METHOD FOR EXTRACELLULAR MATRI X MEDI ATED

DI FFERENTI ATI ON AND PROLI FERATI ON OF STEM CELLS
WOEROSS7RBFERENCE TO RELATED APPLI CATI ON [ 0001] pd1862008/000467

application clainms benefit of, and priority from U.S.

provi sional patent applications No. 60/996, 816, filed

on Decenber 6, 2007, the contents of which are fully

i ncorporated herein by reference. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates to a
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avai l ability of such approaches is often limted by

t he shortage of donoy tissue.. Stem cell i ncl.udi
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18). Human nesenchymal stem (hMS) cells are
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Human mesenchymal stem (hMS) cells are multi-potent and can differentiate into various

cell lineages of mesenchymal tissues including, bone, cartilage, fat, tendon, muscle,
" adipocytes, chondrocytes, and osteocytes (19, 20). hES and hMS cells accordingly have
tremendous potential to provide different cell types for use in a variety of medical and

research purposes.

[0004] Techniques for in vitro differentiation of stem cells into particular cell
lineages using specific proteins or chemical molecules have been well-studied. However,

achieving a large population of differentiated functional cells remains a challenge.



40). [0006] Simlarly, achieving in vitro
undi fferentiated proliferation of hES cells suitable
wo o0090r39m cal applicati ons has been chal | engi nBCT/SG2008/000467
Traditional culture nethods for proliferating human
stemcells require the use of nouse enbryonic
fibroblasts (MEFs) as a feeder |ayer, which could
result in cross-contamnm nation of the human stem cel
pulat
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[0008] In addition, the method of the present invention provides undifferentiated
proliferation of stem cell in vitro. Using the method of the present invention, hES cells
cultured, for example, on the ECM extracted from MEFs can be proliferated without

differentiation.

[0009] Thus the present methods have the potential to provide a much needed cell
source for regenerative medicine. The present methods may provide a high yield of
differentiated cells of a desired cell type at a low cost, and in one embodiment also
provide in vitro hES cell cultures that are free of cross contamination with MEFs. Such
cultures are thus less likely to result in immune rejection when used in regenerative

therapies.



[0012] In one enbodi nent, the support cells are
differentiated. The support cells nay be for exanple
w@e@gion®bo t ubul e cel l's, pancreatic insulin-secPEr/SGL08/000467
cells, osteoblasts, neuronal cells, glial cells,
hepat ocytes, nyobl asts or human proxi mal tubule cells.
[0013] In another enbodi nent the support cells provide
condi ti oned medi um and extracellular matri x that
a o th stem.cel
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compyisiHeNEHImERB n@ﬁPWﬁﬁﬁgL fUPPRE °Bresent met hod, the stem
cell may be for exanple an enbryonic stenlcell a
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Cdbenbodlnent the stemcell is cultured in a tissue
cul ture plate or culture flask. [001 6] In another
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t he popul ation of stenms cells is a popul ation of hunan
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he cells express i nsul i n c-peptide. [0021 ] In

anot her enbodi nent, the popul ation of stens cells is a
[00163 pullathathercfmbudiveent, the support cells are differentiated and the stem cell is

cultured in a bioartificial device. For example, the bioartificial device may be a
bioartificial tubule assist device and the support cells may be human proximal tubule

cells.

[0017] In one embodiment the stem cell culture medium comprises about 45 % (v/v)

to about 55 % (v/v) medium conditioned by the support cells.

[0018] In another aspect, there is provided a population of cells differentiated from a
population of stem cells on extracellular matrix extracted from support cells and in a stem

cell culture medium comprising medium conditioned by the support cells, wherein about



enbryonic stemcells and the support cells are
pancreatic beta cells, wherein about 30% or nore of

WO b@9oeddbe express insulin c-peptide. [0022] Ce&EB8G2008/000467
aspects and features of the present invention wll
beconme apparent to those of ordinary skill in the art
upon review of the follow ng description of specific
enbodi ments of the invention in conjunction with the

0 0 ing, figures. ..BRIEF DESCRI PTI ON OF THE
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way of exanple only, enbodi nents of the present
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cells int roximal tubule cells.. Light m croscopy
methpilpfuend pol BtREnRRRser POk i st Bedlr ! (EBHES)
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fromHPTC culture, and differentiation of hESCs on
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culture treated dishes without any protein coating.
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or mﬁ’&r(gél?e cgegﬁggprquglqelgarcg%egﬂg% undi fferenti ated hESCs; 1,
3, 5 and 15 represent the days of differentiation. (B)
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undi f.f erent.j ated hESCs, and (2 i fferentiated.hES
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emb&UiFRES of {HRQhtibh R hctibnWEh HRNBboAsHIS fiRkesh ES
cells differentiated on ECM of HPTC. (A Water

transEort assay: fluorescence intensity of
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| ower curve) (positive control) as a function of tinme,
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Lution. (30 nOsn) and the | oss of fluorescence
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software. (B) Tubule formation assay: cells were
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HPTC ECM into proximal tubule cells after (C) 18 h, (D) 3 days, (E) 5 days and (F) 12
days. (F) The differentiated hESCs were subcultured in tissue culture treated dishes

without any protein coating.

[0025] Figure 2. Gene expression analysis of hES cells (hESCs) differentiated on
ECM of HPTC. (A) RNA extracted from differentiated hESCs after the specified days of
culture was tested by RT-PCR (reverse transcription PCR) for the expression of proximal
tubule specific genes and stem cell specific marker genes. UD represents undifferentiated

hESCs; 1, 3, 5 and 15 represent the days of differentiation. (B) Proximal tubule specific



Cells were fixed with parafornmal dehyde and st ai ned

wth (A anti- Megalin antibody (B) anti-AQPl anti body
war@oO@v9@nt i - PAX2 anti body. [0028] Figure 5. EeT®8G2008/000467

expression analysis of stemcells differentiated on

ECM of insulin-producing cells. (A RNA extracted from

differentiated hvs cells (hMSCs) for anal ysis by

RT- PCR of the expression of beta cell specific genes.
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[0029] Figure 6. Immunostaining of stem cells differentiated on ECM of insulin-
producing cells. The differentiated hESCs (A, B, G) and hMSCs (C-F, H) were fixed
with paraformaldehyde and immunostained with anti-PDXI1 (A, C), anti-human insulin C-
peptide (B, D, E, G, H), and anti-Glut2 (F) antibodies. Images were obtained with laser

confocal microscopy.

[0030] Figure 7. Flow cytometry analysis of the insulin-secreting cells. The
differentiated hMSCs (B) and hESCs (D) were analyzed with human c-peptide antibody



undi fferentiated hVMs cells and | ane 2 represents the
differentiated hMsC. (B) Light m croscopy inages of

waor@him®eenti ated and differentiated hMSCs on PE/SGR08/000467
after induction of differentiation. (C) | nmmunostaining
show ng positive expression of osteocalcin in the
differentiated hMsCs. [0033] Figure 10. Proliferation
of hESCs grown on ECM i sol ated from MEFs. (A) Light

using 8 FEAGRY P CR et sy YR st M b RPOEA R
hESOiay! i n staining by Phalloidin-FITC. (E) Conposite of
B and D. (F) Conposite of B and C. DETAI LED
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OSteo%ﬁ'Bﬂ’@iﬂ%ﬁhgﬁgnﬁ?mi%gﬁs and interactions that
regul ate the fate and function of a stemcell. During
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ECM nol ecul es at particul ar stages of devel opnent
and p5F3 Copppsitegifihy ﬂ%ﬁf@y, during tissue repair in adults,
stemcells, recruited to the damaged sites by various
chenoki nes and their receptors, are induced to undergo
DETAMIERDESGRIPTERDN t he i nfl uence of the
m cro-envi ronnment of the specific tissue. The ECM
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nal i
can be grown in th% absence of feeder cells, using a specific extracted extracellular

matrix. The extracted ECM, when used in combination with medium conditioned by the
same cell type from which the ECM is extracted, provides support and growth factors to
direct the proliferation, and optionally the differentiation, of the stem cells in culture.
The inventors have discovered that using ECM extracted from MEFs allows for
undifferentiated proliferation of stem cells, whﬂe the use of an ECM extracted from a

differentiated cell population results in directed differentiation of the cultured stem cells.



nol ecul es required for the differentiation of stem
cells. [0036] Although in the past, studies have
wo omuseEvon the role of growh factors in the PCT/SG2008/000467
regul ation of stemcells, there is an increasing
recognition of the critical role the ECM plays in stem
cell regulation (21). Cellular interactions with the
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Human sera, which contains ECM nol ecul es
Theserstidied iintjcats throthe oticnenvironment plays a role in stem cell differentiation.

[0037] Stem cells require adhesion to an ECM for survival and growth (29).
Traditional in vitro cell culture conditions for stem cells involve culturing the cells on
MATRIGEL™ Matrix (BD Biosciences, Germany), a solubilized basement membrane
secreted by mouse sarcoma cells that contains a combination of laminin, collagen IV,
heparin sulphate proteoglycans, enactin and nidogen 1. While MATRIGEL™ sustains

undifferentiated growth of stem cells, attempts have been made to define better matrices



vitronectin and hyal uronic acid, has been used to
sustain undifferentiated proliferation of hES cells in
WO Ra0LO729%Y) . However, hunman sera does not provPOBESEDNS/000467
nol ecul es in the same tissue-specific conbinations
that are found in the ECM of particular cells, and
thus the sane tissue-specific cell signals and
interactions are al so not provided. In addition,
acce hunman ed by the availability of
:wlﬂgpgggpggﬁg‘1%%mgﬁ?ﬁ§g%§§ﬁ%3%ﬁbe carefully tested for
the presence of bl ood-borne pathogens such as
[0038E palh diis, Bffeteapiaidnthathédsdade béva lmitwio the use of purified or

o THRSERA SASTE Ko ok AT o B o

ECMCblesul Yot G fisut;anmt @ otfhéﬂiﬁnﬂeﬂ)drﬁieﬁaﬁiniah engddt ent | aI
to induce the differentiation or nediate

cOmNQAENtS RISEEPRISHIE&R0: b E‘fr@\e&tmléwr%@fﬁ’ﬁ’éﬁ%‘i Eﬁ%@Plegules will
S

SRS U0y Ao A S

compiwtérs df BEM sectaied bbgcebls & mndlcfsed:dll, resiivesr@tdastivaio pptéisi ng

