@dra tdkir B anspdHf) 1kldelbxRr € St Waded with

ot her cellular markers were conpared. Figure 7 shows

calceift iy SpEgicsutiond3 o mgsyh and deniexpesed do £ hupatprie splation (30

mosMATA) TapSyOh o o PRR A R askill ot o ot

solutionm dvifebens etier atlbdefaieS)hebeddlcein faDIMY Indidating lﬂbit iaattionrs

cations cited i hi s,.speci ati.on
the ceff§ @dﬁgﬁﬁ ﬁmﬁ.‘-fgws We%tr@%ﬁpsgt (Frer é&i&@d&gg fngiffépentiated hES
cells dndHitfbrdidd te PEMs Fcd in?ébt&f uriidt 8ldtre i Elqbsﬁl%t df@@lﬂ%ﬁce After 6
specifically and individually indicated to be

weeks, Hedrigiologiceexayninasionrreyrated (Hatoned foampion ifthamyjce i mJ jected

with Qi ERls sl if o Rl b R e RB BuRi Lol ho il

formatibe (PEe6@Nkn theaeret 08, ths injedtiot AtdatwadhbAcRIlelley gilaed h
publ i cation by virtue of prior_invention. ﬁ{OOl 03]

tubule@owématm&flysa}@ﬁ@ Fheages, Wmln age dikelyite be indug bmﬁm@w@h
proce&hﬁe gﬁ é%uﬁ& nng g: en't 9 Vféegf%tv(r%@ﬁin&pt%d GithBde cell

1medmmﬂdaahagﬂmmm5001 04] As used in this speC|f|cat|on
and t he appended clains, the singular forns"a", "an"
ref.erence unl ess ext

I
001G, | Pian et Eu B ST SRR, HIBE S

fluoreSRAE bthinbrt émeg’:umﬂ ih QEfRORRRIEES] BighFo 8 gmﬂvstmmroducts for
rise npri si ng R|DrrTErlses and ot her forns

AQP-3¢ AQRebanc bRl i i reiskrdd REMDER banoy i ereatirged (125 cels,

i nclusive sense, that is, to include particul ar

0010237 © AV EERlcRs 3ha SOSRABRNGR I G B Sh U R e
herelrallnboﬂpetaltmll yalefeasrde a¢ ifemath fridivities] peblisatidn be pﬁemt dpplieation
t he, in nmo under st oqd to_on
were SEEGHALY AT DG oo ARTEREIR DY RFRRCE chhe citation
of an)bﬁhﬂ’ﬁgﬁon i 90 tQRd c1 ¥t R0 ttﬁheﬁlflﬁg &40 hﬁlgsﬂoﬁIﬁex{Ht b0 BokM@Bed
been described i n sone detail way ['ustration
as an adrdissivatiplt iefweseplinpogion 1@f10toﬂn@.tlcd {0 mﬁewtmcb pablatiatign by

Lo It 1S I Ll
virtue otf pn%r m%%r%lony

[00103] Concentrations given in this specification, when given in terms of
percentages, include weight/weight (w/w), weight/volume (w/v) and volume/volume

(v/v) percentages.

[00104] As used in this specification and the appended claims, the singular forms
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apparent to those of ordinary skill in the art in

Iight of the teachings of this invention that certain
WOR8HYde63and nodi ficati ons may be nade t her et FOHYGRLY000263
departing fromthe spirit or scope of the appended

“Q” “ﬁi”%ﬁs‘theR%{c@\E&'}ﬁﬁ’ﬁl éferbﬁo%KﬁYés’é Tefdofl@kt élear%’ili‘i@{a@és Reermse.
Karsenti D, Eden A, Yanuka O Amt M Soreq

As use@ainvkin ispeojficatioband ém@ngeraleﬁ shims, the teams Seampyrisel.c st em
“comE e {OBPE T gD B IR oy 2 b Fors

11m1t1ﬂgh1hblh§iwe Brise, thads, aviiudegRaidular PadiRaeleMenfsagRomipahinte
t her api es for the Ki dney. J Am Soc Nephrol 17,

withoytzgoludig oy ptfis plement eggepoaente (Unjess dﬁlﬁwi otherdsenticr

technif AR LA el B ehl il U B S0P T

undersBd)@i‘:ﬂ@eme Btft)ﬁhiyai“y Reidl 1ﬁ$dimmﬂto&31ﬁph @34 iSdRtirnidmes. 4.
Bruce, . et al. Invitro differentiation of nurine

