METHOD FOR DI FFERENTI ATI NG EMBRYONI C STEM CELLS | NTO CELLS EXPRESSI NG
AQP- 1 CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application
clains benefit of, and priority from U S. provisional patent
applications No. 60/929,960, filed on July 19, 2007, the contents of
which are fully incorporated herein by reference. FIELD OF THE
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[0002] The present invention relates to methods for differentiating embryonic stem

cells into cells expressing AQP-1.

BACKGROUND OF THE INVENTION

[0003]  Various approaches in regenerative medicine that are aimed at replacing lost
functions of organs are limited by a lack of sources of sufficient cells. Thus, significant
research has been directed towards exploring human embryonic stem (hES) cells as a
potential cell source. Human embryonic stem (hES) cells are capable of indefinite self-
renewal and are pluripotent; that is, these cells are able to differentiate into practically
every type of cell found in the organism from which they are derived (2,3). As such, hES
cells may provide a supply of different cell types for use in a variety of research and

medical purposes.

[0004] One such useis in the treatment of renal disease and loss of renal function.
The increasing prevalence of type II diabetes has led to a growing incidence of end-stage
renal disease. This increased prevalence combined with the limited alternatives for

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, elecirolyte 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 V/day, and (ii) a reabsorption process in the
subsequent tubular system (5-7). Upon filtration, most of the water and the dissolved
substances refurn through transport over the proximal tubulus epithelium, back to the

capillary system with or without reduced reabsorption of the metabolic waste products (5-
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[0009] In one aspect, there is provided a method of differentiating a human
embryonic stem (hES) cell into a cell expressing AQP-1, the method comprising
culturing an undifferentiated hES cell in a 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 may 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 ﬁofpho genetic protein 2 may be added

to the renal-specific culture medium before or during culturing of the cell.
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an extracellular matrix molecule prior to seeding with the population of cells.

[0015] The extracellular matrix molecule may comprise at least one of fibronectin,
laminin, collagen IV and Matrigel matrix. The cells may be cultured to a confluent

monolayer coating the interior fumen.

[0016] Instill 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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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the figures, which illustrate, by way of example only, embodiments of the

present invention:

[0021] Figure 1: Culture of undifferlentiated hES cells. a, hES cells cultired on a

METF feeder layer, and on MATRIGEL™ (MG) with MEF-derived conditioned medium.
. b, Immunostaining of hES cells showed expression of Oct3/4 (red). DAPI was used to

stain the nucleus (blue). ¢, Gene expression analysis by RT-PCR for stem cell specific

markers such as Oct3/4, Sox2, CD9 and Nanog in the two culture conditions.

[0022]  Figure 2: Differentiation of hES cells into AQP-1 expressing epithelial
cells. a, hES cells cultured on fibronectin (FN), laminin (Lam), collagen type IV (Col IV)
and MATRIGEL™ (MG@G) for 10 days were immunostained with AQP-1 (ved) and |
cytokeratin-18 (gréen). DAPI was used to stain the nucleus (blue). b, hES cells
subcultured under the same culture conditions were immunostained with AQP-1 (red)
along with DAPI (blue). a—¢, Increased AQP-1 expression could be found when cells
were cultured on MATRIGEL™ | and when cells were subcultured on all four selected
ECM molecules. d, Double staining experiments showed that differentiated hES cells
expressing AQP-1 (red) were 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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nephr opat hy, nephrosis, Bright's disease, renal insufficiency,
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was not significantly affected in the absence of insulin,

f0025] VFigure 5: Effect of BMP-2 on the AQP-1 and CD receptox expression in
differentiated hES cells. 2, REGM culture medium with BMP-2 caused an increased
expression of AQP-1 in differentiated single cells compared to plain REGM, where a
more clonal AQP-1 expression was observed. b, Differentiated hES cells (black bars)
showed expressioné of CD56, CD133 and CD326. CD133 and CD326 expressions were
also observed with primary human proximal tubule cells (grey bars), indicating a similar
phenotype as the differentiated hES cells with regard to their CD receptor expression
profile.

[0026] Figure 6: Inz 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
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fibronectin (lane 5), and undifferentiated hES cells (lane 6), and
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X

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).
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g! ]1: ]1: er ent @@tqsg'an.cz:]herﬁc‘aﬁhdd@ ;Tu%hfde ﬁ?ltugingml@&gﬁél)mfﬁ;\/éﬁfeﬁﬂ}éb&)@dc' Houl’dﬁﬂal h&flim ]
| erent| lon throu e YOl )0 ormati on ver,, SucC
an appr oa ?@g%ﬁlf%Oﬁa%eéﬁ 1@%@éwégﬁ§f~5@&d? qtﬁﬂ?f%ﬁ‘decﬁel’%f%%‘fi at ed

cel |'s anddjffetepititith @bsHiRéns! GRALIRHAIRBES B the Bldsnt rlBI3ZInkY aldgenibi her e
has been no_published report of aquzigorl n 1 glAQD- 1) positive
similar CD receptor expression profile as that found in human proximal tubule cells.

Thus, the present methods provide a differentiation protocol for the generation of
functional renal epithelial-like cells.

[0034] When used to differentiate a population of cells, the present methods result in
from about 2% or more, and in some instances from about 2% to about 50% of the cells
in the population differentiating to renal epithelial-like cells expressing AQP-1. Thus,
when used to differentiate a population of cells, the methods described herein may result
in some but not all of the hES cells differentiating to renal epithelial-like cells.

[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
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epithelial cells derived fromhES cells using a direct
differentiation protocol. As stated above, AQP-1 is a

wat er-transporti ng channel protein |ocalized on the cell nenbranes of
renal epithelial cells that Iine the renal proximl tubulus
structures. AQP-1 plays a role in the water reabsorption function of
t he ki dnélgffferer[t@tragtp repsbepiheldrikepelispgsestng Wpigs Eenspert fmetiqneli ng t hat
human enbryonic stem (hES) cells can be induced in vitro to

di fferentipgiey | iR pE‘%E‘tﬁlme%EHdteﬁﬁWs%r thd Hifock ElteRnRARRSI 818 FelVBhB renal
transport functionality by culturing themin renal -specific culture
condi t i oregithelinklilpresBewithons thedtenasion wif gabeyoiddiodisd (EBs) dbd EBriet i at e

fi RS cell t I

pr oduced ‘%%JE gaﬁg&#éregssen{)ga%%?&nﬂgtse%%ﬁ%%l%ggc&#]%%%%%f%%hzo Ogﬁﬁo o('J
days in aopems udlscﬁmmalbﬂnm(gennlametshﬂmtectbm meoddaen AfgReniodetr ésSi on.

The net had ude. cul t cells | renal - speci f.i cul ture
T o el Gt iR B (9 ottt R el ] ot s pabpn TS o
provi de nepheogenhéitohd erendtt aiffeemtiegitinto ons profbet@etilssSptogyced by
the present nmethods may al so exhjibit a_siml|ar CD receptor expression

profile d¥ratge of BRigadsio fefammationef RRItNIG gl tepespfizect %@eﬂht

present nR{HBYES 1&5@1&1@@1&:&@@6&1&%&:%Bﬁﬁl@ﬁdn% dﬁfé?&ﬁ’i‘éﬁéli cgﬁ)é'anﬁti%\g%{bﬁéft on
of functional renal epithellal- [ 0034] When used t

di f f er entrpngl rogenfepedliat Porissain @éher fsmn@trr@ qrf ﬁ@b@m brsidsde s hﬁﬁ-%ﬂ t in
f b bout
rom a O‘ﬂﬁff«%er‘m% mz!@fot{%ﬁ%ﬂg% &&5@@‘5&5{{% SREERy Jf%f?f&gﬁﬂﬁoxgtﬁ?c} 0 abou

50% of the c erentr'ating to rena
epi t hel i alstebgehe oy t2§) é?hps,@s'ﬁiongbek@irmltedltb @asy pamheﬂaruh@w,titﬁppears that

Coeurt bR BARM oo relifivkfnalddfy PELARFRREREN ARR G S, 0 T
(rargij ;[ Bel [ jbﬂbga??mobsmtltm&aﬁﬁemm;mgﬁa thua Igm?tﬁg)}mﬁwalﬁiﬁﬂct ure
ot i - St cp el theeais Ben trefokis BN G R OREP AT B TES cel | s

to renal epithelial-like cells as conpared to the use of a
renal -s pe{0037]c Qﬂ\.td sed Bera(lihe teritd ‘rér@alepithekaldike bell’refifs thhaesk opeells that

factors. ages. or sub-c I,.n ation
of Coal 1 s gttt Ry EpRaRar S i pteiiend bty e BB o
i nto renahci@Rhd Hildr dlord bkexas! $§a@ﬂ§5§§§11nﬂ(1@ai QB4 ARG RREAlIN. A
functionality. [0036] The present met ho lows for the direct

di f f er entrenil prithekil cplEgotednt merkeningludeggellular protein expressed in human renal
epithelial cells and which is not expressed or is expressed to a lesser extent in human

embryonic stem cells. Such a marker may be used as indication that a particular cell has

differentiated from an hES cell to become a renal epithelial-like cell.

[0038] “Water transporting functionality” refers to a characteristic of a cell, or a cell
population that includes cells, expressing AQP-1 and is thus able to take up water in a
manner functionally similar to a renal epithelial cell involved in water reabsorption.
Thus, a cell that possesses water transporting functionality expresses AQP-1 and is able
to, has the capability of, or can function to take up water as in the renal reabsorption

process.

