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popul ation of differentiated functional cells remains a chall enge.
[0003] A major obstacle for various approaches in regenerative medicine aimed at

replacmg lost organ functions is the shortage of available cell sources. The availability of
such approaches is often limited by the shortage of donor tissue. Stem cells, including
embryonic or bone marrow derived mesenchymal stem cells, are a potential cell source
for regenerative medicine (1-4). 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 ce]i found in the organism from which they are derived (17, 18).
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.




[ 0005] To date, differentiation of stemcells in vitro has generally
been Iimted to reliance on non-directed cell differentiation or
inefficient methods for inducing differentiation that require the
addition of various growh factors and supplenents to the cell
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extracellular matrix (ECM) extracted from cells to provide conditions that induce
directed differentiation into cells functionally comparable to the cells from which the
ECM was extracted.

[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 ;:ell 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.



[0010] I n one aspect, there is provided a nmethod conprising culturing
a stemcell on extracellular matrix extracted from support cells and
in a stemcell culture medium conprising nmediumconditioned by the
support cells. [0011] In one enbodinment, the stemcell culture nedium
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culturing comprises proliferation of the stem cell without differentiation. The support

cells may be for ekample mouse embryonic fibroblasts.

[0014] In different embodiments of the present method, the stem cell may be for
example an embryonic stem cell, a mesenchymal stem cell, a human embryonic stem cell

or a human mesenchymal stem cell.

[0015] In one embodiment, the stem cell is cultured in a tissue culture plate or culture
flask.

[6016] In another embodiment, 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 medinm comprising medium conditioned by the support cells, wherein about




[0017] In one enbodi nent the stemcell culture nmedium conprises about
45 % (v/v) to about 55 % (v/v) medium conditioned by the support
cells. [0018]1In another aspect, there is providecta popul ati on of
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or more of the cells express insulin c-peptide.

[0022]  Other aspects and features of the present invention will become apparent to
those of ordinary skill in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Inthe figures, which illustrate, by way of example only, embodiments of the

present invention:

[0024]  Figure 1, Differentiation of hES cells inte proximal tubule cells. Light
microscopy images of (A) Human proximal tubule cells (HPTCs) cultured on fibronectin
coated culture dishes, (B) ECM from HPTC culture, and differentiation of hESCs on
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 {;peciﬁc', 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



BRI EF DESCRI PTI ON OF THE DRAW NGS [0023] In the figures, which
illustrate, by way of exanple only, enbodi nents of the present
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[0030] Figure 7. Flow cytomeiry analysis of the insulin-secreting cells. The
differentiated hMSCs (B) and hESCs (D) were analyzed with human c-peptide antibody




differentiated hMsSCs (B) and hESCs (D) were anal yzed with human
c-peptide antibody wusing LSR Il 3laser FACS anal yzer, along with the
i sotype control b _MSCs (A) and hESCs (C). [0031] Figure 8. Functional
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cells. Nuclear staining by DAPL (D) Tubulin staining by Phalloidin-FITC. (E) Composite of B
and D. (F) Composite of B and C.

DETAILED DESCRIPTION

[0034] The methods described herein relate, in part, to the discovery that stem cells
can be grown in the 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, while the use of an ECM extracted from a

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




[0035] Proliferation and differentiation of stemcells are regul ated
by the cellular mcroenvironnment (21, 25, 26). Extracellular
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vitronectin and hyal uronic acid, has been used to sustain

undi fferentiated proliferation of hF,S cells in vitro (37). However,
human sera does not provide ECM nol ecules in the sane tissue-specific
conbi nations that are found in the ECM of particular cells, and thus

t he sanme fgtﬁéﬂgdffeﬁfegﬂﬁ Ce‘iélf?ﬂe&%‘%ﬁﬁﬁzd in_t er a_cti ons are al so not

provi ded. ron cess erais limted by the
avai l abi li tgsof bl ood donation and sera must be carefully tested for
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adhered on to yer of feeder. cells, such as MEFs, .and recejve
ionals TeesinHesEnBE Biesrice of Hact-beior PribouLs UHAR 1R B JERES C
prolifer adndars i hemhndRFsendy vk €¥).t 0 any particul ar theor y, it
appears that in contrast, in the pr esent met hod the stemcells

adhere o extra t . receiv naI S
adher e onjpgbiie EQU ety achol 1R SURRORLCSIL S B0 L ebel iRy 5
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R T b e S R R R R e