cul tur on_ECM ex fro
expreifioferyhsfsih SEPET R oo by AR EER (B S ee
provide teSsame @BMbinatien 61 BOMGRblecule dsulif namhllgmeaefeﬂ &Iynhfn@ll or
nmedi um condi tioned by a culture of the support cells.
the fofhrange efhielagical sHegtsfReviPYIdF-ed in the absence of the
support cells. The support cells of a selected cel
[003bYyPe mlﬁalwe%hhdh JEREINSBONI el e dhdliDIAS ﬁsﬂfnfed:tﬁi ent
to allow for cel rowh, in order tg provid
vitrongstigiapgd bY?é‘éfoﬁ@cﬁP@nﬁ#Sd}eﬂﬂ hiedde sisiade pRdiiereptipted prpfigeration of
ks SiRAP Vo3 FLPRRE Bl ot Bt o RS S e,
samearsslud-tpemﬁu sentbastionsshiiste faved fnd:he EQM uf Pm'gcqlareceﬁs,@nd thus

cell.s. Thus, there js no . .need in S
the st G oM Sl h i rmB A g pie Rl Buface”l ekl
acceishg ﬁ?l?bﬁ/ %a is[lﬂﬁgea]bylﬂﬁé El@llhhﬁt}{lff&%@ﬁlt ddﬁ&ﬁdsmﬁﬁl sera mlrlft be
undi fferentiate ration of ste s.is thu
carefyly testol ori the pieeensp gg{a‘e%g 8PP gRdaens S1Y Tsaﬁwﬁﬁt&ﬁs%rhépamls ¢
and thé’ﬁ'{nﬁéﬂ I¥miRAEEest Vi PN et hods of cul turing

ifferentiated stemcell's hi known net hods of

undlfferentlated proliferation of stemcells, the _stem
[0048}| | Sha presentmsteads o hases &5t thy fpdipas thet cyl@ising steppgalls on an
ECM YRR A il BACHE BERAYA o LANE Bo RIARN, oG ns the
undlﬁfdl'eiltmuftd Itrehfegation wi thedtanncalsydqpending o the typreafrogll fiom which
in contrast, in the present nmethod, the
‘heEgﬁg aF§ adhere onto the ECM extracted from suppor t
cells and receive signals fromthe ECM necessary for
[0044)di fThe pastrit adetitbds hedviidees mtthod of culturing a stem cell, the method

comprising culturing a stem cell on ECM extracted from a culture of cells of a selected
cell type (hereinafter “support cells”) and in a stem cell culture medium containing
medium conditioned by a culture of the support cells. The stem cells may be cultured in
the absence of the support cells. The support cells of a selected cell type are grown in
medium under conditions sufficient to allow for cell growth, in order to provide

conditioned medium for the stem cell culture. The support cells themselves are used as a



[0043] As used herein, the term"cell", including when
used in the context of support cell or stemcell, is

wo ndogoago t o refer to a single cell as well asPEr/SG2008/000467
plurality or popul ation of cells, where context
allows. Simlarly, the term"cells" is also intended
to refer to a single cell, where context allows. The
cell nmay be a cell grown in batch culture or in tissue

I
sourcg ﬁlg#eggcre @m %?C]cnéya Igigﬁf Srsu@%lrln&#g ?%%@MS% ds%
substfakeofot dbﬁttﬁlﬂ@&]hé sterti lctlly: elHus,atherets whneed tEDhudanellsan the culture

extracteq~ % on i.ch I%gCMthe stenms cell are to be
condifigng excert Pobp SEBHASHS Pemse¥Ehport cel I's upon
differentiation or to maintain an undifferenti ated
[0042] at Esm;grﬂ% [SERAONEth6®, indiE¥rehgatéd px@ilfdﬁﬁlcﬁlajf\steﬂ’r crtlsiisthus
as the stemcell to be cultured o& ﬁ Cf froma
t99HG®

possibliefit theahtenss ghivedsrcelisouhich o tyaise kg B R gthods of
cultuﬁx? dndi¥: fi@ntﬁé?éd & c§1¥boﬁplﬁiov&ﬁh!3tﬁodst&%n3fffé?énﬁa@ﬁ pkdiferation

mcell in culture can be influenced
of stedeqzré]ﬂ,dhﬂ gtemrcetlhecctagpeedén topwieraye ef feﬁdqy §é1éls syqheas MEFs,

and r ngeﬁﬁﬁﬁlg@%‘) ?Le f C o Illlts glhat & 11?%%‘711%{“@:? fiﬁ%a gr&?eﬂi&&g
With@itGleinfg@ingited td bRy patramlaﬁhéory,[xf)%@}us tfat itheonstastninabé presant

be culture to be differenti ted t he su
et ST €l PP RBITE BLOETBeIAdrom AR R gseTve
signald ABAGR IEMGRLEssdrY B8 Unddter¥itlatedpislifeogondi ti oned
medi um and ECM and into which cell type the stem cel |
is to be differentiated, That is,by se|lec

[0043h t As upesk heaginsthe iepmi “selb gineMding Whsa us h%l P?f}t%’ﬁ of ppport
cell oﬁrgginuéalaﬁqntglé&}ﬂ t88ertME abiMe ddiBis B %‘?Jlﬂral%%r 9§pulat10n of

ected to ferentiate to phenotypi cal
cells,fwirect caonexit bifows s Sintilagly, te téye ‘i@hﬂmdﬁy o@rmm d&hﬁ’fer toa

single PE BB outf TR, 19 el bR P ERGRL Rl Rufige S

tlssué:@nmadlabﬂeg to as used herein nmeans that the
differentiated cell has beconme the sanme cell type as
ort cell, or that, t |ated eII
1004 s HhF Boprcels sp Sty SRt erith SN AR SR ERER &8 e
medlﬁﬁl tb phtAsdd J&ll&ﬁ[@reﬁf&ﬂ%}bﬁl 26 BONIkef Be bitaictedglait dnfwhlt:]i]e
port cell and has the sane bi ol ogi ca funct.ion as.

ECM; th@ stgmé 58l ered be cilBiediorPIOAIRe SUHETG ¢ 1%1&91% ghepih3iion
or to g‘lfqaérftﬁﬁ aﬁhﬁ@fffe?%n{tlateé BEE! G%e Qh}%ﬂo?trc%ﬂ(iﬁa%/ B frdrh theSda BN E@nfism

support ce are fromdifferent organisms or
as th¢ stemtcall tobsculmeed o mdyde feore b diferedorgantseht of the stem
cell). [0047] For exanpl e, the support cell may be a

0x ; | IR 1654 18 st
R e
cell it ehllturb oan bltdinlﬂgem:ed Thus, depending on the type of support cells used, the
present methods of culturing a stem cell can be used to induce differentiation of the stem

cell or to proliferate the stem cell.

[0046]  If the stem cell to be cultured is to be differentiated, the support cell chosen is
a differentiated cell of an appropriate lineage or cell type that will provide conditioned

medium and ECM, and into which cell type the stem cell is to be differentiated. That is,



neuronal cell or a glial cell, a hepatocyte, a
myobl ast, a snooth nuscle cell, an endothelial cell, a
w@e andiomyyocyt e or a keratinocyte. [0048] DepenPCT§GZIN8/000467
the degree of commtnent of a stemcell to a
particul ar cell |ineage, the present nmethods may al so
be used to direct stemcells to differentiate to
phenotypically and functionally resenble a rel ated but
ere I
by sefepint St it SRz b T 0 TURAROA afft Bba BT e
ECM¢ e IstelScedl daﬁ@é)dneﬂadﬁd d1ﬂ°ekehmnteltofﬁkene]ypncaﬂy agl functipnally

particular cell lin e.that is diff nt fromt
resenftie, o5 Bep o DEeLY AT ey cPRBtrae {9 PR chftsed
“Phe&&ﬂﬁbatlly%ﬁ Fuidhal i aadnibi\r beQEMhBhrablcti@ biradel heteyn medns

he stémcells are to be proliferated in an
that thmdﬁlfﬂeteatlemd cell bas became thesprae selbiype es tsisprpostslepr tptdhe

dlffere_,ltlleltt 2d éehlarte e%bcf%{sl tﬂg s@%@ﬂ'c&l’l Bngek 1 g%f#épénﬁ%d ECMuABE same
S s PR Ry SEPPS T han undi 1T erenti ated state.
phendt9pic excakar ehat idhﬁu’“@uhm@xppom edll sndime dlemaménchl@isal function as

endonetrial cells, ce
the sRGILeE] Kinoer Ein E B i aT S Ao A G Fl S A ehs
if theGfdnh cdIN@Hd suppsreeabire fioh difféeht digimsEedd lirhienionaudtodhe
differentiation into_a variety of cell types or a

level \of eeromégiented the tagtcells partially differentiated al ong

a particular cell lineage and for which further
[004‘7‘!;c f F[)le&tahﬁﬁé QL éuﬁp(;r@&;lﬁh&} ﬁ‘ﬁda p@xfed] lnfould cdlin@bancreatic
rticular [irneage. "Stem¥cell™ as used hereln refers

msultreseamms tenadent cellineluding en eateeblathya Waindsll dvahidient c
nemcglaﬁgéllcor a}%}ﬁ[ feqf] fi%%%t&iy% g%@b ast, b Qﬁbiﬁ’tﬂ'n‘ﬂ%cfe%ﬂeﬁi@npl e

stémce from any
endothlistekll, 4 cuediuthiyagytaonakeratinocytacl udi ng a hunan [ 0051]
Met hods of obtaining stemcells are known in the art.

diff [late
B R LS PG50 580 S pmapy
lineak®) Qh@%r%ie;lbﬂlbthtﬂ&s/mbg alBb 6\1 umdsb direct B&ﬁd&ﬂﬂs \M]dltgkrek)ﬂptte ton
an undi erenti ate S S Metnoas
phenpypicaliz @%@ﬁ%@a{ Ig fRspnp ai rgla WE%%@%‘{%P&?%‘Q Ffé?hzth% ne
suppHR LEIDVor é?(%fn!p[&? ?ﬁbr t@lp@ﬁgmmﬁg {H3 pr&yent métROdsSthe Eltéﬁlcdeﬂ is

ti ssues, endonetrium and bl ood for exanple or fr
already bommistedrto diffrentiafing into @nw@ulgrsq@&lmﬁagwm@teﬁ different from the

undi fferentl anded,
hneag% of tfhe Elﬂ’)é)oh c% 1§ agﬁg)@{a% %’E%hg%ﬁéﬁ[ l‘ég@fjﬁ aiﬂr]i %ng\gg Cto
culture t he sten1c®| the stemcell is grown in a
[0049] e mAdeelativellyt ifitlee steal celln ardtatbegoolifaiatesl in @n dundiffsreagated

statethe F@rgo?t%teﬁs cﬁlec)(:sier{ ire rcpeltls t‘ﬁatcp%xgul‘lle con%monea DRARMPRRI ECM that

maintain the stem cells in an undifferentiated state. For example, the support cells used

may be MEFs, endometrial cells, or breast parenchymal cells.