[0039]  Thus, there is provided a method of differentiating human embryonic stem
cells into cells expressing AQP-1. The method comprises culturing hES celis in a renal-
specific culture medium in the presence of an exfracellular matrix (ECM) molecule.
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epithelial-like cells without the formati on of enbryoid bodies (EBs).
An EB is an aggregate of cells that can facilitate differentiation
conparable to an enbryo and thus can contains cells fromall three
germ | ayers, the ectoderm neosderm and endoderm In indirect

differentjation, E |ls are first r ted .o form and t hen
t he EBs aﬂ”@%ﬁpg@é@ﬁ%“@é HRAIER é’r‘:fSS&%‘g%ﬁ%faée &&%“F’étfﬁt‘? o??ﬂF'nt 0
renal progenitor cells. Since the formation of EBs | eads to the

f or mati onfoo#1jrul Ak pled heetd, tHetp@s ceilndheeelertdhd foarienianahibeyonitsdteny EBs
results in_a heterogeneous po;i)uqleqﬁti on_of differentiated g;gl |l.s and a
| ow yi el PeBfs inkrded Brefgeiniasselcwlas webhas & afusplity or pogalapep fetellsn of

embryoi d 6bes thdtedn RERRTCR lalso GibdR eer@td 2 BinPle @LI0 Gerd\RSitck PMRAYS,
inprove the efticiency of differentiation into osteogenic cells (20).
Thus, wi tHewellyeyig ol celrigtosd inbatgh gulpue o1 indissae culiee plalesi Thappears t hat

the pres %iﬁ%ﬁﬁgd %b% oxf &its gl'ertgﬂ;i@ﬁ B/‘J(ﬁgﬂjlagg B%t%ﬁg{ﬁrﬁfﬁl ehﬂgs%c st, as is

envi ronment and a nore honbgeneous po erentiated
cel |'s, arichotis thesut, Diiehay Hegreiasiydapanded ghde kynitéd gh widiffeasiated state.
epithelial-like cells than nethods involving the formation of EBs.:

0037] As h i " i ial-l] l.] " f t
Looal!  ortb88p] JCGR Py DEhE (Bl G nEXADE bt &8 fBhan [ P ©T5 O
expr ess nadiferaepiatel atatcak knwlil amirtbtsshahBd cdBmsgy Hensdimdinadjicrome or nore
of CK-18, P:catenjn,, K AQP:1, AQP-2 Qe- nd.megalin..A.r I

opi thel | HHPCER TR el e ekt ESCENT Tror B R plss se
in human privndd ueph taghkdsant 8@hdds edi@ epfbioBindng uRGIFfeRXAStES BRI cals afes
expressed to a |l esSer extent_jin hunatrlle enrtr)f;?/oni c stemcells._ Such a

mar ker  melyAiBENgd &Y Capring dhT S G PR &tceder et S SUFD AeRqush gEbTyoric
di ff er ent figbeidst (@) 8RddHEayef Sl anb@eDELIYME St HBORES 6dlsB&T th @he thbtk6ds

cell. [0038]"Water transporting functionality" refers to a

char act erax pefiom adeeder-free eiltuge. dior pxageie; hESicels Fmbaulned vwithsedes palls,
expr essi r%cl‘f‘QDMjEFF,r}gaﬂ thed D S1RRGn 1R ob @ef 6’5%%% Ed1s'oR 2 ARG matrix
functionally simlar"to a renal epithelial ce rnvolved in water

r eabsor ptiolsculginduding e btanfielM AJGIGES 8% s vateembpdiarent Gretihfgcells used
functional j e - i C b of ,
o can' e s R REaE R ok Sl e e P A PRED Gt -
process. @¥38hg tdtion thetienicsllqgtafiale thedFR fdedet 1afer th drfiertenbtamt | ng

human enb i tem.cells i cells expressing AQP-1. The net hod
conpri sesé%g?%%ﬁeﬁ&nnﬁ%%ﬁﬁ‘g%cegfs‘r enal -specific culture mediumin
the presence of an extracellular matrix (ECM nolecule. 8 [0041] As
used her €jof431 helit @dentd aelibd difhrentiatehethe undj feenidatéibiEthceivbreyooitined &t em

cell is intended.to refer t.o a.singl cel.l well.as a plurality or
Copul at i ohrean-pesiecd&remedipind The fbaPaEfie elipg mepinfirdy by abiatih Co
refer to Iﬁecﬁinﬁgﬂeﬁlglmhb suphBf e GORiteoet rerlﬁl bﬂl&famli Maecc@ﬁ%ﬂhs dilyenbeand cel |
grown 1 n atc culture or .In t]ssue cuturepates. \

undi f f er eﬁﬁfpastrsﬂwé@ BapRiniacHnry, FPEih SRGnE AL ?@Eﬁ“‘aqnﬁyn%? fened
froma bl@s Q¥ diffe@nliste Lﬂ@é@@rés@A@Pel.afﬁereMIs?ée@ﬁ/c[ Wi BYd M ShY

expanded whil'e kept in an undifferentiated sta 0042] Ceneral Iy,
met hods ofongaii basel fagjors pesaliast fos expanpian af arenakdsl pepylation;, pndgRay also be

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
mediuvm (REBM) and renal epithelial growth medium (REGM, available from Cambrex,
USA).



undi fferentiated state is known and thus the hES cells nay be

mai ntained in an undifferentiated state using known nethods for hES
cells, with or without feeder cells, prior to use in the present

met hod. I n one enbodi nent, undifferentiated |iFS cells are maintained
by cul turj the ,hES cells. on..a feeder cell |ayer uc use
ororyoni dOPF): obTREh T et e TR bl s SRR -t he
hES cel | sxusgid abdut DI8YBLISA .0 EGPeaou0i0 54 ie sltat 1 DHEBGE Wobay €. For
exanple, hES cells first cultured with cells, such _as MEFs,

f
may then W APEPER-Ih EOReoA 8B b0 a}?cg?g é%%cglh%e“éhsfﬁﬁlﬁr“&&]@}rful ar
Matrix noh&eih fhay G by%@&ﬁﬁfed%m-%%k%gg%& BESQB%&.{!@@%&KEN :

the hFS cells used are.first cultured on a | Fs and then
subsequemNy-2¢eliout i tabgnt 25 NSATRBMR-Z o Rbgpé 2. 508 Ryt ¢onglinl BAMP-dedi um
collected fromthe MEF feeder layer in order to obtain

f11Dr obl agpogsiee k) LEBSEALhAROANES Eolde o AR ARhe B nduce

di fferentiation, e un FS cells™are ltured 1n a

r enal - spiidMconptises RERM dipplemdites wighallous@aztoHGs, shaut 01 % Feliabmutnay
be any gr . i sh gned to support, t.he . I Is
ond ¢ hat CioscaaRE i 0% PRl P BERBPL o L S R Rl SR Rpor e

at t achnerivdotiggranihdd and proliferati on of WES and induce the hES cells
to differentiate and express AQP-1. The renal -specific growh nmedi um

Conul ot | AR08 Ak AR phieR o B deRfcn BRBR) BllaRbn BodeFMlLna e
i ncl udi ngfieataflomiihg disRranntaclotSom RBUM TFERahobsreayuitdd dshBPrerr mal

growm h factqr (E nd basic fjbroblas rowt.h factor (bFCGE),

Dol ', o ensob it R DR SiPrRRe S5, AEHST S BHS By PR MAESS].
Renal - s pegélffeGtienhddBEE fRdbRyasleki Md0ciAf 8i Fibt ReonCTTREHTES @ik o renal
avai l abl e, .including renal epithelial basal nedium (REBM. and renal
epi t hel i #Pihslistdike orlen s lReammal-srpsiticepitere ppedinTay AsE exbo t [0044]

The renal »#RAGdHCE, fdhiid) Eﬁnéﬁﬁﬁ'ﬁﬂé!&a&@ﬁérrﬁﬁanﬁ%. aBRRe: stobinkGinef Or
exanpl e about 0.05% to about 2. 0% EGF, about 0.05%to about 1.0% EGF,

about 0. O¥Bdtspesifpyipregn@srEapmpdses 6dut 0. 1% to about 0.25% The
renal -specific culture nmedium may al so be supplenmented with BMI- 2,
for exawb94ﬂbouﬁ1 AMaffiol & BB th1-HciEg cikur BMRaiim, 80 Okttackih@araRsk 25
ng, / MLBMP-2, ‘or about 2.5 to about 10 ng/m BMP-2. [0045] in one
enmbodi nerECMRE@NEGuie ig Swlidgd it the grosnib comsifenss in erdgrtowdicoddi um REGMV
conpri se i a 9 out % EGF,
about 0. TR HRPERERL: ik heaRdHs Cilidting 0B Trop

epi nephr i awdodbuht, dipcES @114 Metsesded dochijure mirfiee cfDEUGEVECNDmDl ety

limted to_any parti.cular theor based obser.vations. o e effect
of Ton 1 ¢ R RRPE bR b S A O R Bl PR BN o s
cel | att andls®id or rhintvaelof ECIMmolbdides| that swepits epiprdvwnh ofhBS telhvis tawl-i n
may play roles i.n hES cel roliferat] and EGF |lay .a.,role in
el ny BRRCPRRES EGH: 67 PRER S A S o DA P e bdr ke
cells. Tméﬁa&%ehhﬁ:m_ IMAPRIGEL S GBI Bids&erdFRe] MATRIGENEY BEROCis AENt
conprises F Insulin, epinephrine, transferrin_and EG-. |In another

enbodi merfPlPREze dawmesBERPiaEe PISPITAHY FrEar eI Beusesaeompanh 7] | n
addi 11 on doBihi9% aBOR!5aSRRGL Myt itc%&h?%ﬂeéﬁfgé'aki&%%@a P hAERors WHabre

matrix (E mol ecul e T's 1N I the growth conditions in order
to i nducewpire tupinfotethe ptidskdembSepidiclid tisgied (32).dndndingtamining ellagin s

expr essi - 1. i e hES cells are seeded on
culture ggjfﬁ%aéa%csgg 8%&%@%&%@%&%& ‘es to mmc the epithelial

basenment nenbrane. The ECM nol ecul e nay be any ECM nol ecul e or
m xt ure dPO#SM nBheltifl edls tvarowu pribe tepaltdpecific ovitune okdinESn ¢ied Preseiee

renal - speci fi | t.ur dium_ For e | e, the E | ecul e be
£ § bronenririe FofRpRGe BF R 55T pefih e G2 Smdte aar Yo ik Codtitont
sufficient to induce differentiation of at least some of the hES cells including expression

10




[0048] The hES cells are grown in the renal -specific culture medium
in the presence of the ECM nolecule for a tine period and at a
tenperature and under grow h conditions sufficient to induce
differentiation of at |east sone of the hES cells including

expressi g A@i 1AQP- 1. [0049] For exanple, the cells may be cul tured
up to 30 days, for exanple from5-15 days or from 7-10 days at 37C
with 2-10% CO2, or 5% CO2. [0050] As stated above, when the present
met hods alP849kr f Berrpsammpls, the eadlsimaydipumbiuted pp suthiays, far eeiplafitm 5116,

not every hi 9 t C wi Il necessarily

di ffer entcll ‘g%!nl?é%'?hl a&pgtxagrgyélﬁnd R%/ =T &?ﬁus% 'sone cells within the
popul ation or culture may not differentiate and may retain their bES
nat ure whi0R80bt hés stetstl kbows whimihe hesswmethodputk atifomed oneusel popilaion

d dt f dt Al 5 th
oot ekl d GREAILE £ 308y bR FRRSR a0 of ARBA ey
cel | s expliffasitivte B@Rell ckpretshey .»QQP-&ntThizk]abmabﬂlﬂmﬁ%mbpﬁptﬁl@h(mfort he

cells in the cul tur opul ati on ex ressr krs
i ncl udi ngPUHPreREysot 3“5% %ﬂaﬁaﬁmﬂaﬁe@%@% ? @@ﬂe fﬁlsr the
CK- 18, p'éﬁﬂl%gﬂ/plﬂauoﬁg?'cﬂmrégé'ﬁd@ﬂ@tddlﬁ&@htﬁaﬂe aﬂa% e@%raJM@mabout 2% or

nor e, about nore, about 10% or nore, about 15% or nore about
20% or out 25% or m)re of th popul atj on y .expr
renal egn[trnﬁgﬁra 135} the persgud methadmayt g tl@ﬂ#@f‘ﬂ?“l‘ﬂé‘ﬁ?’%&tﬁ?}bﬁﬁﬁtﬁ? ]%to
about 50%xpfesang AbPut tofi% &@e@m%bo'ﬁ@%% o R §RRELAYaHeQukeut 50%