Si m | ar | ythe EU®1 fsektactedel | s" is also intended to refer to a singl e

cell, where cont ext allows. The cell may be a ceII grown in batch
cul ture ue cul t pl at por t | | e any
ol | o' ¢ naloo Bt PR bR GA RS o AR PR brf Bl el

compnsmg culturing a stem cell on ECM extracted ﬁom 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



mediumto provide a cell culture fromwhich an ECM can be extracted,
and on which ECMthe stens cell are to be cultured to resenble the
support cells upon differentiation or to maintain an undifferentiated
state. The support cell may be fromthe same organismas the stem
cell to be cultured or may be froma different organi sm_ [0045] By

sel ect i ngotuve oEBEM, vhish dedxiratighom eculture obthe puwpert eellsiagd thepasyhasdt h of
the stem i i e
type of S BeSHpbE BeRR ol ks JERE Rko LHlS A RRRRE, BARbE
cel | can deeditisexkxtept forduecstend edlff éreexstlivest i on of the stemcell or to
proliferate the stemcell. [0046]1f the stemcell to be cultured is

o be di oBasnt | BLegnebiRud URRRH! LEBM-oERASAR N Brftofl 48l Bk AR

cell of r opr i I neage or ce provid

condi ti ormdmbﬂech thmabmdce@ﬁf@edmﬂa, M&l@hwtﬁ thdb'l I‘BCPIISPQ@ kﬂwﬂs‘ﬁ@hﬁdé@fl is
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o1 < or bt Bheater Fatls e oG EOM SrEE B PR PP RIS ISR PP
that the ﬂ@ﬂﬂmﬂkmﬁn&ﬁhdﬁﬁfa&ﬂdﬁ&rmdphﬁf@ﬁmm c markers that
identify the support cell and has the sane bi ol ogical function as the
support Liaf EXGCEpt | e i j

spoci s doPEa enagiAekoRAhe iR RUF, HRRlig Al Ofha3 i Bk B ERLH
differ entceﬁirogaﬂainsnﬁ iointdnided toatﬁunasdlgkcteﬁ at ell hewplhrabify aeopiletraef of

the stemc¢ 0047 e s Qr r oxi mal
t ubul e cel v?gleb Cr%lFeéa%]‘f% 5 nérgﬁ) arﬁf Ehéalc?:er :égj% i alli%% eﬂ‘%@% Pe?erac? .

i ncl udi ngsme odl, ebbk asttextallbraiThecel nay behudlgrgwannwmabremeiﬂ or a
glial cell é-}tl]‘fl‘p iqcsyte a nyobl ast, a snooth nuscle cell, an

endot hel | B E BT PRS- g onmyocyte or a keratinocyte. [0048] Depending
on the degree of commtnent of a stemcell to a particular cell

| i neage, [0Ré4br eSentuppwt tedid srermy cellsglont besrats BEAM apd ¢ eetulistedi® cel | s to
di fferent Hchp A at ed
but di ffel!}lgc%ﬁmggﬁgbﬁgg ¥1? Ll%ﬁq}ej‘t%ég g%bcil%?t ceP%]de exErg&x rrpCF jfiﬁﬂlrl or
to perf orBECHghe ktempceé]saemo trsthodbtotrbrenbledhe awbort pels alpme@nﬂ@re@tm@m t ed
to differe i nt I I | i t
From the i e PledeRBic il She Shiper P ER0Ge Hifod Sulf i il
nmedi um ang teChdm cell to be cultured or may be from a different organism,

[0045] By selecting the specific cell type for the support cells, the growth of the stem
cell in culture can be influenced. 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,



[0049] Alternatively, if the stemcells are to be proliferated in an
undi fferentiated state, the support cells chosen are cells that

provi de conditioned nmediumand ECM that maintain the stemcells in an
undi fferentiated state. For exanple, the support cells used nay be
MEFs, endonetrial cells, or breast parenchymal cells. [0050] The term
" st em celdy'sele@foghpattiouandiffadhiiftel @t typatechndiion theratdiin andpabiie thef

i ndefinit ell ren | ,and differgentiation into.a,vari . cel |
types or EZC%T%%%IES%Y\%@IH&FR%?J Eosdig%?rtt]flglt? %}m&o#yf’lec?u n%dafﬁlé%og%lg ng a
parti cul assealle| o Hephageymautly hod fimbtionhilyf @ntphebledd,fibesuppart edlis osedi s