[0050] The term “stem cell” refers to an undifferentiated cell that is capable of
indefinite cell renewal and differentiation into a variety of cell types or a precursor cell
that is partially differentiated along a particular cell lineage and for which further
differentiation is restricted to cells of that particular lineage. “Stem cell” as used herein

refers to aﬁy stem cell. The stem cell may be an embryonic stem cell or an adult stem
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[0053] The stemcell culture nmedium conprises any
acceptabl e nediumused to grow stemcells, including a
whawalo7ypow h medi um or an enri ched and/ or suppCERENE000467
growm h medium and including for exanple nesenchyna
stemcell growth nedium (MSGCM, Dul becco's nodified
Eagl e' s nmedi um (DMEM, knock-out DMVEM or DVEM F12
medium |f the stenlcdl isto differentiate into a

cell, gn&il{cférgﬁullé)?]r@xawpqg 3 mes %11%1‘[1%11 el %élp e'{]ﬂges?én? E&ﬁ’\fnlai/ pOFom any

mﬁnﬁLﬁmﬁmﬁmgaﬁmﬁﬂumehﬂumy@ehuﬁ@m exanpl e renal epitheli al
growt h nmedium (REGVM), renal epithelial basal nedium

100815 Shitds R binbETa elR TR HtH B Bt STy

undiffedehtidted BES IR a&Uﬂ?@ﬁﬁl‘ly §1€élhﬁly otfanel ﬂrd)rﬁ ﬁ@ﬂasf&%tum is Riiown
“medi um condi ti oned by" refers to ned

in the, gt jug gagbe pegvpausly; qafpmeé vhilg keptrip ag H%‘E)‘Sf@fen@@?‘li §tateﬂla%

lmoxﬁ?ﬁgthﬁlf% 9! %'3 M&ERAS 'élﬂstéﬁ%lg 8 HAGHALS ﬁH&*Boﬁé marrow,
r om S or ot cellular fTactors into

penphexiail blwod,| akmmwlr rdegs, aplpcrle @smee ¢nddmagtrivimend ﬂohmdffplcexample or

ture ort ce i fi.on th
from b Rlos Sy RREO s Ta PR bRt B B MR
cellskedbxplahdeds sip @hdwie & the att$2d) 3fipr condi ti on| ng the
nediun1shou|d be of the sane cell type and fromthe

spe |es nls the S ort cells us S

1002 ¢ 45 e Epnsah et cpliatie it Bhg vt polFeheg e

medRB! b @@t cgﬁsxvifom ﬂa&ﬁuﬁ%&%&d fFoh e cultudidpeofiRe bupport

for a single passage, forexanple for about 18 to about
cellsp4 hours, and then renoving the nmedi um fromthe

support ceIIs i ncluding for exanple by pipetting and

[o053]en 18RRten ééﬂ%&rﬁ&r}n&ﬁu&lcb ?gsrﬁsggY a&ggﬁtmﬁfgecr&gg?ﬁég tﬁ%ow

port cells. The s
stemmﬁp rncleding ® hasa mwmmed/m(rwr\a)l epniched and/or erpplemgnied growth

meda 300 %@%&Hl%%% I\{ X(a%q abo utn aggﬁ%% %\% c\é;ﬂ( Yé%%lur?ngdlu&lr(%GCM)’

Dulbeodtds todifred E]agletshﬁedimm [QDMEM): |1d160k—<but Di\/IEM &1 RMIEM/F12

enbadi_nment e stemcell .culture C
med i, It HS9EEE G915 OO EiS O S RS S (e medium
will 6&bdiablel 0PRBporling tH ¥k th &ui@esalf@ieﬁnaté@ gell ©p6, Ubt exagpldre
stemcell is ECMextracted fromthe support cells. The

renakepiihplial @xavth redim (I M) gispalerihaliabbasal edive(REGMopr
hﬂeﬁﬁgﬁ&gﬁf zatlon that | eave the ECMintact and abl e
to adhere to the surface of the cell culture vessel in

whi ch the support cells are |lysed. Generally, the
[0054)} pp Frhee stemt ¢adl quitare is supplemented with medium conditioned by a culture

of the support cells. “Conditioned medium” or “medium conditioned by” refers to
medium in which particular cells, in this case the support cells, have been cultured,
releasing secreted factors such as growth factors or other cellular factors into the medium.
It will be appreciated that the specific culture of support cells used to condition the
medium does not need to be the culture used to extract the ECM; the support cells used
for conditioning the medium should be of the same cell type and from the same species of
organism as the support cells used as the source of the ECM. The conditioned medium

may be obtained by growing the support cells in the medium for a single passage, for
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coll ected and then |ysed by applying a |ysing reagent,
for exanple water, an ammoni a sol ution or detergent

w@ a7 Prot ease i nhibitors may be incl udedPCHSGHEI08/000467
lysis, the cell culture vessel nay be rinsed with PBS
to renove residual |ysis reagents and cellular debris
that may detrinentally affect the stemcell culture
[0057] For exanple, support cells may be lysed in a

amon
exanlf bt oo 1 <CordRl 2Bt and URETRBLHER (Y HEle rord B8 sy
cells,@nclhdigg €otl ekhlmplerliyqﬁlﬁbﬁﬂ:mrﬂhbéh deatrifsgaionasr fihmtign contemove
substrate on which to culture the stemcell. It wll
remapung sYRRew £¢ gd by those skilled in the art that a
culture plate refers to any vessel in which cells can

[0055 C trhé sltteﬁicteuréumrn@edhm hié@‘lcﬂﬂl ﬁwfr@ﬁamﬁlteom ﬁ\t/e)sto about
us t he st

58
70 %o(éM fr<§n b épe/ei (‘f/ﬁ) 9 ab@&é@l% (Y{éﬁ Ohggm@éew 455AKH) Briibout
0,
55 930) MR Do A By e dlpb e M f AR S Grbb ik e
stemcelhtdiuns meémthumm;mda; thooh Qs iy v) medismpyoditioned bysthe support
[0059] As will be appreciated, culturing includes
'subj ecting the stemcell to appropriate conditions to
support the proliferation and optional differentiation
[0056] t Mae gto@ﬁh eabskrateiused tocbutigrealrd dtempasld ageCMidxmagted from the
te rat ur aeratio atnDs here and h y. [ 0060]
Supp{Rh R (CHE SR ol PO e O eI of
deceMIAARKBA tHatlcBvEthS ERIM GRhdt 2RO BBIL & dddhRret Gt sAsfade 6fthe cell
culture, not every stemcell within the popul atjon or

cultugq yesspl & Which threppRetk P‘?lls)ﬁr‘?ﬁYFffde Cenerplly. dhe sppact cells argye
ol B3 SL0% SHIPAF AP e, A0 e
solutsmmmde‘etgennaﬂtmcm Rivitdase mhibétorsondyt e mpltlﬂnm Afftgelysisnte cell

t|o or nduce differenti nd
culrfiP R oS s et ST Ber QR el B b ot By
debrik rﬂ&rﬁmas}ld@ﬁnﬁdml&@%eme epsinroall eellureFor exanpl e, about
30% or greater, or about 35%or greater, or about 30@6

out 45% or about 35% bout .40%.0f the ¢
005§, ¢ REH Gretrml simoRt Bl B PhFBeRy: HIGE HiRersREA P o
amm@ﬁmﬁﬁi/yd[r&ﬁm&uﬁﬁretﬁat@ R e k& tricd With PERRAI Ehe(EEMS‘on
used. For exanple, the present nethod nmay be_ used

the cplfarg @@t@q:atnftb«?nebﬁ ysge %ﬁle (8T°V§h sepstiateranarhigh torplutedhe §te‘61r
I
ocl. AR B8y Rl Bl HPBEL LR B P R e
vessq:bm wbithaghs o teelultgred in titre ipdpdihg for eramyplaplates, flasks or
h é%%&ﬁqtlate into cells that resenble pancreatic
muit-§ %%creting cells is about 30%or greater, or
about 35% or
[0058]  Thus, the stem cell is cultured in a vessel that has been coated on an interior

cells.

surface with the ECM extracted from the support cells, using stem cell culture medium

that contains medium conditioned by the support cells.

[0059] As will be appreciated, culturing includes subjecting the stem cell to
appropriate conditions to support the proliferation and optional differentiation of the stem

cell, including cell passage, time, temperature, aeration, atmosphere and humidity.
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greater, or about 35%to about 40% or about 36% or

about 38% [0061 ] The extent of differentiation to
w@edibs79p0 t he desired cell type may be readi | yPCT/SG2008/000467

determ ned by a skilled person using standard

nmet hodol ogy, including as described in the Exanpl es

bel ow, such as i nmunostai ni ng, PCR techni ques to

confirm expression of particular marker proteins and

CSyanal.ysi s usin n_appropr i .ant i.hod 2]
10063 SR 5 2soht ity n BB BRGL By BB PR e BREL 1 6
poputsxioh 3adhed afded BuBup Nt tvaeklem deliatitigathe@pulatiohn biycufiumwmaill

in,c% ure, and thus the use qf expensive purified or
necessarly fifferspitatchitoldbepiesent @eiod spuag siepecells THIEMDE of

popubflioEeM-@XL& ARGl 86t HFERALAY afd RBY SRR M dir £&h Lol haaRtAT
with conditioned nedi um obtained froma culture of the

othersigBp wiithingb¢ sana prpslabien or edsire gk indused ordiffereatiaie and display
i ning. I t
e oA LG RV 60 B RPN 2P SUCBL A For

exanpds; abde G 0% aatgpeaserporaduciedb Yhyr gragters apgmut 3@%Itd sbouTHe%eor
factors allow f.or i ck fficient oliferati an
aboul 35 38 Snc bt B Ut Pt Sitrerbt Rl S B SR ared
or mbPREGHhHINGE BOLmReANgtd thebipperticellikéd PRE dxakipdd, tHeliReseit
it appears that by extracti ng the ECMdirectly froma
methed pisarbe usas o, induse diffesprtiatipn otuparmationot pMRAYRET & t h
P HEs S Al @by BB B4R 0 PloReafthefli SGixdting
cellsgsuahiaethe pestrtageel dells il tha pejpiilation thitelifitremmteingf cellEFwmt

an ECM extr.acted.from MEFS W l,)] undergq o
reser G PRICETAR O 4 Bae B 14 0F MO bt PR O phgue 35% or
greatlf, @k kbt 835% a0 abak 4bYd at sdbubyeRFsboubBssl arly, a stem

cell cultured on an ECM extracted from human pr oxi mal

I1s,is induced to.differenti.gte i.nt.o proxi mal, tubul e
10063, | et Fferkiistian oo o Blegistif Gl GRk e renttly
deterdif¥EYy 4 dkilVddMRrsoh AeR4E stahBfd REEISRIBIo el IR Em gk S6scHBETNnt the

undi fferentiated proliferation in vitro in the absence
Exargplesheloypruslbagiammeestaining CR tpphuiduen o ¢ondEm srpiestioibefs

. V] : f cross
B S e s

facilitating the undifferentiated proliferation of

[0062] em Certviesienily, esulE CMVhesed srethe flesgri phiedeis capqted Ggmr |
Th L ff nt i at. I ' . .

o35 SRS RGO RALHE B A B s

or recanfiaim BCM hwlddukes suppacduiredl The fseafamBiCM ekinected directly

diti d di i s.coll ted d.t ECM i
frompiort ¢on toBe oG Firh GRAH PR od Gp Pineh feom A vl B of e

support cells thus provides culture conditions containing the complete complement of

ol

ECM molecules that are found in the ECM of that cell, along with secreted factors -
produced by the support cells. These factors allow for quick, efficient proliferation and

optional differentiation of the cultured stem cells.