T EIER LT A
way oWlfﬂstrB%Lﬁrﬁtdx%p&ffof ﬁ\ﬁgbseﬁ @ ¥IafB) o efitantimle, # Wehdly

transport: Sodium c de and organi c ani ons. Conp
wppart shem Fhydinaty skikbl haesgn lighsaSichs teagféngs453his gpgntion that

certalrgﬁl?a]ng%s an%] modi f k?}rllvf h}ay etnéaﬁrth?{gﬁevggﬂo%&agpgatrm@rgm tﬁé spirit
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m gration. NatNeurosci 10, 19-26 (2007).WHAT IS
CLAIMED |I'S: 1. A nethod of differentiating a human
WOSHYdei3c stem (hES) cell into a cell expresdfiGigHG2008/000263
AQP-1, the nethod conprising: culturing an
WHATUIS CEABVIEDRISed hES cell in a renal -specific culture
mediumin the presence of an extracellular matrix
1. ( E@Mneﬂ‘mld_@fldl_ﬁf@ereﬁtfaﬁﬁg aG0AEh th®Afonsditbin heS) cdifintfUge
differentiation of the hES cell to a cell ‘expressing
exprgggng AQP-1,themethod samassivedi ng to claim 1 wherein the
renal -specific culture nmedi um conprises renal

epi » i [ Lia rowth .
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: wherein the renal -specific culture nedi um conprises an
2. epThbeldtild eondidy thagdirt whereihBe FRLN %cﬁﬁ%ﬁg{fﬂﬂe&i&m
any one of claims 1 to 4 further conprising addi ng
COmpRaFS res pPidikinkhasel pedivmion rena epithieliak gmwth mpdinhf. i
cul ture nmedium before or during said culturing. 6. The
. nme | . Qi . Ur [_compri-si-ng.addi ng
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culture pRkiveptéhglided bn epieMinl FBFLMRRd the ECM nol ecul e
conpri ses trigel matriXx, and wherein once

di fLer entiated, the cell expresses AQP-I and at | east
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an extracellular matrix nol ecul e, wherein about 2%to
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bioartificial tubule assist device conprising a
about: by s/l petore ax/durinezaid qulturing rwhenere saidtdubiuting esrhpises growing

the cLIVFR™. i K tracellular matrix (E o
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growth medium and the ECM molecule comprises Matrigel matrix, and wherein once
differentiated, the cell expresses AQP-1 and at least one of CK-18, B-catenin, CD-326
and CD-133.

7. A population of cells differentiated directly from a population of human
embryonic stem cells in a renal-specific culture medium and in the presence of an
extracellular matrix molecule, wherein about 2% to about 50% of the cells express AQP-
L.

8. The population of cells according to claim 7, when prepared by a method of any

one of claims 1 to 6.

28



10. A nethod of preparing a bioartificial tubule

assi st device, the nethod conprising providing a
WOR0BUPHIS®E] ci al tubul e assi st device conprisi nd@/HFOI&HR0263

core fibre having an interior |unen and seeding the
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whersintheinterion lureerdisichated vfith antestraes!ivéat nasirip riod¢anly prior to

ef fective anmount of a popul ati on of
seedlggfx)xp@%?pg@ﬂ%}mn-pfgpﬁ% in the subject |Oalto a site where
cell's expressing AQP-1 are required. 14. The net hod
11. acrRy glbMhgd hecosdiag /0 di3inve kiereid the ipleriod latrientis afatedelitls an
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extragRl e EnTIX P GEOTIESTIR FERbPAT (G g a5 pflagen TV

andMgr%%F agf sorder in a subject conprising externally
con Ing a bioartificial tubule assist device of

claim9 to a subject in need thereof. 16. The nethod
12. actoy menhgdtaocoadl}lg tnelains 1¢ paplmgn 13, whergin thiperailationtpd cells is

rer .CO nal failure,
Cult”ﬁ%g_ rad’é’ﬁ%lHVE %Oaﬂ%ﬁ gtﬁéy {u%ﬁeg‘ph rosis, Bright'
s di sease, renal |nsuff|C|ency, glonmerulitis,
13.. 9l ATREHODSLHENiAE h Serdl relgpd disbider in a subject in need thereof, the

method comprising implanting an effective amount of a population of cells of claim 7 or

8 in the subject at a site where cells expressing AQP-1 are required.

14.  The method according to claim 13 wherein the population of cells is provided

within a bioartificial tubule assist device of claim 9.

15. A method of treating a renal related disorder in a subject comprising externally

connecting a bioartificial tubule assist device of claim 9 to a subject in need thereof.

16. The method according to any one of claims 13 to 15 wherein the renal related
disorder comprises renal failure, nephropathy, diabetic nephropathy, nephrosis, Bright’s

disease, renal insufficiency, glomerulitis, glomerulosclerosis or nephritis.
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