from about 15%t o about from about 20% to about 50% or from
about 25%°PBlaHpREPISe vgnak epe%@laé marl@rwhﬁmfaékeﬁtﬁ%é ap@mihich may also

expr essi loy

[ 0052] Thg& etg:%%eog?&épg eir(gr?fpc&%l on’ ‘t&gp %%grﬂé%l ng @é-@flprré
readi | y oebberdib nentotwalmusi%ldracbrqaebmﬁO%mrmg)rs,tahmdaﬁ% arehdrechbbaigy,

i ncl udin descrl t he EX | e-bel ow,, such as s
ot 3 BERERSE e S pveel e GLIBe PR ibioR ER riRens congh epietie

t ech Ri qu e@utnmmm}‘ Inrothee ¥pbediticts, 1%‘]1‘5131 ﬁk?c}l:u% peiLth aboﬂﬁo%?ﬁ'i)ﬁrz{bbﬂi s:%:to
Furt her nore ari t n the er ent ce pu
produced % Uttsz’ o, k9fth B?O%}f’ Fféaebﬁ%%%/ﬁt 9On R ub?éﬁa‘%

proxi mal Zogbtsl a%oﬁtesoh/@ oﬂﬁﬁm%oﬁ'm%ﬁdbaﬁt@@%)&f@dﬂg td@ﬂfer@ﬁm&@e%ﬁg on

profile, includin CD- 326 and CD-133. In addition, e ability of the

cells tf'ch’{eF%‘il%ﬁ&Pﬂ %@ﬁSIWVﬂEéT%%’FWI%@%TSng rret hods as
described in the Exanpl e bel ow, including assaying for fluorescence
bef ore andoss} er TRX@sH bLAERreAti NGRS 061l exS@bsitld AOP-1Usiy ¥k Radily

fluorescent marker such as cal cein.
determined by a skilled person using standard methodology, including as described in the

Example below, such as immunohistochemical techniques, Western blot techniques and
PCR techniques to confirm expression of particular marker proteins. Furthermore,
similarity between the differentiated cell population produced by the method of the
present invention and primary human proximal tubule cells may be demonstrated by CD.
receptor expression profile, including CD-326 and CD-133. In addition, the ability of the
. cells to transport water may 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] © Subculiuring of the hES cells for one or more additional growth period in a

renal-specific growth medinm on an ECM molecule may increase the extent of
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[ 0053] Subculturing of the hFS cells for one or nore additional
growh period in a renal -specific gromh nmediumon an ECM nol ecul e
may increase the extent of differentiation of the hES cells to renal
epithelial-like cells. For exanple, the cells nay be renoved fromthe

initial i onal [ sh
renal - élﬁefeln atﬁﬁn#ﬁt Wa‘%ﬁ%%ar?%ar% 1\\%?? Eﬁ%ﬁﬂ ﬁrol ecd %nﬁ etge cenls ma?’
?dd| ti onaeL- Jaemmlvédlfrﬁmﬂl@d’zin;lﬁdl cxﬂw!?éhlb ahmfnr @ﬁoﬁﬂ%ﬂwab&g@aﬁdfmmiéeeaﬁn ﬁa?hs or
rom7-10 days.,.The ce ‘be or. subcul t.uyre ti
Lo { Braiaasine eanemeqing, Aotk el of purokerie B Aatdiiomhs TSl
the nunbgichaf nesl J- %olda}é3 4 BEmOIL 4 8438 of Bk 7'3?0/@&3@' frﬁ@&&x@&ﬂa@bo@e}agsgged
express AQP-1. [0054 one nor phogenetic protein 2 (BMP- may be

i nvol vedot wa@ma HgplenimreHon exapyplaans; e, fhugee fogur tlmewﬁgcrbetn@él | s.

Thus, B ncrease
t he nurrblvglrcgBa %ﬁﬂ&tquglhétl?é\}%&geﬁﬁﬁgo a?%%‘%? é%#{egfgg régg]p%(?%lrln about
1.0 to about 20 ng/m or fromabout 2.5 to about 10 ng/ nmlBMP-2 nay be
i ncl uded[QQﬁ‘iﬂ he Bon¢ merrbogendticnioRie 2 BRFP2) meay tednepditddn switehirg Qul t ur e
medi um a f |l e

pri or tolAa di ?‘%ls '14%915 eglgﬁ'lg} ufrrgﬁhe rum %gr iﬁﬁg&?éﬁfd%{?ﬁge
added at cmlaireme&tmgemcraas& the ndinbérexf AQH- hpomnvermﬂhobiamedlcﬂ‘amxngpla,t any

poi nt at h t.h ub-.cu res

Dot hod cBRTARPE I i rus TRt A poh ey b A B B2 B8 BB o ng
AQP-1 fr mﬂa&suﬁﬁé bltuBymeditnec (Ted BUMH-D et beiaddddan thern&u@eﬁmﬁm edheel | s
can be u ed i.n cei1 @}fgera pi es, ncI uding to treat _| ost al
function! eﬂ“ﬁ%ﬁ’ﬁ ¢ ntigtipn tagheds & GEpRERE PHE RESiRS 6?usttﬂg”

i nvent i OphedRAD BEtE RVEP-Pak b lati RESR Midr sfag&clh'tﬁélﬁffbﬂeﬁua\ﬂéh%ﬂloﬁ
essential to the water adsorption function of kidney epithelial

cel I's. | #chudineat ow) pairiat pichithegslle may bapulreleredel | s” of the present
i nvention may be capabl e of maintaining a high degree of

vat er - t r porEsg| fmhb?&s&ﬁﬁ{éﬁ% BhnGinfly BRNARE FH Wrd gbrfdfoA bf BRI €ssi on
after 7 days of culture in a perfusion bioreactor, indi catlng utility

in a BTABXDr@singiAQP-haropees @qllébu dirgeterdiffgreniiion The geaerisd srllspapbes an
epit hel i Thus,
The. br e it TREH Bl B4R & ACRY B8 UM palilor LD i1 o
a popul a@xmwsmgﬁdéﬂ E@f éwmms@lm‘@nmelnonﬁsat@lwm irsgior fanelondlife cel |

et oo ng iRt el o Tod e FHREAS, AL FU RS BRI aation,

cells, albimutna? @plﬂlehﬁiﬂﬂce ce]ﬁxduhe ﬁ%ent mlmman nedydetcayl=0% ccfrmamtme;ngabo ut

15% or abou e or t 25% or.

popul at | B EP ey Ege Rep g s et i ARUPOHB L ADET W SR EF T Ker .
| n ot her 7&andicaRie $n afnérﬁfﬂo@bﬁ@t&a&’c%ihmc&h@ﬁnhﬁeﬁbaRT@m Akeult bB% t 0
about . 50% _from about ,10%to abdoeft . 50% fr%n% %bout %t 0 about 50%
f 1 om aboHRISIOR% & PRSI BV TBIOET REFICR B RRISEH PREE BE VIR B e
cel I s mayygihfifsefeenti ate to express AQP-1 and other renal epithelial
mar kers. [0057] The presently described cells may be used in vivo or

invitro to provide cells possessing water transporting func |onality
and nay B3 ef dihusiheRgeRTy P@@agg?aﬁeég%@ gweasexmg@%%%

ther apy anghliORNE AR, AGn RORIET B dBIHAGEARY VP Ffoamtaﬂsn Hﬁe of
cells to repalr or rep | ace | seased ti ssue or or gans. or exa

renal - | i kellsgrdyl @pﬁ@othm epithelmtimadkess, mpl@émsé&( Rﬁmw%ienm&]%ﬁﬁ@}d @De
i ncor por to re l.ace .t f.unctd o

B oong nat it PR PR UBREI% OF v PR AT Pt PRV aoe e TR use
of orga. ﬁb@nes%fdrﬁim@@lahﬁitlzﬂ“/mlﬁbrﬂai Atont Y% br mbiaT teawell @osulatish Bay

matrix to create a de novo repl]a t organ
express AQP-1 and other renal egﬁhe%a{meq markeg:s In otﬁer embodiments, from about

2% to about 50%, from about 5% to about.50%, from about 10% to about 50%, from

12



[ 0058] It has been previously recogni zed that enbryonic stemcells
could potentially provide a cell source for cell therapy strategies
(17,23-25). However, prior to the present nethods, directed in vitro
generation of renal-like cells frombES cells was not known and the
functional | f erived fr ' ell.1th t i es
has been3%?%%%%??§§#§§g%H§@F€%W“8§%¥§E@%&BO%EB%%%E?&ﬁgé%“éégéaﬁf
renal di sedsH theazllbean differankiyte to expmesd AGYP-d eghothérramed ppithetiatmakerar
gene therapy (26). [0059] Previous studies have shown that the renal

r eabsor pt.{ function n, be..successf ul | onduct ed by, hu Lexi mal
uhore DIt | A e SR R RS R e e R P P Y AR R R o
on pol ysuybdseitghadiéravnigobels Bysioaty ddhay Béieia pDfegawhativasirdieges
successful |y denonstrated in Phase VI| clinical, trials, with_an

i mrunopr SYYEE FYESnH AT TS BrraphandioBeingEne Srectrrtiyp HEy FrRLYe Ushe

use of altegeReicpais 6t 11ep§@é1&i§é‘a§ed tksfe &hrbank TRk @PLMIE GerARRkE 6k RN (11,
23). However, this approach is |imted by the shortage of Kkidney

donor  or gelirsreddy galirsasait kidngewheralthey apwineraprsist smtcplcs the funetipapf e,
thus onl \ﬁaﬁlggeg tifsﬁi@ EfSSite tel%%{lé% aﬂ&ﬂ&f reé%r gaflve Qﬁf%%@%]t ARoRreShl I'U.SG

source for ioartifticra assi st~ devi ce. Due to their
wat er tr afigygan trienificfeaiicinicomblnation with etheefabtorsexp pessintg @k ddoroduced
accordi ng Paa% thec res(gj;t nmet hods provide a readily obtainabl e source
of cells’t aFmﬁ%ﬁ%a& ed in bioartificial tubule assist devices in
strategies to replace lost renal function. Thus, also contenpl ated
herei n af@0afdvi delsasdeeh pretibedis recognizadehdt embtyweivtstenf cdlle sould gpightially

function_that incorporate e differentl | s _expressi;ng. AQR-1
o " he Pt e RGERET B St Bluly HAtkaBl a 2aidsf Bt RN e
bi oarti f medtialds,tdidetied e85 gtnctiaioh OF rpainlilad dllofoedESsekxpaess kngwi\QP- 1
generated in vitro fromhES cells, i.ch device be used for the
Pr eat men@o b SR Y BB o e el ey Py HeB R TEr o
tubul e agsitatilydepbeescap (610851 ANQLH Afealtirk OFYcEARchdehbeBedidiflg an
interior lumen. Typically, the lumen is fornmed at least in part by a

t ubul ar &Pcupidan Qe FRpsplAyation s EsRthegry &8¢ or nmenbrane. Cells are
seeded on the porous surface or nenbrane and allowed to attach and

expand i ogsm)ul atrb@BusAdRRatdioas8hat TR esd &éaaggﬁi@rmnétwaicﬁ@bé y
exposed to fluid on two sides (the cell free side and the side with

seeded cé&PsosysTully ponduriad ydwmup eroxiaiiuy e enickal colisipeRt Bpmdntnaray be
| ncor por g&ﬁ‘% fdr%gng Iag% %@@ﬁggg&;ygg&a&mbwmp%ﬁg 4 0. PriPapiEhaS 1 N
been successfully demonstrated in Phase 11 clinical trials, with an immunoprotective
barrier on the polysulfone membrane to permit the use of allogeneic cell sources in a cell
therapeutic application (11, 23). However, this approach is limited by the shortage of
kidney donor organs. Organs will generally be transplanted if available, thus only ina
fewl cases will the donor organs be used as a cell source for a biocartificial tubule assist

device.