[0063] Without being limited to any particular theory, it appears that by extracting
the ECM directly from a support cell, the stem cell culture is provided with the same
diversity of biological signals and effects supplied by the ECM when associated with the
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differentiate by seeding on ECM extracted from hunman
proxi mal tubule cells denonstrate the capability to

WO e@asmIrd wat er conpar abl e to human proxi mal PCHSGE08/000467
cells. In addition, the differentiated cells are
capabl e of form ng tubules on MATRIGEL(tm), indicating
potential to formkidney tubules in the presence of
the appropriate ECM [0066] In another enbodi nent,

cell, Sﬁo% %ﬁ}hksa e utRedid fERER F&@&mﬁys %ﬁ%ﬁ'Egﬁe}YI%Qtrég\ﬂ

extracted from pancreatic insulin-secréting
fromddhbswilt latd@rgmmdiffanemratcdlm@hfmﬁam sinslac tosthé pmluﬁsfratlon

i PRS0 A L5 ol By SFFL SV A

proxingl etlss i8 ndueeli o Alifbdehiatd 1|ntl£1’6rdililna® fbuletellLuaiEin tvoold if
uI|n se r?ted by the differentiated cells
“m“¥%$ fronased Y V" posure to nedia of |ow and high
gl ucose concentration. [0067] hi another enbodi nent,

[0068] € MTGe bicSert Rtk aIsg ngfnfnt ShBTtleAl ReddroBREMAAT, Qﬁ‘roﬁ%e

extracted from osteobl asts denonstrate expression of

absengetof g MBS feederarld davey dhas the presemsimethodsprestidonprofwobgpt
Over(‘:[)%sf‘[%t)i)lgﬂl%&“l ckdks Q&g%ﬁ élaﬁorgbif ﬁu%&%&%%nﬁ%&%&wgie%y

resent” net termne
facﬂ]taémg mlnecwxdsfferdﬁmddqroﬂgfemtlon béstparcellcwitbout dheffse b€ aMER ed
:&edcel%&%g . For exanple, as indicated in the Exanples
BEFOW ™t hese techni ques include determining the
capacity of the differentiated cells to transport
[006Ght eThe ﬁlf%ﬁmylt'eﬂ gellproficed irethe prssenthedtvds damdnafater

AmeSxppsur e to a ton c sol uti usi n fluorescent
SRREPP St e St sopaek ffll foam ik ponchfionef gredium
is col@@l@b’ﬂ(ﬂnﬂ}(heo}ﬁcm@ eftirdckeAr %Bh@hﬁgocﬁﬁl%ﬁts stb@ &ﬂ@ﬁﬁﬁ&d to
insulin in response to glucose chall enge include

differsataly brgeeding w‘%@l&s@neﬁe@from@manmrmh@b@lﬁ seure to
demdds@ite ﬁfégzabé%ﬁlt?t’gg g‘gl%'f)[)% %%S?ng?gﬂa% t0 H&Al%?pl%guﬁﬂ %&'ﬂu‘l@cells.

Cc- pept | ant nt enance
In additighf the differintined celdd dre cdpableadiforgnipg wibifee paMATRIGHL e

indich B R O Rt W e BrrEh oF ot ial

bel ow, such as i mmunostaining wth antlbodies agai nst
[0066he brimiter elabodiimeat, t;ﬂemn&ﬁs indhéeinto idiffdrantiitebyogeddidg oLCt

EOM A S0 SRt i e Py SPisoe sl agpe Pogrogrodesion

and sBér8SANf iRRNARPSN Fﬁ@&s@'&h@ﬂgnﬁb! Hféé\:‘l‘egﬁ irﬁulYﬂ tt]L'ié:’dlfferentla’ced
generation of cells that enoty %

cells prgesppBties o\elpcoselenele awxﬁifceteém @auw in §h9cﬁfmcamt of insulin
secreféﬁ%'yrtﬁéjm%}ehu&%@ gells-mtldﬁghout a cyclic exposure to media of low and high

glucose concentration.

[0067] In another embodiment, stem cells induced to differentiate by seeding on
ECM extracted from osteoblasts demonstrate expression of osteocalcin indicative of

osteoblast function.

[0068]  The functionality of cells differentiated in the present methods may be

determined using available techniques, depending on the particular differentiated cell
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the present nmethods may be used to provide a useful
and rel atively inexpensive cell source for various
whr@vogeal applications including applicati onBCT/RGL®8/H00467
t herapeutics, tissue engineering, artificial organs,
bi hybrid i nplants, cell assays, drug screening and
ot her research and devel opnent efforts. [0071] It is
known in the art that bioartifcial devices can be used
typel @rop&{aﬁ@[@wfna?cateatﬁ@ﬁk' ol bRRY), /I étea:ﬂﬁ(gﬁg Qg de’ OM
| ost organ function (38- 39f Bloaftl I cal devices
detegnpping dlierepphtityhoflshe @iff@regaatsd cellsdo Uamﬂ,pbrtsmbr(b& agsaying for
f i Ql ogi and. artifi.cial. onent s
Ao R R 0O B it e e
marlfen puchiae ﬁalcélﬁOTBéhnEﬂleS td)ddtehﬁm[e thbl Bgiationad the Miffepdriated cells
; c&lls gd dlfferentlated ﬁg produced according to
O PIPiRee JnsUUR i resRANSR Hssipeass ripdlengs @&'&ﬂ? yssayipg fox spprgssion of
insuBO8ER Rposd lohisthald lﬁﬁ/YglLlFb%séJ&ﬁ‘l@eﬂtﬁtlgh %fn? dn ifidifih c- eptlde
devices 1n strategies to replace | ost organ functi
antibplyis t he present methods of culturing stemcells may
be perforned within a bioartificial device to provide
[ooeén f f iGRbhAEdr &&hff*ére ‘Jf?ﬁé%@e'ilg fcfltb%ﬁ%ﬁﬂ%ﬁ%ér%&m %cﬁl
functioni ng e organ s e treated
detelm}lmtdhs’ ¢)$1@]@dtpeﬁsooluaingdmndard memmloltgyhmdludimgsas desﬁnbed in the

e PR, S SR e DRl s

transE@fB)ﬁtﬂiﬁGﬁs@dmﬁMC(mcf 8/ vhdhiafgpro@hded b9ThEShRIOb@ AR down-
gﬁggt%h, be trea éed by the device. [0073] By

’fg“% 2 r?ﬁ%u%% S&nt  met hods of culturing stemcells
wi thin such a device, the resulting differentiated

[0070%! | sherpbesaﬁ mhSIRsls icBn enienilG lovaRrph veAL ge%&%uéi\ﬁ‘ bt &1Pelaf9
separated by blood circulation via artificial

phenpiyisAly il whstiosaly respabledifmentistpdrack ol dasiradipal type. Thus,
the pfé%brﬁ‘iﬁéﬂ‘fﬂ'ﬂs ngﬁieh@éd 1d 1 V\%?gi%!ll' aﬁﬁg‘%mlﬁﬂgﬁeﬁ&e el

possible tu ene

Sour@rfdlr Ydrione biol aglicat amlenm(ws Illhcéudnﬁg)@bh]:atiMS oneellekanpdusics,
stem cel |

resent.. tho d to.cul tur )

tisoul SEARICARE i NPT Ty R s P st G bt and
othelmiehrcﬁamawal@ﬁﬁ@deffém and in conditioned nmedi um

coIIected from human proxi mal tubule cells to provi de

'ff tlate cell.s that. are_ functiopa ar abl e
[°°7? Eﬂ h%?ft it OBl deviops éalbp%aﬁ%. t¢ pgifogm organ

functidhl bﬂ FatRES lsﬁffeﬂ%Vﬂr&ﬁ 1688 %rgah) @thcB6n (@95}98‘: Qfoalttﬂféal dev1ces
treatnent of | ost kidney Tfunction

includige Piphebridgreept afsramwrisched mﬂolmwn@rfbm dmesud wtifivol
comploh6ft {89 el 00T cah Bl SHBL Fblacs bl HRALACT rel at ed

rease ul ar I Ssue r or unc
di sorder relating to decreased cellular, tissue or

[0072} gaRu¢ taribeir fimctiefadity, stam eelldiasddidtsrenitinted cells produced

according to the present methods provide a readily obtainable source of cells that may be

—1

used in bioartificial devices in strategies to replace lost organ function. Thus the present
methods of culturing stem cells may be performed within a bioartificial device to provide
differentiated cells that are functionally comparable to functioning cells of the organ
sought to be treated by the bioartificial device. The method thus may comprise culturing

stem cells in a bioartificial device in conditioned medium collected from and on ECM
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which cells, tissue or an organ of a subject has
reduced or decreased function, inpaired function, or
wae@ody®bauncti onal or non-functional conpared POI/BGE08/000467
cells, tissue or organ of an individual wthout the
di sorder. [0076] Thus, stemcells cultured in
condi ti oned nedi um col |l ected fromand on ECM extracted
fron1ce||s of the cell type tissue or organ af fected
rder nd 4R to
extrdge 05y RERGBEE coR07 HERLLARL bR FRETEY BeRPLeS: %, e
ceII type ti ssue or organ affected in the dlsorder
[007r$ﬂ1y Ry pembhamgehb pmseammeﬂIbds: of cudtusingstam delig mthimsuch a

devuae ﬁ“ﬁé'FSél c{tgsre%téa[tedsce ng | g:g%lsle%@ gtgpoigf;wa(pg 18at1ons W%lle being

sepamesataf;tm&bd:mmaﬁeﬂ viCartisas iinendnbRatcal hiris bje@@ding fikE7]
The cells or_bioartificial device nmay be | ant ed