restricted,to cel]s of,.that rticular, linea "Stem.cel | " used
her ei n regg?né’w&atﬁﬁnds@%‘fﬂoﬁl&@.res?’ﬁlglleé’f ]é?ﬁo(’ﬁ-ﬂa?a%#at{} a%‘éseg%ergl Drae;ai%sni c
stem ce: :thﬂl‘t}%]eaﬂ&'éir&uiatedl%]&@ms t@gdzh? thé Emduélll‘ﬂﬁ)efa@rheexﬁmaﬂl cell pornies thec hy lmal
stemcell, The stemce e e from.a ni , AN i ng, a nmammal ,
i ncl udi ngliderartisied celf Wé@ﬁﬁleﬁ\%‘? Fpgert B%R %E&laéﬁ’ﬁidﬁger%‘%héﬁ%éﬂmf%éer%mﬁnom
in the arghende@fic B%aRER et idéﬂﬂﬁﬁrftﬁeﬁdhﬁp’tﬁi @fedd hishs: @alelbsolagieal tynetiasdsl y
originally obtained froma blastocyst, as is known in the @%t, but
may be priBePEnat SelldRtraRiREFTNIBFISEe ROBHICPRA therrt ¢l ERFEICRATETBE% o
usi ng knawhe RN SN Spport oLt ardVBERMEAYER brofhield 68lihS.tidBy ddao et ai ned
from bone marrow, peri pﬁeral bl ood, skin, hair roots, nuscle tissues,
endonet r ilaval afeemimisest pbthe ggmepide or from cul ture products of various
tissues in which undifferentiated nesenchymal stemcells are
expanded,[0847] S FoRe¥Miilé) tﬁe}‘b@.p]‘@d’ri cefl28hy b3 h)proxlifflTidldcell| dipancteaticul t ur e
the stemcell, the stemcell Js grown in gk?%ggl Celeh.c | ture medi um

that contiasuia-seapimecrbidynsed) BHPYBE 21 op9 &y of the

support cghilosal LROPSElial Ball, Shephicstel a BybHiALL @ shREihMKGRPN anes any
acceptabl e nmedi um used to grow stemcells, including a basal growh
medi um orengdpiheliat pedln@ eardiogBs YIS UAIIEBAEY growt h medi um  and

i ncludi ng for exanple nesenchymal stemcell growth nedi um ( MSGCM ,

Duljbecco' {?onﬂdi fmﬁjéncﬁaig})@{h& d@é%bﬂﬁoﬁ:@ﬁﬁwht oflantek eddiib ézl@h/lﬁbhkml' cellVEM F12
nmedium |If the_stem ce iis to differentjate int artic r type
of cell, W@W’%QIWWFH‘WWYBI@OEWSF Hidéref’togfer%ﬁ%lﬁg‘?&%rﬁbmf#% °gr0\>//vlto h
of the dif{efstpntdigtapd itBlidnally Pemblob radated Tl difetsn@belbpbd hahital growt h
medi um (REGV), renpal epithel.i al b%$al_ di um éRETﬁP’\%’ hor RP%L: 1640
medi um [ ORA] celnior eXaEleiE PROTIR PERTE I ed IR RIS e RENP Sd W CRe i um
condi t i ongflaBycomhnittbd Wrdei@éntiahits BtPRktcuze bdlBlincagomstiis tiohead: Hedihent
or "medium conditioned by" refers to medium i n whic rticul ar

cel I's, i nlineageot ghesurpariecdly fabpipvide the sondifipped B’é@ﬁ‘lmcaﬁ‘lg d, rel easing
secreted factors such as growth factors or other cellular factors
into the [mleldbpm Alééméltlvb]y, idfaleaqwm ef}]is afcegbé ﬂsragfetdmi iﬂpﬂahdi(fjferenﬁdtetdjrﬁ of
support cells used to._condition nmedj um dpes not .nee e
cul t ure u¥¥ theouanart s charen ﬁmﬁsttﬁaé PSS SPRef Eeﬂ%@ﬂ#ﬁ ok
condi t i oninfigatntBe SEdicel is he uhdibentefedtshe:. Tarexwelld, thespppandilf neth t he
sane species of organi sm sed as the source of

.as the support cells
the ECM nFFﬁéb%WE%FP‘éﬂWﬁéﬁé%ﬂﬁWP enghpaal G- by gr owi ng t he
support cells in the mediumfor a single passage, for
[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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exanpl e for about 18 to about 24 hours, and then renoving the nedium
fromthe support cells, including for exanple by pipetting and then
centrifugation or filtration to renove renmai ning support cells.