[0060]  Due to thejr 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.

13



[ 0063] For exanple, in such a device a hollowfiber henofiltration
cartridge with a nmenbrane surface nmay be used as a scaffold for cell
growm h. The inner lunen of the hollow fiber nmay be coated with a

sui tabl e ECM nol ecul e and cells added to the interior of the lumen in
the pres f - | f.d gﬁ\cﬁ ri g

[ 0064] Tﬁgg,&fhe@g sse%?@%r{ 8§ p%)%rgg%l hgﬁ) 0 cpr epgllre‘:]'a(rglSZ;igtétf e‘%gg?%%?%ﬁﬁe
met hod comfis exgiresgingiAGRel gadaratd ngitnERom GER selly) twbidhaleb e aapbe asidrigr
AQP-1 as gdescr.i bed .above, either before or after seeding the cells
into an itﬁ?’éfzqhgp%oé%ﬁhg?eyaﬁﬁ%}opow fibre device, the interior |umen
coated with an ECM nol ecul e, including one or nore of fibronectin,

| am ni n, [0062]geGedevalBntiobfificiapmbulassist Hevided Gfdesipie] ssollof@piel fibkéson
may thus be. grown on the inner surface of the hqllow fiber to. provide
within t H@Vﬁ%&ﬁﬁfﬁw&%ﬁnwﬁ@eﬁawéég uEten felpraest aat?%mwag}gﬁa AR ng
a confl uemd b iy Lforo@ suffRadr neRitkhR! (CRlls hrlekBede@bh trePordhs BRPIEEAE 1 ON
I n which sone of the cells are differentiated to express AQP-1 as

descr i bed¢Bgee adgdlewpd foatfaglepndexpenddn peRlgiofaarthesuriies oRorfiiyfasss
seeded i | ¥l r ' ' -

Al t er nat P%gf)@hgltlﬂ%}ﬁg gﬁ@%@%@d‘; ﬁ%% g?éeﬁﬂ %%etesg&ﬁ %ﬁggér ég%a‘f'{t%%egg?df I C
cul ture mstpubrgrdepices ae snewh nghé ot Gngenés) ded/mge be {BOG Tl istbat ed
above, t i . i f . w fi ber
dovi ce, oy Sy S ERAET D hS sl B RlRE ST Ry b
performed by growing the cells under suitable conditions for growth
and nul ti[@P63ht | Bor eabmplesinsutt a doypeladollon-fibst hgnelilirgivanl cagpées witlca

I ' d .bed ., ab | agi n I
culLure TR, GFieasy bRRlaRtS B BIE. At el o

hollow fiber may be coated with a suitable ECM molecule and cells added to the interior

of the lumen in the presence of renal-specific culture medium as described above,

[0064]  Thus, there is provided a method of preparing a device, the method
comptising differentiating hES cells into cells expressing AQP-1 as described above,
either before or after seeding the cells into an interior lumen of a hollow fibre device, the
interior lumen coated with an ECM molecule, including one or more of fibronectin,

laminin, collagen IV and Matrige] matrix.

[0065]  The cell population may thus be grown on the inner surface of the hollow
fiber to provide within the bioartificial tubule assist device a monolayer, including a
confluent monolayer, of renal epithelial-like cells or a population in which some of the

cells are differentiated to express AQP-1 as described above.

[0066] LES cells prior to differentiation may be seeded into the device and
differentiated after seeding. Alternatively, the cells may be differentiated in a renal-

specific culture medium prior to seeding into the device.

[0067]  Asstated 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



used in clinical applications while being separated by bl ood
circulation via artificial imunological barriers, reducing risk of
i nmune rejection or other imune conplications and risk of possible
t unmouri genesi s which nay occur with undifferentiated sten1ce||s

0069 Th b bi t I
used to (PRSH & STBE0e S atRaLd el orl UL oFRE Bk TR R 18°
W t hi n t hRedin@sinichlf apgh@e!hoﬁslmhliﬂ@oe@sﬁgsdefzh atd@by Bleo&aycmiontvah fretfighisor b

substances within the kidney ultrafjltrate, thus m cki ng the
filtrati dwnawaﬂ s FRcingaisk PERENYE TECRHOR of RIICK IYRWP

[ 0070] Thygmp h&ﬁi’oﬁs bl (RSP pBY Aoy oS A8 nARIcBRdyif uidiRRddia@da
renal relat ed di sorder in a subject. The nethod conprises connecting
a bi oart isf9mefedls. t ubul e assi st device of the present invention to a
subject in need thereof. [0071] Treating a renal related disorder

refers 1 qoafgRPPHRARDY &’éscﬂ%ﬁ%&d%&t‘i@né? %&b%ié %bz@‘tj de@irce ﬂfa?*b& %Qedrt§ %Héttas

including cli'nical results. Benefici al esired clinical results
can incl Lsdeectthawnalaeembtelattrdndlscedert dhe a¢llsenaﬂmt fhe hiogrtifieied Fibleassigin of

one or no ggﬁé

di sorder (%r% ?Jl}%g%gtgg (%IS %9[1 | za r:g%wgﬂin ? te a@&gg’)s%gsrs%lﬁhﬂngme
preventi dﬁtrai’toncbaﬂeémmrpmﬁlhctﬂbmsofajhafalthykﬂns;ease, prevention of
spread of disorder or disease, delay or slow ng of di sorder or

di sease S n, f;, .di sor.d set,
anel i or aﬁpgﬂé]gr Ié’iﬂsitlh |1§ér¥s° fe?ﬁ%eyaf’gléi% & E"orOd seas sta‘?ﬁgat%‘

rem ssio rdn{oMBeﬁmMubgmt t Tlad method atnglrises cohnading AYioartHivisd hbolermsast

prol ongi ng suryjval of .a subject beyond t pected in the absence
of treat ﬁF?quyBﬁF?ﬁdwewdﬁhﬁﬁédJﬁéﬁﬁ“?ﬂﬁﬁﬁ?ﬁfng the progression of
di sorder or disease, slow ng the progression of disorder or disease
t enpor ar i{D9711al t Treatity amena r¢nted dsaddbyreferd toian\apﬂmash foabtithintpgbhesficial

progression of .the d|s er or e Qo0

o s eiea st it el isSGR) BBt T s Pt el sl Gan
requi ri ngnéii@abaené ndt@ﬁm@dw @ﬂbvﬁtﬁin&ﬁr@ﬂieﬁérﬁﬁﬁﬂiﬁhneﬁrﬁi@fbadynipﬁinﬁcﬁd
di sorder refers to an dlsease di sorder or condition which

cause, r cSpifions, dimjpishrgent of getpntof disoidetordiseate. Hekiirrtipa of e sigle °rfenal

failure, dx&ﬁé&ﬁﬂeﬂ&tﬁﬁ%@&%ﬁbﬁﬁéﬁt S adade Sr NERLE, ?E&%ﬂiﬁn JTSRREDSH S
Bright's disease, renal insufficiency lonerulitis

gl oner ul dlrdar 65 fliseasgdelas gnplpwing of p@m@[ onlisegsenregressingy delawerelpwing
devi ces %s‘dﬁﬁ? 0105183%@&59@ YhERT S 55&9&\%& S Bs@bdror disease state, and

remission (whether partial or total). “Treating” can also mean prolonging survival ofa

subject beyond that expected in the absence of treatment. “Treating” can also mean
inhibiting the progression of disorder or disease, slowing the progression of disorder or
disease temporarily, although more preferably, it involves halting the progression of the

disorder or disease permanently,

[0072] The subject may be any subject having a renal related 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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Generally, the device is used in a manner simlar to a conventional
di al ysis device or henofiltration device. The device is connected

externally to a subject and the subject's blood or fluid is punped
t hrough t he device past the nenbrane with the cells seeded on the

opposite d e

PPt * it wk RTINS AL N S VERL ARkl P SRRl | L
fromthe }ﬁ:uimjﬁanﬂe\tiaes SH deimmaughnidmdd:gmmﬁy tq Qﬁlﬁ)ﬂdcﬂ%}ﬁg e Blﬁajeﬁ:t’s o}
presently 1 de a net atln arena reae Sor in a
subj ect ﬁduifglsupﬁﬁlﬁ’sfm’if%’&kéh ’rce st g ’@Pe% & AtC édon

i nventi Orthé ap@sﬁyéaﬁ@@ﬂthe fheM8Rde hitPheeEven @By BdcklifB Iﬂ@ergue}eh@ TRVERES

are known, for exanple as described in US patents 6,150, 164 and

6, 942, 879 plpeyampast wairt asghe blevd exellwidfromdhs sbieshisdassad inepgttandar d
surglcalcgg cknj ection nmethods. The cell or device may be inplanted at
a suitable site in the subject to provide therapeutic treatnent of
the renal related disorder, for exagple a site where renal epithelial

cel I's ar dOP&4LI r Bleere isrdsowpasaflyl provided 2 watipd pf wsating k. renabrelaiei disorder
structuregy a[sﬁﬁé&\]&o@ﬁl i % 1én‘fﬁ§|%;zlgfg?g ‘iIeQrEce%? ehr&Sh 1? %‘tx@@uﬁ@h}eﬁ in

i ncluding ce 1 oar ubul e *assi's
possessin@am&wamﬁtransporting functionallty is adm nistered to the
subject. The term "effective anDunt as used herein neans an anount

effectiv do??g i eve

t he de5|?§g?§%5u £?aﬁgﬂa&ﬁﬁﬁg o 3?9&?E Egsggga re %gg%%?sorder
[0078] Theliidend 6/942,87%l nunber cells to be adnministered will vary,
dependi ng on several factors, including the severity and type of the

e SHBDTE CLERL AR s RO, S BSUR LBbA TB fEs0GE,

expr essi ngeth(@ fIFheragll tradeaidarinmy St dmpldnted att o smittbla sitecinahe mj et wgrovide

0 SO et AR SPA AL ML L LGRS0 TGL AR S 1 U1 0

met hods, epéthdliapefdidlatd de@iifed, BEMEE S 4B dend BB xialae hibulds Behcture.