Immyag REFCEPHAGER RGP campitatipny wdmisk et ﬁe%srh%@ Opfigenesis
Whlcﬁ%iysoceﬁr\gﬁﬁlh&ﬁffg@ﬂu%@d 4omlgn ed at a sui table site in

he "subj ect to provide therapeutlc treatnment of the

di sorder related to lost cellular, tissue or organ
[007dinc tT ene exammple; Hetiresshimethids ppbe vseflite Peltureistomeellyithin

a blqglgﬁ:t:?zp ﬂﬁf(ﬁe aqg%eg[c@ gé z!tt%% glght‘ﬁgﬁ\g I%Qt?ﬂtc?e%t ﬁ(grg %c% n %o%?nl{oﬁéd.n

Ive anou nmeans an
medehf @dietteé fromt hlﬂcmq:g@amhﬁbwle rceligli® podvide dllﬁenﬁﬁetsé aells tha

chieve the d red result 0 tr at. th
sre el e By oGP o R SOl Al Sl ABs bt g it
assmt H!étﬁ&el 108y théMBe tifel Fbr MY FORMeAT 0fd84t |k$dn%9 fiRtigelm ni st er ed
Il vary, depen ing on several factors, including the

ooB L i TR R E R .

dlSOll-dQIOIZI%] subfagt, ﬁfé@hs%ﬁier E@é(te@ﬁ) @YeaSddUAGThr, BRMIE o?gan functlon.
disorder related to Iost cellular, tissue or of

A disardestrelatingie deerqasied icpldylan tissuprenergh funcben refest fad 91‘d31‘ in
whlc‘ill ?ﬁé’l G oF b gl%gé 8?%%1%8&1 th r%glg)c]e o gec%(a%g@ btl}élg Zm}?%ired

produce resent ne
functmsre at a@ dysfioh@mhaldridongunaioahl doﬁipateddo t'he&@]tlsj gissueldr organ of

. known that bioartificial tubule assist devices
wl“@ﬁﬂ&%ﬂﬁ@ﬁ eﬂﬁﬁﬁgﬂ tubul e cells can provide rena
reabsorptlon function to subjects with | ost or

[007i6fpaiThes steen@dlls umebd ancdndfiondmedibfitcotietttd fipfinaad ©@aECM
béﬁthe res thods may be used to tres 3 rena
extracterd frogpycl} Sé? EXPepPWF at rgas plipdediia thg qipprder, and

optidhafly BFFRRIntREE @ht& @éllssthétrhﬁ% fuﬁ[:t@orfall? ebhpRabIE Yo &91&%@ fRRLR
to proxinmal tubule cells and are provid in a

type.tfisoaa i o gagi adfected buthe digosdes magdeiimplanfed @84an ?ffmﬁee g@pb
into ?‘{ ggléjgcgqxzh%ye dpelﬂg Allch 31%% cng}pg%glse 0 8id 3t f?e?enl%%teld %ﬂs 52

1 SOr
required or into a bioartificial device used to treat the subject.

[0077]  The cells or bioartificial device may be implanted using standard surgical or
injection methods. The cells or device may be implanted at a suitable site in the subject
to provide therapeutic treatment of the disorder related to lost cellular, tissue or organ
function. Alternatively, the bioartificial device may be connected externally to the

subject.
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related to insulin deficiency. D abetes nellitus (DM
is a disease that can be caused by an absolute insulin
walejiwormecy due to the destruction of insulin BESELISIE00467
pancreatic cells (Type 1) or by a relative insulin
deficiency due to a conbi nati on of decreased insulin
sensitivity and inpaired function of insulin secreting
cells (Type 2) (20, 41). A potential treatnent for DM
[007'8; t Iﬁhr’c&% %?ﬁ{:ﬁ%n?cfun?*gs sgd ﬁé}%:m'rﬁ]e%}fé 51{] IHSL‘&Q lé&f: tRI@ at
throu transplantation of T msurin secret | I ng ce
dosagebland thuds dfhinecredcbssanyrio deldied thy désired pasels,efnt exmtpﬂm@streat
; treat i.nsylin deficienc dlsor er_such .as
the iPHte it Ellopaetuledcbiieat preh SRctaE cLpe ] el ik t
be admhiifGtdr@i 1] Yarg Q¥padaky ¢h %Qelﬁﬂﬁﬁtfo@salﬂcﬁldmg the severity and type
insuljn-secreting cells, Furthernore,

of thg dispidien kg modgio istsrtioayensdthe geg and h@aléls@frfbe R #réds
may be used in bioreactors, as part of a bioartificial

[007‘§TV' Ot $H5 Bt Paybeing Ahitikdt 'hﬁblﬁk aQﬁ“’s%Pcfe? ?e?at@& td 16§tté|ellﬁlar tissue
produci ng "devi Ce, t0 treat diSorders related

or Orgmﬁlmfrlprd@frﬁwemsreat{nw@q lopttcellirlat, tiganeap pr@uufmomnt hat
the cells produced by the present nethods when

[008‘?2?t Wg?fz 'aﬁiﬁg " 5o cdils ﬁ}dm?&it 98%1 9 éa{t%;‘etd'f‘odg ?Aa§tb%%sé(9t0 treat a

tlss e or o unction nay
subjextiwithiagtmal eedataa'h disoudr. riai:S| konwwithdt batatteficial ménﬂermnns’sdemces

thera i.es her and.surgery.. [0083] .
contiiRE BRTHA1 il tel i Dl B BB S R o S PeE i
lost @nm@mgan ehalfgddtion (3§ Bey. SI‘HeQ:eHB p@ﬂﬁfddgﬁ/hhé pllfeséhbh@ﬂfdkl@ ¢hay

I NCl udl n ClL1 nNni

nefi ci al desired results,

be uﬁeg Soiirpad 2 Tenahastated 4ot bGPV igtnechisrie a1 Craepepiaatechells that
are G R colﬁﬂ)tara%[eeto He8xibh b @E I andlth& YWeAirb@Be®Pin a

anel i oration of one or nore synptons or ‘conditions,
bioargifigahiubhlematistaleviest ent of di sorder or disease,

stabilization of the state of disease, prevention of

ve I
[OOSqE I'Igg g?ﬁ Oprg%ur gg ?9 gl%%g?sggta@éﬁg%s@a{/ﬁgcfﬂi e %]trgeft fdlsorders
relatell toonsidin deficicicye d¥iebatesogel s (DN) idediagase thasd:amhertguml by
rder. oy .di sease onse ratj.on or.
on R PSP s -l o R st B P S L
(Typé Wheit tied refeaive idhli® deficdérrl due told eahbifgioncTdeabsed ﬁﬁaﬁn
rol on |ng survival of a subject beyond that expect

sensiigity g Ggton pinpierecroting ede Chype 204¢0- 41 oAﬂ?ez?ﬁﬂal
treatm&ttlfpﬂ mm tﬁél%stefaaeﬁ %ﬁﬁifﬁ&eﬁﬁnﬁihﬁ%&%ﬁ&( thehpRase,

s| ow ng t he pr ogr essi on of disordér or disease
transplenigbemes llnwhnaﬂecﬂqbnggwlw]é diha$ theabllyproduceil F@V(ﬂhwssent

' [ or
mert 8} P Bl L ARHERALET Bond Ryt ATRAEY R b s win
differextagpd céllsehiat laye fivaytiomblly h@nﬁ@hﬂlew gcrRand inﬁmltrsﬂ:cretmg cells.
Furth%l)*(l%&re),l tﬁg differentiated cells produced by the present methods may be used in

bioreactors, as part of a bioartificial device such as a bioartificial pancreas or insulin

producing device, to treat disorders related to insulin deficiency.

[0082] It will be appreciated that the cells produced by the present methods when
administered for treatment of disorders related to lost cellular, tissue or organ function

may be administered in combination with other treatments or therapies, including drug
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EXAMPLES [ 0085] Materials and Methods [0086] Cell
Cul ture [0087] Bone marrow nesenchymal stem cells:
wW@eove/0n@pe ow nesenchymal stem cells were commePCi/aGiops/000467
obtai ned from Lonza Inc. (Cat. #PT-2501), and cul tured
in mesenchymal stemcell growth nmedium (MSCGM Cat.
#PT3001). [0088] MEF cells and hES cells (hESCs):
HUES-7 cell line (obtained from Howard Hughes Medi cal
th Institurte USA) was cultured at 37C with 5% CO2 on
ergpg SR &Y &P esi st ant primary nouse fibrobl asts (Cat.
#PMEF- N, CHEM CON International, USA) in Knock-out
[0083]] beTeating nodisbrdedreBsgl te Tast padlilantissBMENrgdrCametion refers to

#10829018, .Invitraqgen, USA) . and supplenented, wth 20%
on g DR P T bh SRess R iRty
Bendffd {Pobi &TBX clirfidd] restiBSOR0AELde, bvirt hodefited 1o, lleviHon or

non- essential am no acidsolutjon (Cat. #11140-050

ameligretiony e or W SYTIRIBRA CFItioRs. SHPBIbEIRY T Px{aahe! disorder
o 3RO PR 0L B 148 PO o
disedsapirtventjemof spBAN cddoBlet 66 disdast, delar ot slowing dfalirokdef Gat .