[ 0055] The stemcell culture nedium may conprise from about 20 %
(v/v) to about 70 % (v/v), fromabout 30 % (v/v) to about 60 % (v/v),
or from atRbluinclgingfgnexemple o nebamohynss sten(oglly Yhawieth aetl wenbié fomasd by

t he support. . .cells.: nar t.] . Qdi nent, the stemcell culture
medi um co%lrn?léiélgﬁlg g%t@%@&’(%‘ﬁ%%%%condi ti oned by the support
cells. [0056] The growth substrate used to culture the stemcell is
ECM ext r al%08d] f r M?gloﬁéofsﬂb‘pﬁpmg stere P¢lls areTiowBE@Mbee srte Kor exempld: f r om
support celd: j . : ri i t VE ;41hewECM
i ntact an@dgﬁréﬁ%a%gggﬁggg%?%%ﬁ%ﬁgﬁﬁ%ﬁ O%QF%Q%e %%SEAS tﬁ’uar%éstﬂ\%leggel

i n whi ch inbe sty hponty egirddomlyexbamsled whilekept @l dnyndifferentiatpheeie vied | s
are colle d. b pLyi n | ysing. r

xanple. vl Ao T2 Sty AR B B Y8 pOEE SRS Ponniiom

i nhi bi t or peripbgrabidoedy eitin dietd roosf, tresclé fisies, ertdometrigld and bldod fer exesplebr may
be rinsed.with PBS t.0 remove resjdual.lysis.re ts and cel | ul ar
debr | o ¢ DRy B Rek APy SR e AP EPRAR TP ER 48057 For
exanpl e, aipperdxpadbd,as kyokeid isad(@9n3B. cul ture plate using 0.02 M
anmoni um hydroxi de, the culture plate may be rinsed twice with PBS

and the t he I h d t
ubst r at g2 Do f4 4 U P e SO Al P i G BB
t hose ski mkdidmitimt chwgaias ¢ontitiatedanaiiit ubteingd fbre theafubimsng o thewpppetsel in
whi ch cel (I;eﬁscan be cultured in vitro including for exanple plates,
flasks or nulti-welled plates. [0058] Thus, the stemcell is cultured
in a vessel that has been coated on an interior surface with the ECM
ext r act edl0058In t Bke sem pdt qultorsinhesliung somgrisss @macespiableuhedinre used 4o gM¥t hat
cont ai ns [ opdinti . i e
g%ﬂ CHIE ga%ﬁfﬁﬁ@} @%&HB%{ %nn?ﬁéd dhl/ok %}ﬁ%ﬁt toeﬁ"g%olwﬂ?

appreci ated, cufturing inc jectin e stem
appr opr i amedivonaidtindwling Or supply meschaymrliténg eglbgrowth metino VISGRAD),

di f'ferent hahl OB Qlodifl E%%ﬁ@r&%i&m (ﬂ)ﬂ%ﬁ\ﬁ%gkﬁﬁé PMBRESASEEM/FTE
tenperature, aeration, atnosphere~ an um Ity.
medium. If the stem cell is to differentiate into a particular type of cell, then the medium

will be suitable for supporting the growth of the differentiated cell type, for example
renal epithelial growth medivm (REGM), renal epithelial basal medium (REBM), or
RPMI-1640 medium.

[0054] The stem cell culture 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 medinm.
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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[ 0060] When the present nethods are perforned to differentiate a stem
cell population such as a cell culture, not every stemcell within
the popul ation or culture will necessarily differentiate. Thus, in
the present nmethod sone stemcells within the population or culture

may not differentiate and nay retain their stemcell nature while
ot her cel ¢xemplietfriahontH@ te shropt ks tidtheroremouing theanediven from lescgrpat

di fferent ] t a i |

cel 1o 11 ottieRtie ™ Baisied PuRRR A e RO ANAEh O AR o Upble0,
greater, I@mamjngmtppiéﬁ%ﬂrr. greater, or about 30%to about 45% or about
35% to about 40% of the cells in the differentiated culture may have
di fferent d Sk m]ﬁg g ells
used. Formg§< np?iéhe éeﬁfcesent%lene @F 5 [)élpruse &tbb/wg%ﬁou‘&

di f f er ent 106 iCam), ﬁrbmalbpmﬁo%fv/@rto @bouh NB‘V(C(EIVD,SDI' Gromaabpad| a i/ drio ghouh ES

cells by tr ner .n-segreting
cells, ﬁﬁ)}aﬁ{gﬂnﬁf%e g@ﬂ%‘@%“n ag% o u%’e cgﬁl SI’?P ﬁ%&%})aﬁg%%#%ﬁéﬁ %%t
differe nt dtent e=li ondtorewddiven ¢dugiriseedent 08 (van) cedimin @niitisadd by-thesppirt ng
cells is ahout 30% or greater, or about 35%or greater, or about 35%
to about Z0% or about 36% or about 38% [ 0061] The extent of
differentiation to cells of the desired cell type may be readily

det er mi nel#06§] a Bici groved sptaomsulh Kyt trdwmcelit Fodekugyed frawthedi ng

as descri fy fl%c%né N XML S3raDiEk A s%é}%?tc%ﬁiﬁsﬂlgﬂ? cF bpi ng, PCR

t echni ques 0 conf1 rm expression o er proteins and
FACS anal @ec}kdmaunythmleap@ﬂaemmmmdl dbedy adljef06 eCorfoeemidmdell, t he