[0077] An effecﬁve amount of cells expressing AQP-1, including cells within a
bioartificial tubule assist device, possessing water transporting functionality is
administered to the subject. The term “effective amount” as used herein means an
amount effecﬁvé, at dosages and for periods of time necessary o achieve the desired

result, for example, to freat the renal related disorder.

[0078] The number of total number cells to be administered will vary, depending on
several factors, including the severity and type of the renal related disorder, the mode of

administration, and the age and health of the subject.

{0079] It will be appreciated that the cells expressing 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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exenplified by way of the following non-limted exanples. EXAMPLES
[0081] EXAMPLE 1 [0082] In this exanple, human enbryonic stem (hES)
were seeded on various culture surfaces with different extracellul ar
matri x (ECM conponents and cultured in a renal epithelial growth

medi um ( i.s, nethod was applied to differentiate hES into

r enal epmSke cells. After 10 days of culture in REGM

i nmunohi m Western blotting reveal ed expression of
AQP- 1 anibg:%ﬁS ﬁmgﬁjﬂg an epithelial phenotype. Flow cytonetry
showed that the differentiated cells had a CD receptor expression
profile g0082RAr Inchishaimplie nehah Bmbtisaie ste@n@iEstzei s¥ededlonhatieus cillure
addition, the differentiated cells exhibited functiqgnal water

t r anspor tSUBALFS Fpthy @Bffﬁénféeﬁrm}@ar £ iabe 81Ny §P¥ﬂﬁ°%nf§'énfi ﬁgllﬁgﬁd Bidgect or
Wi t hout | Qafell oAWh he@NBI RESINN Thil MthodtWisSy h@gif%‘i'&l\ﬁ'aﬂﬁﬁsei?to

differentiati on protocol for the generation of functional rena

epi t hel i aendl erighedialt-lile qcHafieahO gotsof cvlake in BBGMSs dmpwphistedheaiizsnd o
repl ace | . i it er | 5 . . 4] hES
el ot 1 e e B B o
Howar d Hutheegyde dlewlcytomstry shaved thitf)e ditigremtidi¢dnelshat a GP@ewptoh 5% of
CO2 on negnyci.n-resi st ant i ar use fibrobl as train. FVB, (Cat.
No. P R ERICAte f el Bl PR it R BRE B pligon

(I n?/i t r oghifferehiffed detib extilsited EORRO0 Hates upfperrand e&i:lxcl&\bé bul2096 fof 7 @KuUmM
repl acenent (Invityrogen, t. . 8028), .1% ut alax .
(Invit rongﬁ,Pg’tﬁ;gﬁl‘?n {\189%%‘8’0%6%‘1 oss ﬁ%@ -1£%R Eil‘é%os'g‘ms%%s %H‘H’&r%iiﬁ a
sol uti on differéhit o8 fbtodedtor tMNendrdfldHlofGokbtiondi % epithelial-like cells that can
penicillin-streptonycin (Invitrogen, Cat. No. 15070-063), 0.004% of

basi ¢ fi Ho6PialY bgjpisdimstriasies fo epegdosirepalfincigen, cat. No.
13526029), and 0. 1% of 2-nercaptoethanol (Irw trogen, Cat. No.

21985023)[0088E PMat&4als AMVSRiHJdEr obl asts were plated on a T75 flask
coated with 0.1% of gelatin (Sigm, USA). The culture nedi um was

h d d | t bet ween. 7 and 10 days. The condjtioned
Chrtore MARA ¢ und i et tard ol aiien: Hiabbed ntiasiturhen o
al ong Wi tiowidd MRshts MEdiOE Bstituld) SES/6 Shihited 4t 3t78¢ Q8% bheof 4Pr obl ast

| ayer were trypsinized (0.05%of trypsin, Invitrogen, USA), scraped,
and fil t SCEEYERTBIYM RTNB0. BeNsHEbEPblapkestiain F¥EB deate Np) BMEE™S cul t ur ed

on a MATRbERUTEDIMnALFibXa ﬁ%ﬁh?ﬁ%@%ﬁ-ﬁ%}\@ﬁfﬂ@i&é%ﬁ} PRLC o ol ut ed

1: 20 in Knock-out DMEM cu’l‘t ure cont ai nrng nditioned culture
medi a f r ctO82908EFupplemented avithi 207 Soicetunsreplicement blouittogem €at. NG ce to

L e e Ny

anal ysi s,anfiko geid kaptiooifvitteged, C4cNaridil4G-85@n1 % af pehisiiatsispofnytine hES

cell's. (vitrogen, Cat. No. 15070-063), 0.004% of basic fibroblast growth factor (bFGE)
{(Invitrogen, Cat. No. 13526029), and 0.1% of 2-mercaptoethanol (Invitrogen, Cat. No.
21985023). The primary mouse fibroblasts were plated on a T75 flask coated with 0.1%
of gelatin (Sigma, USA). The culture mediuom 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 bFGE. The hES cells cultured on the
fibroblast layer were trypsinized (0.05% of trypsin, Invitrogen, USA), scraped, and
filtered through & 100-pm 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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[ 0085] Upon expansion, the cells were seeded on various ECM nol ecul e
coatings and cultured usi ng REGM (Canbrex, USA) for 7-10 days. The

ECM coatings were prepared as follows; fibronectin (lInvitrogen, Cat.
No. 33016015), 50 pig/m in phosphate- buffered saline (PBS), natural

nmouse lamnin (lnvitrogen, Cat. No. 3301 .3 mg/m 1:15 diluted
o PBS. aARUioE 6 TR AOTOD g Bl S ORGEEDS G2l T ie Smiespyor Op gt

di luted img. 1t), aoMDEInd Thko o5 Bibtid ORISR MPUR £AEHIs YRR Lohffmel the T O
the surface of the cell culture flask and than renoved.” The culture
medi um wasdidirentated detas of e RBP cdlly. The subcul tivation was perforned
by using 2 m of trypsin sol utionl (Canbrex, Cat.-No. cc-5012) for 1-2
mm ol | gyeghiby e e%?gisfoh%e Qélls%ve?% sedfled RBibRs BEM kb A8Ld8Rgs
solution (Canbrex, Cat. No. cc-5002). The cells were centrifuged at

500xg f orndeuliuped urig REGEWUCembnsdi Ubdinkes 7cHhdrye dheEEAY contings wesy .

cul tur o St o M, SRk daPhosil LRERCRAOLS S B 0B

was addedutftred mdine dRB Bignaontentyedimiam {udmogenCataNdB3053015), 1l S el

REGM [ 0Q86],.,RNA.i at i on. and -step RT-PCR..T al R S
ol at bd LPGEA EBF RLd FUIRE PR SeRB ot ot e 0f el RS

( Macher ey-0sageiCl. Tes sbhitivhs a6@@acH dxPoded forhieh rRthe hat€ictl bLhe SelPEdfuRC Ol .
One mcro ramot{1 total RNA was reverse transcri bed inté) c% usi ng
the H ghl@sdithap emRpeds bh PRlTedipmatasicasnea 6458 PoRRIaYUSH) |
Briefly, ' |pe o ' NARRA N
RT buf 1¥e rs‘?&gﬁliTvgmnl% i’_ﬁ@?@?nmﬂr?ggﬂ%r anéll ?Sﬁ%lﬁtg? g%?ﬁt%%@?gtﬁcgl) g
The reactPth ok kuria, RHswrhbrbaedditiomot? mhefinasingpetrdizaieroluoe, M
Resear ch, C%Lx,f@ft. ﬁ(p cmﬁgo_ L l?escgﬂs (N_Qllel c@ﬂ‘ﬁ@fé@%{ ﬁéSdIQng%o%?&n. h@bulﬁ&e

each ¢ was used in t reaction wt t1 num PCR Super m x
(1 nvi t r ogeadinnUSA) chaipel avenutthay dayx dhdianiporrsmakinbulg Bellsfogare Gulipiad, ongd C

for 30 s, fo ' f 0. anplid § for .4 .cl es. The
pri mor's. FaeedSoates Ny SBenAnchy TR B e g Bl SufpiEsER, O
(Appl i ed HBiRe3 ywat aidsd atiSéeadnricdnbartmtapiat i2vetoHomaimise theeRB@NL. f r om
Genbank. The priners were as follows: SOX2 sense CCCATGCACCGCTACGA

552 7 Wy SRy RS By o

CTTCCTT T TARGERATROTATEGHR REEQI isblatith kit @Y achBety3Nabek €rarany) according

[SEQ | D RO Mgt S i p AR SRS AL 5V 3 Do ko
ant i senseDEANIAGONGAT GG TAMT GohivSER (APhINA BioSktemt 8SS A% Bs@ly,

CGGAGGTTCGAAGACGATCA [SEQ ID NO.: 9], antisense GE0GGGTCATGGGAATAAC
[ SEQ | D N&H ofifgfal RNApwos wikned evitbEXanats orFengRT Py I Roixtyre) |

anti sens C . , P- .
CacATGGT SR TR0, M el RS Rt SR R aca
[ SEQ | D Marmalledtler BQE-20G dbResAdi] GOAGENQBAGIAL ALY flfind by 2Nt 15]
anti sense CCCGGTCAACGICAATCAC [SEQ I D NO. :16], Megalin sense )
GGCCTCAGPEIE dndpAtTach g3 owapnsgdin the PLR gagtios srithdherleinm EERSreamTAC
[SEQ ID ; ' el ' o ~ edinecCkdo The
beR pr odom LR LD, Bh Bt R Rl IRl Dl i Smid Bk L3RS 2

et hi dir umlbn@n¥2t€. 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.: 1], 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
I8