. #21985023 vi trogen A) . The.primary nouyse ..
diseqsp prgnraah-<defiaraio¥ing of Grtiet Sirehse Toick FepFarion s
palliu\ﬂri]drfbelael%&ﬂér&gidﬁheésgi séma,alnw&?ﬁt i(sjsichm@v}f?eﬂifB pﬁxﬁamdi%ﬂﬁm was
changed every day, and cul tured for  7- ays. e
“Tregneican slse sean PrUEMETT I 8 HNER DYl &6 PBeqikn the
abseﬁ%&&%&gn‘Tﬁgﬁ > S rﬁ@:atnpnﬂigiti'ﬂg hd pr@éregéll:c_g: of dﬂgﬁder or

cultured on"the fibroblasts were trypsinize

diseqs@, DBving thegepgressiandfidispnden or dspgse temnozgsdn, althpegh more

filtered thr h 100-_ 1mm udhe Tl | |
prefiga SVl EH M o bihag b P s i U EE oy,
CGermany) coated (diluted 1:20 in Knock-out DVEM
[0084])] t UFhe pidsastknetboisairafuniecamomiptifieh byl wag df theféllaonmy/keis-
I .U&on epé ansion, the cells were used in the
ottgi EXENREY i at i on protocol described bel ow. [0089] Human
proxi mal tubule cells (HPTCs) : Primary HPTCs were
EXAMPIES conmercially fromLonza (Cat #CC 2553), and
cultured with renal epithelial growth nmedi um (REGM

[0088t WNehtedihRCindl¥edmls The cul ture medi um was changed
every ot her day. The conditioned nedi umwas col | ected,

filtered, and used for the differentiation process.
[0086]  Cell Culture
[0087] Bone marrow mesenchymal stem cells: Bone marrow mesenchymal stem
cells were commercially obtained from Lonza Inc. (Cat. #PT-2501), and cultured in
mesenchymal stem cell growth medium (MSCGM, Cat. #PT3001).

[0088] MEF cells and hES cells (hESCs): HUES-7 cell line (obtained from Howard
Hughes Medical Institute, USA) was cultured at 37°C with 5% CO, on neomycin-
resistant priméry mouse fibroblasts (Cat. #PMEF-N, CHEMICON International, USA) in
Knock-out Dulbecco's modified Eagle's medium (DMEM) (Cat. #10829018, Invitrogen,
USA) and supplemented with 20% serum replacement (Cat. #10828028, Invitrogen,
USA), 1% Glutamax (Cat. #35050061, Invitrogen, USA), 1% non-essential amino acid
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[0090] Rat insulin-secreting cells (RINSF): A cell
line fromrat pancreatic beta cell was obtained from
WAT0Q0(lad #CRL- 2058). The cells were cul t ur edPCTISG2008/000467
RPM - 1640 nedi um containing 2 mM of L-glutamne, 1.5
g/ L of sodium bicarbonate, 4.5 g/L of glucose, 101M of
HEPES, 1.0 nmM of sodi um pyruvate, | TS suppl enent
(insulin, transferrin and sodi um sel eni un) and 10% of

f et i .
st bR TRRL, ThoA e R BOp Ste ar
#150&0@%3etﬂ1ﬁdw%ethSA& 10rm%1fngbra>ffob{/iherﬁbrcajmt tbgmdh daz:torl (bFGF, Cat.

condal ti one meal u use osteo as .
HI3SHR0De HUNISEH) aESAY e%fa[d 8 3‘9@ ?(Nﬁmv@ermto Lb@% 985023,

{VEM a T75 flask
0 GSBF DBl Sty S pabiod T

coatexi wiw 0F1% celatim(Bigmay AS&). The crisee umdasm Vtaﬁaahwf RyETsyday,
ot | |

o QAR P SRR RN R P S

and waé f¢r$hﬁsmsa®bnfgrvﬁth 10/ mé Iof BFGR. Tig: KES(aEuittued tootthd fibiNBlasts

i sol at i L from Si gma #RTN7Q)
werey PPN D P JPEDESh UStHos GO o Rt Lo i po-
um Besi@NYhd @iﬁt@f@dcc%%n@ﬁﬁké@bhoﬂ MIXTRIGHO®M] i (BD VBibtiences,
Rnase free Dnase enzyne. The RNA was further reverse

Germanyh seqetade ddiluied hmnumksubePWMbtcume Eler qptaining
cond&ﬁo%@&" C]%u'e&h S Groaf! VIR, ( nk"[jb\é _%gﬁh% on. U@ ceﬁ?ew eqkdd Gn the
erest was anplifi using a vant age
d1ffe&npa:ﬂ1<mmo@sel descriped b¢IBD. Bi osci ences USA). [0094]
Di fferentiationprot ocol [ 0095] ECM was extracted from

I tyred comﬂ 1t nop :
toosbt . 2 RlnE PR T Culifl s (ARIEH "R RES e obtaned
commyiallg fabrhL.dhzZCan#HOC+2558 ) yaad cxnltdeed with e&naﬂ: enipphatiak growth

lysi cul tu re,washed twice with PBS, and
medirotRicarh SabkCe BBl T ol SRASE et o g vy Other
day. CORME JntRRn6E bledium Bas &Bl1bded\IR e, [8WREed €or the differentiation

differentiate for at |east 5-7 days in the presence of

processndi ti oned nmedi a. [0096] | mmunostai ni ng andfl ow
cytonmetry [0097] | nmunostai ning: For inmunost ai ni ng,

[009'_0? % Qiat(i ﬂflilnlfk%&tetl‘ﬁgmk ﬁ@i\%ligr KW %ie %Yrﬁfat phrlcRsuti8 Beka cell

par af or Fi xed cells were
was |0htamcét EomvhTECaSjat c#@&lai% 8pr Theacellsametebediprgdnin REMI-1640

med i’ %c?nr%girenn%f2 ?nf/l %V]i nﬁxltas’n%m%I m. gl gpﬂ rgfrkogli%%_\inc%oé&e, 4.5 g/L of

glucose, 10mM of HEPES, 1.0 mM of sodium pyruvate, ITS supplement (insulin,

transferrin and sodium selenium) and 10% of fetal bovine serum (PBS). The medium was
changed every other day. The medium collected from RINSF cells was filtered with 0.2-

micron filter, and used as conditioned medium.

[0091] Mouse osteoblast cells: Mouse osteoblast cell line (MC3T3-El) was obtained
from ATCC (Cat #CRL-2594), and cultured in DMEM supplemented with 10% of PBS,
2 mM of L-glutamine and 1 mM of sodium pyruvate. The medium was changed every

other day, and collected as conditioned medium.

[0092] RNA isolation and two-step RT-PCR.
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overni ght. Upon washing wth phosphate-buffered saline

(PBS) containing 1% of Triton X-100, the cells were
wo p@ulozoed Wt h conpl enentary secondary anti boPgT/SG2008/000467

(fluorescentl abel ed) for 2 h. The cover slips were

t hen nounted and observed under |aser confocal

m croscope. [0098] Flow cytonetry: About 1 mllion

cells were suspended in 1 m of ice-cold PBS

[009\%1’“ Cuml B lxg«%ocvaf%laté’a %hea%fenéo %ng F?%%ﬁhé &6tal RNA

thert orescein | s i'0cyanat
isolatituo @& nfrome Sigsa éC0atedRTHAO) idverdied tosthmnmulfamwaat @dtocalr The

at 40 The cell.s e washed. 3. tines at
voral Ay i Ciedlit AE Fibb eCurtic BER CoRRRIHIRG Y9 G P& bR gase
free TRIabS IWEHZOmMEE TUS PRINAE Grab TukhdH reQbrsé GRNSRIEd RB® cDNA using
contai ning 10% of PBS. The sanple was anal yzed with a

SupeESsRm HI Feyesce ragsarinfage gpaymer (IpBoging 463 h dds, specific gene of
e AB3RL4 BTl G SSaEE SRR 5l (550 o,

USAponol ayer on tissue culture plates at |east 24 h prior
to the assay. The cells were washed with PBS (w t hout

| Ci an ne salts) 3 times for 1 nmin each.
[009%?: I}elﬁgfwnga}m’gqm?o&elc}] wi th cal cei nAM (I nvitrogen, USA)

(1.6 mMMfinal) in PBS for 10 mn. They were washed
[00951'|t h BRBS Bast extestetiofrod enltoredacdmmitivd eedls) mcluding HAGedrat

under .a fl.uorescent Cl.0 caner a.
sl P A S0 Ol Ao AU AT e S IHVEAmpOm By groride
AfteNedshplete 1yxa§ &rulmreTpms m&sezas}{mqeu&evwﬁ Pmkaﬂd atemAbells were

interval_of 10 sec for 10 tapor ph software

seedqdprte tia BrMpaiditydle eanmlt@A cekBA“)he\%lés W allpwediodiffewntiate
for aI1|3§‘st%|Wy@%?ﬁ%?esbﬁ&%@%bﬁcﬁﬁo&e@%ﬁ c- Peptide assay

i nsuli n measurenent:  ucose-dependent insulin
say was used to check the functional potency of the
[009§1ffe@@ﬁwﬂé‘t‘é@!’igéﬂﬂﬂowm@'wgfay was performed on the
basi c principle of sandwi ch ELI SA. The c pepti de ELISA

[009'}*!1t mlﬁﬁﬁﬁkﬁlﬁg Fé@%r@%ﬁu@lé‘%@% bf % f]celféoé}gpa grown

e nmedi um was col I ected and anal zed
on cevireﬁide@nds é'le&pdetmdn par-%cf@nna&@hyojml Flaed wdlhszwew infubated with

oo SRR A S8k 581 SRR o]
ovenﬁngIOE‘mee wiashiag Immh/ @bm&%ﬁ&mﬁmhﬁawm dobtaididg % ofITriton
X—lOBe l'q[e 02 e %%Late(? rwelt?lt clzo?rtlp eﬂplc[,notllrlyf seecrz(?rfdalpynalgubo‘c]l}tr I%t?uorescen’c—
labeled) for 2 h. The cover slips were then mounted and observed under laser confocal

microscope.