[ 0087] | munohi stoehem stry: The cells were fixed in ice-cold ethanol
for 10 mn. After 3 rinses wwth PBS, the sanples were incubated with
bl ocki ng sol ution containing PBS, 10% of FCS and 1% of bovi ne serum

al bumin (BSA) for 30 min. The anti bodi es agai nst AQP-1, p-catenin,

it o nat S SRR AT AT G SRR A Al ER st E R iR E A agrTan

USA) wer gSEQIDINGT.: @ }amge@&é oAglcdcAGRAaRd G Asahahed e [FhdmaiNg..oom

terrperature After washes, the s%em nmens wer e i ncubat ed or 45 mn

with appﬁ&dﬁﬁﬁ@e%%m%%ﬁ A Gt [SEQID NO- ', etisgnse00 in PBS
cont ai ni Qmé&(@@ﬁﬁ%g%ﬁ Sﬁ@nﬂiﬂ@i lfO Phagh Al drich (Germany)
e spec

for nuclear stainin S were ana yzed using an | X71
d ynpus rﬁ%@@@@ﬁ@TGGW&ETé‘SEQB@N@uMh aatlszstn@ tal canera and

processe n Jose, CA USA); a
cel | cou%ﬁm‘/{ﬁgg‘a‘g}?%&nggg\#sgﬁ% %ﬁ@ﬁéﬁc@ﬁ 3:5 &0 f AQP- 1- positive
cel | s WaLUMMBCEEGTOCRIOACEC [SBEQ I ti0. A8Padtisefasi t i ve/ DAPI - positive
cells to = 1 i - po 0088] Western blotting:
The cel | éﬁ?%ﬁ?&?&@lﬁ‘g@g Egeﬁ#hﬂsgﬂ‘f%fg] %R% “%??H;ecat ed. 15 1.tg of
the tot a|A@ADGGA@GmGAG®ﬁﬂA&GAQSEQQD Nemsahdsomee e separated
accordin o their nolecul ar wei ght in SDS-PAGE. The proteins were

t ransf er FETHANH AN GEAE [FEQIPINR  (h\irsalinsatseane (M | 1 i pore,

Bedf or d, d&ArTOACIGTHRE GEMTTATYEYES NS, rlvﬁ)'aﬁﬁsea&oar atus (BI O RAD,
USA) at 15 V for 30 inM The remaining binding sites were bl ocked

with PBS %@@MG@GBF/%WA&{SEQWQ Wl landnegs w%@ﬁ imhedhtofBr 1 h

at room tgnp d y\4

f 3-cat eni n, %‘f ’gf;(lg nHE% %éyn%% g%%?%e? IFE%E;%/ Eﬁk)
and cytolbecvrmﬁan 18 (CK- 18, ZSmaed Technol ogi es, USA) over ni ght at 4C.
After 3 washing steps, the nenbrane was |ncubat ed with al kaline

R T R e S e R

USA) . TheAfiamiuineds| witlsPRB® ke sopiyerreidculsiadgvith lﬁcdmglmutﬁa(bﬁntﬁinmga nner

(Hew ett C A).. The agsess f.the ar.ent

nol ecul arl%ﬁellf%t f@% %Xé’gﬁ’ %?88&%“*8@@5%“%@{%@ g-glga%ﬁ:i o2 wer e
run in pagshitelQn-n, ;ﬁaaanﬁmmraapﬁmﬁelgn@mﬂ)m%Eh@wcey ry: 1
mllion cells were suspended in 80 of PBS cont ai ni ng 0. 5% of BSA

and 2 mw%%ﬁﬁ%%ﬁ@%%)@eﬁaﬁe%ﬁrm B G Bmyed %hml@awa;&]ﬁm

bl ocki ng y&agifnta wWaksiAdderho a4 L £
phycoerythrin (PE)- éolnj ugat ed a%ﬁ%ﬁs!h&%dﬁ eﬁ% ra%d{%géxxﬂeé%l% and

CD326 ( al%asksst ap ﬁmﬁmm ekt inpehaied fe 45trais WI@mmpﬁ)ataﬁem@deeubcfdms 10

m n. Con tﬁi&ﬁ] b ¥ -
admi ni st tragfggi%n an i so@%?%%ﬁ@%%q% cglm\y\%;ge&%%ghﬁeén Flﬁ}ne
tinmes wi tAdixf Germagd fdrinpolcarsthinden tihe fpmanéns Nve[r@mexiénaﬂryzed a!;m@@mxg

Bi osci onidt iR HBeTPC iR P e a oG el BT Ra vl

vvere cul tPhvwehdps. A(AMbe Baytats,iSan Iéss STL, THAY; drcell phat ess baforakd | east 24
h prior to t ssay. .The cells were washed with PBS (w thouyt caIC|um

and nagné’éﬁu?ﬁ{ ahep Feriagedd AQhy BOSIGRIAIF RS PiFHAL ﬁﬂﬁﬁéﬁ%@w ot aoP

| oaded prﬁlmﬁélbﬁ@[-ﬁosﬁMe(deﬂytotAQB—QEhegH%)DﬁPI—%Sfﬂv@%EHsCOncent rati On of

1.6 p.Min PBS for 10 nmin, followed by ing steps with PBS, each

for 1 m ﬂ(}% were then live imaged in a fluorescent m croscope

setup wit e%tﬁ%%%%oﬁtngeTh%ﬁﬂﬁmevw%éﬁaﬁEédLﬁmlhlgf&s@afﬂa. c (0.06%
NaCl in waiigfidd 39! gtometota ﬁfﬁte]r?«.?e%%dd&@%t% 48 Bind AEHerB beRfhtddt €r val

of 10 s for 10 mn Met h software (Mol ecul ar Devices, USA)
was used a?@r%ﬁﬁlﬁﬂ@r mﬁ)&ecﬂllauwp o865 - AEBrieyrotelio 0914 tr@istrmed &t or

(pai | "oty ApHANE R CTB S A Fial R L UG R R

Western blot apparatus (BIO-RAD, USA) at 15 V for 30 min. The remaining binding

-
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[ 0092] The ani mal experinents were conducted according to the
approved | ACUC application #060160 and NUS-| RB Ref erence Code 06-052.
SOD mice were anesthetized and 1 mllion cells were injected under
the renal capsule. After 6 weeks, the kidneys were renoved and

D B ned AN oE Rra P S bRl Bh b i DR offh 10O T R
cell ling 10&1&@5@&&113‘3{@11‘1: 1R nirlenaste Wgﬂﬁﬁa%dﬂltﬁ&iﬂlérmﬁQF—ﬁu&-EatéﬂaﬁA)
were mai ntained in _an enb n| c séatu on a_npuse_ enbryoni

fibrobl aé%ct%/ﬁx@f)\f’@@éééﬁom 1otge, 01?@6PSA:II%‘1 ﬁﬁ@‘%@#’r%ﬂ a8

subcul t ur i ghel _
Knock- out P\g'gg}glg nb%?ﬂ %ﬁﬁ%ﬁe@? \r%gef{cj> ?3 %% %@&hﬁ%ﬁ% na. |vt&ISo ned
medi um cotdubgitéwith mtkalindyhobftt e @aihertel agcenddFagibodien(Iaagovs) Germaopk ai n

(o) D5, TR AR Ry B R o Bl pantlosR! 86
undi f f er amkindinedotdbte tvate dmatﬁemaoﬁdmgwmmemso d Laskt CIFDeWIétt Packtrd,
o e a6 G5 i s i Sl
basal W@WFABE%%&&H@W}@M@%% BraBSME bah ok Iﬁm&wph as 0.25%

of fetal calf serum (FCS), epidermal growth fac i nsulin,
hydr ocor epi ne hr| ne and T3, each at 0 %of concentrati,on.
mmc thte[bé%ﬁt h STy omsirye A cotiomis el Rere pamoeeisd 1 89 ¢4 QPW%W

di ff er enty N BOARANE RN of Hiﬁ?leﬁédﬁﬂugét@@@a%ﬁcﬂamd @mmihnzo gdfregen type
IV and MATRI GELTm wer e exam ned é& I nitial experinents with DVEM
@

culture Mﬁb}géea&maﬁwﬁrﬁ gd&p@%@ﬁequ@sm bofdhe pnicgeryibry (Pehpoainaiehed
IIRS cel Lg e
op ing in aI I ngtﬂ:}g%lmg@ A4 QES %rubtaqﬁédf%&%kf}ﬁ Blotd]

cell spr ea?I odti1ngs appli After ays culture
in REGV Gemrangoivest atlh frir 4 0 myin\@antro\@petimants iMsurherhosdditsiutriuntdody

expr essi Live ¢ r r tin,
Cam i SRt ERE el R AR e Blen e RS U e
expr essi additibn AfgPechir{fingatihn ﬁ&%ﬁ@ﬁmpﬁ)ﬁﬁ%lgv’éhmﬁlyms (whaE gerf@ajeli using a

Subcul t th | led to a further i
"n Che. AGSEIL 308 OGS R TRDI B O | ngs (Fi o, 26). The -

percent age of AQP-1 expressing cells is sunmmarized in Figure 2c. The
REGM cul t[ﬁﬂm]rredwuml srzgnpém@myluymgrcanﬁneden@wéresﬂ:n&aﬂnngnandlayeﬂa 1

expr essi n ES I dition, .the s ure of e
sanme EOM RS T i S e poarrey o s re b A
expr essi m@ltﬁ@it loglcivk Wha R@IpE Oiim @dltsh ’ﬂﬁedtﬁﬁ@e&fch\f@ 1E6M. THPesllsRedd loaded
staining with CK-18 anti body reveal ed that al l @HDél expr e55| n cells

express (ﬂ(ﬂll@lo(aﬁ'@M Orpjtrogendi@ad #riginaheqncensisfion HMpingit {opd0 pomg) |

At the s I f:

human nuc ;@cg’t gh]([ﬁ%ag% cg’“t%u %gijlt w%re %ﬁa&%%%érn:ﬁg[ier@%%dgsam).
To confi rﬂmrelathmbacgpecﬁ@ﬂ@méda CﬁDl mmﬁ‘h@tn@ém@mf@tqhynge@é@a ern bl ot
was perf d_wi ) nt i bod| es _u

munoni oBenen e Nt B as A Tt ke Pte SR Pl ¥ sl memalet
expr essi ag sdbr manhml\/laEﬁlquaﬁ godrwatd Myl @ Deglekd, WS YoresMiiRb GEL Tm
and when the c were subcultured on the sane ECM coating. A

paral | el I’Feé%‘fﬂa TSEWRC FEFOSEK- 18 and [3-catenin, two

epithelial -associated proteins. No band or a very faint band was
found forf0odr urBliokdaetorRti-a &id hihSveaiperiprpts: At SIORORI800 @dtjriszﬂfoae

under the differentiation caonditions, the expression of cel |
speci f i c TEPRap® elipg@@fmga V%%ILY‘EE]&IEIP%FIZ&PQB@II@H Wes epaf or | h with

up-regul mwm@ﬁwaﬁﬁedniaz&ﬁrrm@m@méq@ﬁﬂﬁ R {6 ta8la HEReRAS WBR-
[0097] REGM is a conplex cul ture nmedi um containi ng various factors.

To assesseedse opiefthermarprne,faad ewfusechipREEEVrgr 2eb ynder bttt AHE-
growt h, TAGLOL SR Pk LHRY QMenPMacRE ® { 68 B A FliG-andhn AftEr
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[0098] It is known that during enbryonic devel opment, the kidney and
derived tubular cells arise fromthe nesodernmal germ | ayer beside
cardi ac, skeletal and snooth nuscle cells (29-31). It has been shown
that BMP-2 acts as a norphogenetic factor for nesodermal

specific I - 2
can dir eggfuhe %P%Qés@g@lsegﬁgstﬂ%t@ ﬁc}ﬁ%ﬁ g’%?tm eﬁ%dggrle;eﬁgﬁ ({eﬁggtpa@é(av% 1).
Hence, i trata@$ Oéxalﬁnmemﬂnmmldaum {12 ddtsreamgdiwh filwotgtogasipkendabls cel | s

di ff (Fi U .
i t heéﬁ?f R0 R he et RSBl e G B 57 et e B kT o
AQP- 1 pogilids\lto®Rislfsr g8 SxDBsey (2B ThémeBbenE Withahe @XPRAS hdfecRdlb er n

was foungrﬂx\é\g%n the cells were differentjated w thout BMP-2, whereas
BVP-2 in apalysis @fter Ja1Q dave 9T e SPYRCpat t ern, i ndicating t hat
AQP-1 expression could be caused by clonal expansion of AQP-1
expressi Mg0S2] | sTig by exWériredhd Ger® Borddibred\eRoddifXRIBS Sipdsvel PASURY! €

cells. [0099] To %ssess further simlarities of primary human proxi nal

tubul e cePPLCHANFRGELRPD and NESJRE BarerangeiGods 0695 SCIDqaiceMefcept or
expressi %eﬂeﬁ%&i Q:delelln 1ibY 888 w(efg %{e@t@&ﬂﬁd Gl ¢ | Sk Widt %&GM
wi th no BMP-2 added) were anal usl ng | ow cyt try. It was found
t hat humdidasybwrivapmerdund pate @nlwﬂ@wdeés@use&umsgmanmnmg@f CD326,
which is In addition, a

subpopul 5%1?5%&&&% a{lﬁEtaﬁE’d %pﬁheﬂm& ﬂél%)&eé(:éi;{j‘)essed CD133. Thi S is

i nportant since CD133 is expressed in a small popul ation of human
renal corP993 cBeésults and it has been shown that these cells can
regenerate into renal tubular structures and are classified as renal

dult st | | stye33uB d
?:DIISS [S)Ogl t |@e ?eﬁ l's wg)g Ceg\ll)ﬁégwtg (P]cs)r!rﬁt ﬂ{?&é‘g%ﬁ PM%&@%ent ?gt ed
on NMATRI GEBFuwaradmeintaineREGY enbrpiordastaingon hatoummbrgehb fibxoblast 3fEDe a
conmon e@éd%?ﬁkmf“g 9%? é}l gé s (.513?[% We1|'_eb \ﬁgcu%ﬁedt prﬁeass s coate “11’{]1

differentratio ced expressron o p05| £IReYE
which is MAE‘RKEE&“@)@;M% sﬂdndm}c ~oneDuibaah’sarddifed Bojle’s tnrdivaaMIEM)

presence of a Lffer i,at e 100].To

et hor - civagGoRgfoned mtyim, So1fERlet BoBiing Mrosedt fag G | Sty f%?%%flnm
tggul e, \frohdass-fied colivrs amanﬂbns (E7]:1\B|)VEx1ﬁ2§stﬁihlde&33f zlmﬁ elbgz,csmgy) jateg i n
addition t atjon cific protein profile . In a
first setmgpe n@n -HehtE %I‘FT‘FE&E HeriffFrepiaated shatigmiesh PP@W@Fe seeded
on a MATRI GELTm coat ed pol ynmeric porous nmenbrane, which was pl aced

into a pgooasyi onr@inmae@@ﬁerenmﬁnsm@emsu&wcmtéa RGN efithetidl icfowtRdi UM
at a flow rate of | pai n W|th recirculation of the culture

medi um ( 2594 @%@M? ]1“%59&?% rae REGM serapases A remskenidial bpsalmegium

i nvest | quEQM)Isﬁﬂl&%ﬂté&ﬂﬁﬂﬁ‘é%ﬁﬁfah%rJ QichtaQ@ WOENALUPQIEXRREERIHN. A
confl uent ponol ayer of cells covered porous nenbrane en irély,

and doublc@iderrra) Whﬁﬁtqr@@ﬁbmehm Hpatiromlmehmﬁn@m@mdﬂ’ﬁe e@eélats wer e
POst tive o 0% 0B bALAARERUS AIRL ARURIIA] bYh A H Ao Faftil of
(Fig. 6a). These results at the cells cou survive e

per f usi oﬁurf@ﬂes itk d@ﬁﬂrmttﬁ(l&:ﬁ cvmptbneats lvighes dibgrectin fand@R; tollagpr typson,

i ndi cati EE@‘ Baten | use in a bioartiflcial kidney application
(BTAD) . %gd elrhm ne t]%gl%feﬁn F%nal ity of the AQP-1 expressing cells
with regard to their water transport, the cells were first | oaded

with cal 8896l n Indiot enpedment uﬁﬂld)MEBD@ﬂmmstiammtaﬂmeg 16%pdFES to a
hypotonlc so tipn (3 S . Jhe cal cei t he, di.ff.erenti ated
cel I's was®\¥ é’aﬁ’o"&fﬁ’ %V%‘gﬁeﬂé]%gt%% EIOEVBY?E%ﬁwWﬁde%%@BﬁWé‘F e s
ret ai ned aﬁbﬂhﬂenﬁﬁid%ll@pﬁﬁcﬁh@in% EdMdogaigh egpﬁehaAﬁec ]@QT& b fougfretife
cells exgﬁ##ted functional water transport (Fig n addition,

undi f f er & By t‘%?é?%“’éWéFh&QR éﬁefquaﬁw@evﬁméawépesw wdtemq
under t hgwitgBal 0% aP5dkiteeRbn AR fPr&RctifiidShintan&SHspen e it O 0gi cal
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[ 00102] AIl publications and patent applications cited in this
specification are herein incorporated by reference as if each

I ndi vi dual publication or patent application were specifically and
individually indicated to be incorporated by reference. The citation

of an |0 | [ o ' . DF | Lling .dat e and
shoulé ggPAg§%%§§§%b%g%ﬁﬁguéﬁxgpﬁﬁég% ﬁg%ﬁg#9¥ﬁ%95%§§g%éqf %%ﬁ%ﬁon S
not enti tdelel(Rig 2a))t utatieors ufthe hED lckltsadn thasdnye BCWiledtoof fupth¢rdficrease in

given | n EePhE LROBRCan Bgud MR (et B RGerey vy S0P
wei ght / v odxFesif yéey iﬁﬁ&n&%@i&éﬂ@ﬂ%ﬁﬂﬂ@ The REGMIRIEGS hitdRen sipRBdAd) As

used in this specification_and the appended cl ai ns, the singular

forms " aromoigheclhypgendingand il geprpisionan bR pelsehicddition e sibgeliure
context clegag| @%{m%@e&ﬂm&rm@mg@ganqn&kasédmgaﬁsérfpg% Lpn and

the appended clains, the terns "conprise”, "conprisin rises”
and ot herexpressisg edlstihdspendent eighearespactivelbd¥dype Dunkstaiving Midi GE-A§

i ncl usive e ty | ' pakti.cul reci-t ed (el er or
component g DRsuE S B A1 A5 el o] R L FEUIESE NS oo
def i ned ah#ieepithsBal @hbnotyeli?8)catl tharansimendli AQR-1tpesitise vadRdvednepwitivehave

t he sane ning as Gco nl nderstqod to .one of. ordinary.skill in
Lhe ant e Br G Bas RS T SattRRe e Tos oaiett (g Ay g on

f or egoi nghé feeanldb@sinddas ieemiEesmenbed, Wastsamiotaek pkifomedwath B same
Il lustration and_exanpl e for purposes of clarity of understanding, it
i s readi |5™Rl5Harbatibpdies prsd forgrmpmahistaehpmistyy (F1g. A)- (Westorp plof yerilieggR of

the teachhfome®bxyrtisRnioP KEPLI HIREGRU afeL 1S éé'a@ o? BARLE Sy RNLYTRIGEL™, and
modi fications may be nmade thereto without departing fromthe spirit

or scope wientthec @.@fﬂf@hm&md@_ theeame A ogating. A parallel result was seen for
CK-18 and B-catenin, two epithelial-associated proteins. No band or a very faint band

was found for the undifferentiated hES cell population. In addition, under the
differentiation conditions, the expression of stem cell specific markers Oct3/4 was

reduced, correlating with the up-regulation of renal markers towards an epithelial

phenotype.

[0097] REGM is a complex culture medium containing various factors. To assess the
influential factors affecting cell attachment and growth, factors were omitt:ed one by one
from the REGM (Fig. 4). After 10 days of culture, it was observed that fetal bovine
serum (FBS) was essential for hES cell aftachment even with MATRIGEL™ coating. In
addition, these factors influenced the cell proliferation by different degrees. In particular,
insulin showed a significant impact on cell proliferation. A reduction of over 90% in cell
" count was observed when insulin was not added to the media for cell growth. Reductions
of ~ 45% and ~ 30% in cell counts were noted when epinephrine and transferrin were not
supplemented in the media (Figs. 4a and b). 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
e;(cluded, 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).
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1. Itskovitz-Eldor J, Schuldiner M Karsenti D, Eden A, Yanuka O,
Amit M Soreq H, Benvenisty N. Differentiation of human enbryonic
stemcells into enbryoid bodies conprom sing the three enbryonic germ
| ayers. Mol Med 6(2), 88-95 (200). 2. Little, MH Regrow or repair:

Pot ent i al enet at | S . ' t rol 17
7 2390- 20158150k RS AR id IR, ekl WREARRTT 01
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Kriz, W, Ksetzler, rovoost, “Stabilit
| eaki nesdIpogrsatmiontwith BMRA feshe ngaed 2o oridmg/ol, ankieteasd nymbet of

1570-1574 é%-g ;‘%g%itig%cdlw Ebseﬁ'eg X‘?ﬁc{x@&g&l 'a!éléigﬁ rg?ttte?rﬁé ‘é’ﬁé fouftd %191? fe J-

Pr oxi mal ‘bt‘ osphat e " Teabsorpti on: ani smns.
Physi ol Rells 8&e differ&xihed Wih20BYIP-B whkabsBVRP;-2 Thduedd aahor€acitietiut | ve

S TIETE W N G T ST R
Nat e AcadxpiisiodDRAER] exptdsding 2416 dnliBYDIvitchifly oMitR! AR eDpressioMdn singleH. ,
Frokiaer, J. & Agra, P. Regulation and dysregul ati on of aquaporins in
wat er bal%§lte disorders. J Intern Med 261, 53-64 (2007).

[0098] To assess further similarities of primary human proximal tubule cells and

REGM differentiated hES cells, the CD receptor expression of both ceil types

{differentiated on MATRIGEL™ in REGM with no BMP-2 added} were analyzed using

flow cytometry. It was found that hurnan proximal tubulus cells expressed a high amouint

of CD326, which is typical for epithelial cells (32). In addition, a subpopulation of this

cell type also expressed CD133. This is important since CD133 is expressed in a small

population of human renal cortical cells, and it has been shown that these cells can

regenerate into renal tubular structures and are classified as renal adult stem cells (33,34).

A very similar distribution of CD326- and CD133-positive cells was ‘observed for the

hES cells, differentiated on MATRIGEL™ and with REGM, indicating that both cell

types share a common expression profile (Fig. Sb).. However, the present differentiation

protocol induced expression of CD56-positive cells, which is normally expressed by

neuronal cells (35), indicating the presence of a pool of differentiated cells.