[0098] * Flow cytometry: About 1 million cells were suspended in 1 ml of ice-cold
PBS containing 10% of PBS. Primary antibodies labelled with either fluorescein
isothiocyanate (FITC) or rhodamine was added, and the cells were incubated for 30 min
at 4°C. The cells were washed 3 times at 400g for 5 min with ice-cold PBS containing
10% of PBS. The cells were resuspended in 1 ml of ice-cold PBS containing 10% of
PBS. The sample was analyzed with a LSR IT 3-Laser FACS Analyzer (BD Biosciences,
USA).
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[00103] ECM was extracted from cul tured MEFs by |ysing
with 0.02 ammoni um hydroxi de. After conplete |lysis,

waemwormpl ates were washed twi ce with PBS. hBEECT/EGL©8/000467
grown on a MEF feeder |ayer were trypsinized and
seeded onto the ECM |l aid by the MEFs. The hES cells
were cultured for 10-15 days and then subcultured onto
ECM | aid by MEFs. The hES cells were allowed to

ol i for at least 5-7 days in the presence of
[00d¥1 L ABleb furt B [00104] Results [00105]

Differentiation of hESCs into proximal tubule cells:
[001093 ECVWGiterhtramspopt assayrasing eilgbia: Celld werglcoltwad il mmopolayer

mwas used in t di rentiation of hES i nto i
on eS8 HAGE aies At o RIrEiohu leCiedt, PRRSITR itk SRR AT bs
(witleit ichielundhndoag ghestiid salts) BEBMs ffr 11min eahl Thavictlls were loaded
i]tered conditioned nedi cells were allowed t

L fi dium The 0
with eicpiaAdh (naioess Uy Ay faall 1 RESrenil & miekhey were washed
with(rij}g SRhRDEH AT acRI TR cdli@¥verd HEagRll l‘?t_ﬂaésasﬂﬁd}escent microscope

ifferentiation was observed under |1 ght m croscope
with(GGT9 wemerd) Thamddinonmwesoshadgdsl togelep otougy sdutiann(040684 gENsCl in

Frgure 2A.and 2B). .Vari mar ker L th .
watchl e Sk RS S e U SFBRAERT 40 e e 0etgin. Metamorph
softvpdre ivedaiulse | Yevilies | Og, 02 UEAJ erasnisedttb anesarc thd, flvdiedcence
.. the stemcell markers (Cct3/4 and Nanog) decreased
mten§it¥dual 1y in expression. Specific genes such as Pax2

and AQPl were expressed in the differentiated hESCs,

[00fi0gii cat ¢-Pepfidie afa®XfolEinsilitb e sieaiaty Beuddbe-i&REGent insulin
Functi onal assa¥s were perfornmed to test the

cells. h
assay Wige tpedriacheck the fungieusl apepeyr elnthe diflgentiatod; csls: Fhgisstay was
perf(g'ﬁlehson &e%‘éf‘c%ﬁﬂcﬁﬂ@ RP' danAFRAYEIMBA. %%L(g{)sgﬁftaie ULISA kit was

denonstrate t hat t'hese cells have the al to
obtained fiwpoAlphadRiegndstioniGanst46). tIheonedinmevasi ¢oblecthd ahd hpalyzed
AQPI. . pr in. n _the | cei n-J.oaded cel.l s r
o, soeRp PSR ERIAT odlf SRR T BRRR AR it e
exposed ®@ra high @hichs: emilctsraiiva 3PaN etbr tilie folddvesi by haetpokare to a

the outside of the cells. The cells lost their
:b“’gpﬂﬁFég%Eﬂ?@KPﬁggﬁg?gy1§hring this process. Therefore,
calcein intensity was indirectly proportional to the

[00102] et UnigRRntiaRiliprslifentivn of NESIcRllensi ty at various
time points was plotted in FIgure 3A. Human proxi nmal

ul e s, which served as sjtjve contraol, took
footg4js! 5o§§1gcvv%e7fta§@d5fm SrIRd Nl s q&;@ﬁ% by amppprium
hydr6 80034 KGWmpIdE IS tenabllaledelER ted 8oidé 80 PBYHEPEkIs

sec to | oose 50% of the calcein intensity (Figure 3A).

grownueiup MEB dpadier dayen wernTrpsaeeqd myd geeieripeiodBy BAY laiddhy the
ngg?gﬁﬂ?%?&%sgxgerg Qéfl‘ulje& ?ordi d— { § ﬁ%ﬂt a'nattﬁ& &%&ﬁ&r@cf‘x&o tEQﬁ\/I laid

by MEFs. The hES cells were allowed to proliferate for at least 5-7 days in the presence

of conditioned media.
[00104] Results

[00105] Differentiation of hESCs into proximal tubule cells: The ECM of
human proximal tubule cells (Lonza, Inc.) was used in the differentiation of hESCs into

proximal tubule cells. The cells were cultured in the renal epithelial basal medium
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form ki dney tubules in the presence of the appropriate

ECM I nmunostaining with specific anti bodi es such as
woe@alor299q Fi gure 4A), AQPlI (Figure 4B) and PaxPCT/5GZ0s/e00467

4C) showed positive staining, indicating that the

differentiated cells expressed these proteins. [00106]

Differentiation of hESCs and hvMs cells (hMSCs) into

i nsul i nproducing cells: The ECM fromthe rat

(REBMS Wt | 1 a6l ugikn gileRld! SordRIVREY S 88e f@l1s thSe all
differentiation of stemcells. Iﬁ%%%s and hMSCs &élo“wdto

differatigie doin Hi dasshandrtionmediven din$ feplaished ey DﬂIBD dayn ik iprogress
in d1ﬁ'él‘89ﬁ‘£ioﬂg7va(§ eolbgﬁi‘vé’& &rﬁelt ' C al 8b%e({?§ t(ﬁl%h%’ %rgteo&d%y gene

expression analysis in T
expression mlélyﬂsﬁFlgmd 2BCxd 2B )y g&heds latkedd flof eeatiffe@hiiNed Ploximal
t he,,stem c ession . of jnsulin, Pax4, QG ut?2

bl NS S gl G TREenStoBAR BERics AP dhe stem cell

marl@fsl (@ue3)4 tafd Nainb©r ®Rdtdadddeglaudilyein ?&ggﬁfg SSi{eﬁliit@ rg‘\%g%sgﬁféh as

E&E%ﬁ})ures 5A and B) hellst

Pax2 gwer@ KBSl msthg hbfx‘mentwtai bEBEs, 51@d1catmg the proximal
| a S sh

tubullen'ﬁh%%%&)@ Bl Ny E%‘ bx?afl Q&shf | 37{! ere % ecé Ftiog lost the

positive staining eren
ﬁmctg)naht}ymfhtheser@ﬂbnentmect)pmxurdd abtleletly /Alvaterdeingsdresssay was
e ceIIs i mges reveal ed a

ni ficati
pertof 384 bl e e B eGP o b e pomieside
to ouastide Wil yhe(HEhg@ff RQPOrotsl Whhen ‘El@ rcﬁi&&h—l%d%ﬁ REMIwlel R posed to
G ut.2 tlbo showed ty Flcal | asma nmenbr ane
a hypofonie jsolutipry mﬂ‘@e B ogmiptic [tes gk theqeells danspoyted Hee calcein

back gcéltth@ o@kidE g the %éﬂs‘ FI‘h rcgﬁfj F(Bs@ gl?:ei Cg{lérvg%crénééq tensma dun{l% this

fferentiated pool or ne
procegp ebrerefercantlr¢in dytenmo&samlw@bs propdrtmaaletcd thbatater Bofport

0 cells were attain
ity 6 eaflh dindEe Sy, BEEE, SR bl uman
proxiifipl tubhlesells ivflicr erited ats aqboslalvé Sont, doclnakyzeded R 10t 180% of
r.es onS|ven Ss towards_ i lin secretion upo | ucose
Rt i

the calpei MIFRRLY- BheQmRarseh the ditfesentiafedon B es teamien wi3-100 sec to
looseO81B6 lof @He AblcEih @RnsiyN (FiguﬂéxﬁQ)s l‘i"u%ufeofo?inm WMATR&@ELTM

| ucose concentratl on whi ch renal ned
(Flguéea§%} ¥ee alsgtan igdisation ﬂrret ﬁm chffsrepmtg@ ﬂlESGA)han/\&lealeSmtlal to
form %&Vﬁ%lgp% thdl §¥egérfc%e<§fe EE%: ﬁ)t §9pr1 Eﬁl\@e glgcgs alnmg with

cyc I C exposure W an
Speclﬁ@amé)ndmasuonhras Mé@ahn (Bigperdsi)y AQPE Figas 4B ami BaPe@iduds 4C)

show @ e Bt AL P i sel amprees ese protel.

ost eobl asts was used to differentiate the hMSCs into
[001Qﬁ] ost mﬁémﬁﬁaﬁhenﬁ‘t WESCsSufid BN cell$ f MBISON)i it Ofhsalin-

produlie cellsl bie BRM B S5e Attt wimnoeinE ol RAVD was used for the
differ@f1a86€ JfCten 26H1Is PAEYCs Rhd PRlises axlvé{r%' ScaPVRe H‘EeECM and

expressi on of
differentiated into insulin producing cells with typical beta cell phenotype. Gene

expression analysis indicated that the presence of serum (10%) and ECM triggered the
differentiation of the stem cells. The expression of insulin, Pax4, Glut2 and CK18 were
detected when the stem cells were allowed to differentiate in the presence of serum and
ECM (Figures 5A and B). The list of genes that were positively detected is shown in

Figure 5C. Immunostaining with specific antibodies showed positive staining for the

22



ost eobl ast-specif ¢ marker genes such as type |
col | agen, osteocalcin, and Cbfal (Figure 9A).
whrommdp@i ni ng with osteocal cin anti body showedI/SG2008/000467
positive staining, indicating the expression of
osteocalcin (Figure 9C). Differentiated and
undi fferentiated cells were al so viewed using |ight
m croscopy (Figure 9B). [00108] hESCs cul tured on
if ' . ; 3 |_ 1 r i .
AitelRaS <P CiRrER) REEP nclly RBBlike KohidRy S QKRRIS positive
cellsf Highehmagnification iofeg¢sESTnlednESPicalvesoeetayegtadlartaninp dor the

el BB R YIS oD 545 0 S 505

typicelCMasthd eneptiriiie Mealzagém(Figde WH) hinSér@en eidentirtk@katio of the
taining wwth Oct3/4 showed

. _anti hod t3/4). lnm
msul?q?ﬁoﬁ@g%g bl 18%1_6% égf_éer%gﬁ% PREJse! edisohiES i RgeoEmadyvith c-
peptid® QatikbAly. AlebidaGals iffRaBd thapat $6% ARRsLE g%“ g%&&élﬁ%ere

in this specification are herein incorpor
attainedf &rethee ddfsrentiated chViShdi add hESCpudspedivilyn (igumeaf e nThese
. ' i I | fcal and_individual | .

i B R PAR G B R esloB el Bl scortion upon
glucask t dallengeofSatumationubf icqepiidn séetiodr wiat obdérseéd @fuf 60 min of
rior to.,the filing date and shoul d not pe construed
expofige _ﬁha HafiELp ohieh ﬁ%f%@rf@nﬁné%?ﬂ &O_rf%a(ﬁ)t ngﬁl_l Femipid saturated
at latefitnb lpBEltd Fighé @ARIWe 3146 RbRIRALI BaY the if¥entialel Y8119 esponded

prior invention. [001 10] Concentrations given in this
to cyglifeexpopwrgof @frﬁdlwvgﬁ\’vgqndél#gh gluease weneshirpiéoms e Hheageponsiveness

i : ' gt wei ght/vol une (w'v) and
.Wm”%%%%#% &%ﬁ%neg{%?%?gég%%éﬁ%ages. [001 11] As used in

this specification and the appended clains, the
[00187hgul Riffergntiation” of " AMSGsndntot hasteobkusts dECM uisalated from