[00100] To determine whether these cells display functional properties similar to
proximal tubule, various in vitro and in vivo experiments were conducted in addition 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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10. Verkman, A. S. Roles of aquaporins in kidney reveal ed by
transgenic mce. Sem n Neplzrol 26, 200-208 (2006). 11. Hunes, H.D.
et al. Initial clinical results of the bioartificial kidney
containing human cells in ICU patients vvith acut e renal fai | ure.

Ki dney Int_ 66 578-15 00 12, Sai tatus
and par s PEEERESOERRTL i e an s ayaon g e opaigeg ooho 155
(2006) . iSverddetibpiiots mBEbraResaird, mE@B@lEMﬁﬁ@mﬁ@@s}ﬁmeBﬁﬁgﬁlﬁreA
Enbryonic stemcell |ines from hunman bl astocysts. somatic

di f f er ent128OPErPTithe SAlls Were nQSiivefE SERHIERuS f@(raasmsé gviaberatinbowd 14,
Kouskof f 4 \é[P L ?ﬁ Ush) GhesiCRMAE tiowed R M dafls bbhild KEVIVE theFerfoa &Mt

devel opnen Remat opoi eti ¢ and cardi ac nesoder m dur i ng enbryonic
st em cel kordiitidrewigine bighidegree ﬁ@@PN@Prem% igligatinieir po B use i 1931170 5

benvon s PR i REloplteu BRI ADT 1 dpd 6 BrbRinally B AR T | o,
of cell sexigedisingdefls with togamio éwtmmltranaioﬁmheebm%w?r@ﬁmt Maldéd xﬁglad ﬁ;:l ]
orowt b 1 SukR B RponE S G B epR B el ecred Raropr GHe SEPYRDe st o

cell's: ansRN($l Mhe f0dsndatihcaiffbrefiti fet dilacras ﬁ@ﬁi&&bﬁﬁby&ﬂe hifofsiem
Bi ophys Res Comun 335(3), 637-42 (2005). 17. Kim D. & Dressler,

G R NepftBidh i‘"&leﬁ‘ea%?%?fsc clb t5ied Ty @Eﬁeg}"ﬁt@%gdﬂdlﬁﬁtm&ﬁ% & PeFisR Phni ¢

st em cel ks de} &xtisRaknRRbAd %}Iafe@traﬁ]sg&@ Fast Cﬁ%) Nﬁﬁﬁﬁlﬁbn Jtédlféﬁe%ﬁaté@ﬁés
(2005). 18. Richards, M

Bongso, Aellsmﬁérffqr@ré@’@ﬁ§élﬁwgrmeqﬁddméwb@quamapm G@ti@@e gﬁﬂ%ﬁmh of
human in ?gglbsg@_ elhj niBogEs %ﬁn&m&x&égeﬁ t&%&t%@&%ﬁon Nefhe ﬁh&tlﬁﬁ&?@' 20,

933- 936 nmson nbryonic stem ce I nes

derived MithmoHiffesantibied s@lbcwlsrﬂsthowﬁn@e difBPentitted SelislesRib{tedO@mor
formation (Fig. 6¢). In the latter case, the injection area was characterized by dilated
tubules, indicating dysplastic changes, which are likely to be induced by the injection
procedure (also found in control experiments where the needle was inserted without cell

injection (data not shown).

[00101] Expression of other cellular markers were compared. Figure 7 shows
fluorescent staining of Megalin in differentiated cells. Figure 8 shows PCR products for
AQP-Z, AQP-3 and AQP-4 for differentiated (RD-hES) and undifferentiated (hES) cells.

[001062] All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The citation
of any publication is for its disclosure prior to the filing date and should not be construed
as an admission that the present invention is not entitled to antedate such publication by

virtue of prior invention.

[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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20, Karp JM Ferreira LS, Khadenmhosseini A Kwon All, Yeh J, Langer
RS. Cultivation of human enbryonic stemcells wthout the enbryoid
body step enhances osteogenesis in vitro. StemCells 24(4), 835-43
(2006). 21 Xu, C. et al. Feeder-free growh of undifferentiated human

enbryoni ¢ ”S Lgm ang " l Jh%’ m V\P%E}ll%?a& ?e%&@&ée uln?ess &1@ %P%(Z;%]t C():éeé}%? (g:l?ctat%?othewg@.i na,

S. et al.?Autoéfine none prevents
di f f er entAisakédain tldf spmﬂ‘menmmm}teyappmde&elauas tlpgbins. “cénpdeet,i nol ogy 147,

1819- 182 23. . Ti th Br odi e
Bi oar 11 1| PRI IPHIRE L ErreH ot e e ap Bfeiied P
associ at ﬁﬁu cla8Rsiense, MapR!0liN e(ettichlao feritdd clerd&is &%bnipdRiy . 24.

Atal a, A oh, C.J. Tissue engineer i ng applications_of therapeutlc
cl oni ng. WAIﬁﬁ‘éF erelpding apssefhersiomnpar opmnepeia rlessdefipsiatierse all et at

Branchi ng AuchiSng bdﬁdtﬁi'f'c tdrfhs TERORARTAVS G R BbantioGh %6&1&10915”5 in

teratomas originatin rom.nouse enbryonic stein cells. AmJ Physi ol
Renal Pl zydirgbod00pe FS@d@ary(ste)the @6t vBrideiifrdnentipn Mlow at
I ntegration of enbryonic stemcells in netanephric kidney organ

cul ture. [a-(ﬁ 03] Soc Nﬁﬁm{gﬂ lthe]fgregaiﬁg FavEBRH(1298Ren described in some detail by

way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing from the spirit

or scope of the appended claims.
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2. The nmethod according to claim1l wherein the renal -specific culture
medi um conpri ses renal epithelial basal nmediumor renal epithelial
gromh medium 3. The nethod according to claiml1l or claim2 wherein
the ECM nol ecul e conprises at | east one of fibronectin, [amnin,
collagen 1V and Matrigel matrix. 4. The nethod according to any one
of clai ns WHAS B Gh&atdER iShe renal - specific cul ture nmedi um conpri ses
an epithelial growth factor. 5. The nethod according to any one of
claims 1td.4 fuktiethodeddpiférsitiaging ddiumgn lsorbeyonde gtrodeb®X ded ipoat @iln 2
to the renal - specific Hl tughe medi um before or during said culturing.
rhé ¢

6. The netH8t 4tk BCHO4iRTPTFE her conpri si ng addi ng bone
nor phogenetic protein 2 to the renal -specific culture nediumat a

concentration eultifignmbotitferdntatédhB® 01l inldreRsl spkcifie bolhg e ieddihi iMtie
said culturing, wherein said culturing conErl ses growng the cell for

7-10 days, the hressage ofisaexirpee]lvlar matex (el modestss Pades cordiigns
epithelial gro redi Lmsand. - |$e %@
matri x, and V\h\éé@{;ﬁc%@lghce g%dqléf?%rr% |atnregﬁtﬁ?cﬁ%§géeiﬁépdéé(egrez(g}s\%%ﬁé -Pll'and
at | east one of CK-18, 13-catenin, CD- 326 and CD- 133. 7. A popul ation
of cells d.ff erldrtmatbetacdbrdeg foycldimonwherpopiib adniabspeoftichuudtare ratinyioni ¢

stemcells in.a rengl-specific culture nmediumand in the presence of
an ext r ac&PTEFSsS TR PGl E%Sal ’é‘?dlﬁﬁeqféi“}??& 1@%@@ FEHHM- 509% of

the cells express AQP-1. 8. The popul ation of cells according to

claim7, when prneRasEsH forinBoNeHnof odMnPenefeifhdiBB Indi&fe 9.
A bioartificial tubule assist device conprising a hollow core fibre

havi ng an Sompapisat 1gagimme, ofiheoricatim diromin, gabreeoddtand Mittigelanatrix.
extracellular matrix (ECM nol ecul e and a popul ati on of cells of

Caim > 3 _ . ; . DL ‘
s ot dovi ce, TREHATRAOR R GRAE bF Qofhl) APLRLE] B P St
assi st dewutteremsgurh Sbmgriseshnl dpiibel o @y with Bictorhavi ng an interior |umen

and seeding the interior lunmen with a popul ation of cells of claim?7

or 8, wherein e interior Junen is coated wth an_extracel |l ul ar

matrix molecul té‘l]“ﬁrni‘ o %Cg@m RGOXiCRR OF Halr mfptﬂ SRR ersisadding
bone morphogenetic protein 2 to the renal-specific culture medium before or during

said culturing.

6. The method according to claim 1 further comprising adding bone
morphogenetic protein 2 to the renal-specific culture medium at a concentration of
from about 2.5 to about 10 ng/ml before or during said culturing, wherein said
culturing comprises growing the cell for 7-10 days, the renal-specific culture medium
comprises renal epithelial 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-1.

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

any one of claims 1 to 6.
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11. The met hod according to claim10 wherein the interior lunmen is
coated with an extracellular matrix nol ecul e conprising at |east one
of fibronectin, lamnin, collagen IV and Matrigel matrix. 12. The
met hod according to claim 10 or claim 11, wherein the popul ati on of
cells is &ulturfebiotuifmiat orbhlempist dayivelcay@risingathioligwtdoee filmt dmviag an

I . 13. Use of ff ' t. of l.ation. | I's of
ci'arm 7 o B PRR A RUPRELURE PCel Whre GHERELY By mEPRdEr KD oeShey

rel at ed diaﬁ@&%@ﬁulﬁﬁb@oﬁém§P&Iaﬂ1ﬁ‘7'6?§.d t hereof 14. The use according
to claim13 erein the population of cells is provided within a

bioartificial tubule assist device of claim9. 15. The use according
to claim 18, wiemethedwohprappiag @ bfoagifisial tubld assigbddvie, theviaieod s

adapted f xi-ernal .connect i .10 the subject. 16,.Th e

ceor di ng PBPAHTE Ry GRE PR S SRR cophisiniitho Rl v

di sorder dbaphdveigsar @kaor huhdning, se@Bphit@RREAY: lufieaREin Lpdipptioapat hy,
nephrosis, Brig-it's disease, renal insufficiency, glonerulitis,

gl omerul o §§l|lseqf?§§q1g1 Ofr hapkrgie the interior lumen is coated with an extracellular matrix

molecule prior to seeding with the population of cells.

11.  The method according to claim 10 wherein the interior lumen is coated with
an extracellular matrix molecule comprising at least one of fibronectin, laminin,

collagen IV and Matrigel matrix.

12. The method according to claim 10 or claim 11, wherein the population of cells

1s cultured to a confluent monolayer coating the interior lumen.

13.  Use of an effective amount of a population of cells of claim 7 or 8 in the
manufacture of a medicament for treating a renal related disorder in a subject in need

thereof.

14, The use according to claim 13 wherein the population of cells is provided

within a biocartificial tubule assist device of claim 9.

15.  The use according to claim 14, wherein the bioartificial tubule assist device is

adapted for external connection to the subject.

16. The use 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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