I I . clearl hClates
osteobBpE AR ed R ARGk SRINBCHBITH ool Bieiipme Successhl
differpiieivded hdISOsinto dskedblastk Was COMRTcd DS 'gene 6QTENsioni analysis and
. "conprises! and other fo of these terns are .
1mm‘fnr‘?§t_3ﬁb‘é€d‘”fth Oﬂ‘?aéﬂiﬁmaflﬁm 'Y%Tr%%lﬁ Friyes sheed therpgpresgon of
osteobRist-dpetifiel endRdrt deel Rich a8 &Ypelite B OB B8 o cif CHR AW Figure
mnthout,exclqdlgg anéﬁgther el emeént or conponent.
94A). bppgsesiaiRing et ettenspiginsantiapdy shootedinoaitive staindeg, dndipdting the
A . ; . n
oD R EaloRl Gt HE I RAE) P A AR RETRS W also
vieweghisolg light miérnscepy (Bipude®Bdngs. [001 12] Al though the
foregoing i nventi on has been described in sone detai

oo, 85| YR AW CHERRL S RUGBPSE°Bbiy
embryonic stem cell culture, MEF's ECM was used as a substrate for the culture of
hESCs. hESCs were seeded onto the MEF's ECM, and cultured for 10-15 days. The cells
were subcultured onto MEF's ECM. Upon 2 passages on MEF's ECM, the cells were
stained with stem cell marker antibody (Oct3/4). Immunostaining with Oct3/4 showed the

positive expression in hESC colonies (Figure 10).

[00109] All publications and patent applications cited in this specification are

herein incorporated by reference as if each individual publication or patent application
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apparent to those of ordinary skill in the art in
light of the teachings of this invention that certain

webaageand nodi ficati ons may be nmade t her et oP@I/86GZ08/000467
departing fromthe spirit or scope of the appended
clainms. References 1. Singec, |; Jandial, R Crain, A
Ni kkhah, G Snyder, EY (2007) The | eadi ng edge of stem
cell therapeutics. Annual Reviews in Medicine 58:

Wer@%@mﬁéﬁlﬁuﬁg rllllx:dé q{léh nlpgl%tfmfoxjégﬁateﬁ%? @%ﬁeﬂce Fhe citation

of arm Hnbhaattloo nsfoa e drsgkpslre $t1malbetlga ﬁhng Reparotkhotidwet be construed
medi c 13:..581-5

o s S e PR PBTE LB TR SR Rl b pUIRic by

virtude¥ ti@fnestiah. bi ol ogy and cell therapy. Physiol ogica
Revi evvs 85 635-678. 4. Barry FP; Murphy, JM (2004)
en stemcells Rl app] i cati ons and
(o pihed ogi SRR Bl BRER S RociF P RET oA BOTRIAE of
perc&itel aMludNWeitR kei ?‘n‘f{lov/w)'3 Qei2®RoRAf (5«/v) Fainll vBR&E kol ifs
et al. (2007) "Regul ati on of tcardi onmyocyte
(v/V)dherqeateest i ati on of erbr yoni c stemcells by
extracel lular signaling. Cell and Ml Life Sciences

[001@4; 704A; &sasd 11E13 th1§’ %}'&Cl\fychtlftm dad tﬁ@nﬁp@'ﬁ%&i DNk, HEBnEQR: forms

'e of bone enet1’c proteins
“@”, ‘g @nd dnhaélndluﬁﬁ @hledtrefatqngmunl&rthh @mm;«t uleamly feseandierwise.

As u?e‘hsnl}l%lus spieg 1cat10n %hth? %p&en(gedc c?%lmg,nfﬁj ae a}na%bsgl oprent
“coannsrmgur‘abmﬁﬁ&m ﬁlﬁi étﬁeﬁbﬂnp@ﬂlﬁ&ltéﬁsﬁrd iihtdnﬁ@i @mahé hal-
limitRervqus_ s sterH%J Neuro ci ence Rese h 83: 1-6. 8.
L ARGBTYS SRR% thab it iPels Rathewlar recate 5 IsggicgmRgnents

with@RENOMLE alf @tﬁbﬁﬁérhélt ‘%)9 Wathplshed, TiAEQichAld QRerwk&SHONS
from nol ecul ar enbr ogy. Current Qpinion in Genetics

technypr apsbecaanpifigderms vee lmgnhme the sarge megningy/Ay cammmenly
unde(”s%(%?iqz) P&ﬁ{}z\égpglﬂﬁﬁletﬂé G ltA whﬁh %E in nt nt beﬁo m%ﬁ i ance.

rTyocar tion 1 nproves ocar
Am J PhyS| ol ogy Heart and G rcuI atory PhyS| ol ogy 290:
[001A2] 06- HRlPB®gh tiB: fopgping inGEfioRbastEek desctibedalzome detull by

R
v O T 08 LRI WP AT
appaﬁeﬁt toltl{oké-of Zﬂﬁnar}'l §k111|uat1@&u't ilight ofahe tebcHIfMs)of this invention that

ni stered senchy cel | s, enhance recover
certain crﬂanges mod[fE ations ma e ma(‘fen}lereto without departing from theysplnt

or scope of the appended claims.
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6. The nmethod according to claim4 wherein the support
cells are pancreatic insulinsecreting cells. 7. The

woredobotaccor ding to cl ai m4 wherei n the suppopPtT/86L008/000467
are osteoblasts. 8. The nmethod according to claim1 or
claim2 wherein the support cells provide conditioned
medi um and extracel lular matrix that maintain the stem
cell in an undifferentiated state and said cul turing
conprises proliferation of the stemcell wthout

WHAT FSeCEATMVERD 88:. 9. The nmet hod according to claim8
wherein the support cells are nouse enbryonic

1 fig{OQL%fts' 10. The .met hod according to any one of
© ol 2iTHEPQY AR UHE A stemy eoth anerpragellulsy matis gxdigFied from

suppditeBlleald in Alstedn PRBAMGRY B iR tS ﬁ%'n% rriettiu TF&dﬁ%@ﬁg the
according to claim 10 wherein the stem ce 'S a human
suppetisEloni ¢ stem cel |. 12. The method according to clai m

10 wherein the stemcell is a human nesenchynmal stem
2. Ceélrhe mdfhod I0&rdRL RPHaidE £ Ol DGl nEhALME ol
to 12 wherein t hée stem c%Eﬂeﬁ%a%ﬁit?ﬁ%eelgcﬁﬁu?%mteflwé free

fromcthe suppertsEdt e or culture flask. 14. The net hod
according to any one of clains 3 to 7 wherein the stem

3. Célje 4 foart.ifeial deyice. 15. The

. netﬁggaggggéﬁﬁﬁggkgﬂc a%%&%%nﬁzg%g?ﬁr¥ﬁ§m%péé?p??ecia

diffehatipteéd is a bioartifcial tubule assist device and the
support cells are human proxi mal tubule cells. 16. The

0 rdi 0.,any, one of cl ai ns to 15 wherein
- TRERRelSE Rl | L BRGPbe et s nproagioksabule
cells{pahereatioinad dectebingc €W, ¥stedbRAIsUAME SR HHSQQI@Q cBlYs, h8fitocytes

S rt cells. 17. A population of cells
Ormﬂ#ﬁggrentiated from a popul ation of stemcells on
extracel lular matri x extracted from support cells and
5. i e méthed SRbldistHot dif IRBHREONRHbS | | imal
b coqgitioned by %%L support ceIIs#ﬁﬁggkggﬁﬂgg%ﬁglg%ég%ﬁ
tubulg6elfs- of the cells are differentiated. 18. The
popul ation of cells according to claim 17 when

6. PrERAINERPECOFEIG dfmid\Cherein the support cells are pancreatic insulin-

secreting cells.

7. The method according to claim 4 wherein the support cells are osteoblasts.

8. The method according to claim 1 or claim 2 wherein the support cells provide
conditioned medium and extracellular matrix that maintain the stem cell in an
undifferentiated state and said culturing comprises proliferation of the stem cell without

differentiation.

9. The method according to claim 8 wherein the support cells are mouse embryonic

fibroblasts.

10. The method according to any one of claims 1 to 9 wherein the stem cell is an

embryonic stem cell or a mesenchymal stem cell.
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met hod of any one of clainms 3 to 7, 14 and 15. 19. The

popul ation of cells according to claim17 or 18 .
woL@we72996 he popul ation of stens cells is a popCl/aG2008/000467

of human nesenchymal stemcells and the support cells

are pancreatic beta cells, wherein about 30% or nore

of the cells express insulin c-peptide. 20. The
popul ation of cells according to claim17 or 18

11. whEhemethol ecqoditl &f ¢19th 0f whSHERLSE kel s ARRARILANL 9
of ~human enbryonic stemcells and the support cell5
stemgell. hancreatic beta cells, wherein about 30% or more

of the cells express insulin c-peptide.
12. The method according to claim 10 wherein the stem cell is a human mesenchymal

stem cell.

13. The method according to any one of claims 1 to 12 wherein the stem cell is

cultured in a tissue culture plate or culture flask.

14. The method according to any one of claims 3 to 7 wherein the stem cell is

cultured in a bioartificial device.

15. The method according to claim 14 wherein the bioartificial device is a bioartificial

tubule assist device and the support cells are human proximal tubule cells.

16.  The method according to any one of claims 1 to 15 wherein the stem cell culture
medium comprises about 45 % (v/v) to about 55 % (v/v) medium conditioned by the

support cells.

17. A population of cells differentiated from a population of stem cells on
extracellular matrix extracted from support cells and in a stem cell culture medinm
comprising medium conditioned by the support cells, wherein about 30% or more of the

cells are differentiated.

18.  The population of cells according to claim 17 when prepared according to the

method of any one of claims 3 to 7, 14 and 15.

19. The population of cells according to claim 17 or 18 wherein the population of
stems cells is a population of human mesenchymal stem cells and the support cells are

pancreatic beta cells, wherein about 30% or more of the cells express insulin c-peptide.

20.  The population of cells according to claim 17 or 18 wherein the population of
stems cells is a population of human embryonic stem cells and the support cells are

pancreatic beta cells, wherein about 30% or more of the cells express insulin c-peptide.
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