ECM used in . the extract e f 9 cells
that can Be'r é’g%flc C?Sge Suﬁp ?E?IS ! Sedaél i ’t% gpﬁé&Pg@E%&epenm ve
purified @ﬂeatmlﬁinhanayﬂed EChpivihee l;lsﬁg re@eﬂtpﬁor e:mcpplermer, fihenmeea of an

ECM extract ed d| from |1s t oned
mecl um onPUTHB A $<FaRrLslliR PAORBR e ik P ECRA Akl ST e
culture cmtdnetvbma]sﬂay,cmlaemwn@PBEeo EoRpe mtssduﬂd)ymheagm and ceH@vt

nol ecul es ar e und i ceI |, along with secreted
factors (B’E’ %‘8 %Fﬂ%ms}@ﬁ%%?ft&%g‘%ql?ﬂ ‘8 factors all ow for

qui ck, efficient prollferatlon and optional differentiation of the
cul tured 90T cefdrsxarfilé)6BpartckBumaiied Iyspdlin atctlede plateasipg PAEM cul ar

h , i
cort s netRRRGREPebURL e RILRE bRt A MR LIE SRy Yod (TR SHDPOT ¢
bi ol ogi cathe mi@maﬁlste ancthef beced ampglo'mﬁds@ytramm mtﬂwltmaslmﬁl;ﬂnat ed
W t h the ceﬁ]ezl]&md und %”R#)?’chos eglmc ! lart%’i”t%%&lg)ré%ll fréfhl% u??%ence of

on an GTact undergo uh eren

pr oI i T er atesehinsyhitH @ils tan Hehaltup‘ed)fn vfum akhuding ffacixbipla platks paskddrs .
Simlarly 1? tl @fﬁ’l cultured on an ECM extracted from hunman -
proxi mal PEPEIREPE S ced to differentiate into proxi mal tubule cells
much as it would if recruited to a damaged kidney in vivo. [0064] The
present niePbtlds Bivsohpseemictll isrudlifrbéineantesst thet Ips bédnfeontad doan interivi t r o

in the surface with the ECM exfracted 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, acration, atmosphere and humidity.
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absence of an MEF feeder cell layer. Thus the present nethods provide
a protocol that overcones the problem of cross contam nation of human
stemcells by MEFs by facilitating the undifferentiated proliferation
of stemcells without the use of a MEF feeder cell layer. [0065] The
differentiated cells produced in the present nethods denonstrate

f unct i onal0068bpePhprte prvpd abiods tre petiwmed ppdifferentistd sstémep whi ch t he

condi ti ong I i.s.coll ected. and t.he IS .extract .

enbodi ment &ugpgﬁm% Py %Cﬁ?lnc(‘f%"(‘:l St 6" ftF nelrcgl%%té]tuetg °p§fe%é§?%gc ong%

ext r act edndcessanilpdifferenfatex Thesl intthdpreentmbthed sharentent cells evithivghe apabi l ity
to transport ter conparab 0_hunma r oxi .1 ybul 2l n

nddi ¢ on Pk FoafBRRL BRt GebRp LR RE S Rhet 43048 S8 S0t 6 on
MATRI GELTdst]z:eri cﬁkﬂé widliih thg Sjﬂﬁf m%ﬂaibn bﬂclﬂfgfelmré(indﬁt?ﬁ td ﬂffhnifﬁ’ﬂ’;a_.té amdidi@la;y
presence e, _appropriate, n, . enbodi stem
el Ts | it eternph R BhRnfi ol By bdBdim iR BedfhaSer atigRts Fam

pancr ;afat [ &a?sp&uiﬂoﬁ?mbleg;wi&, &edbbi 3%%{@@@@:@,&? abdif 30%?9 @H@d@tﬁ%{ @n and
secretion_o ul in _upon ucqQse enge. secreting. insulin,
Che. di f 1 oL BeropudPe cﬁ@%&ﬁ%&&ﬁ% repifatef] qrigReanaehAge ditigntated

i ndi cat edoryfayfrbsteiblbadrib BSmpdraBlO tBERHPbrt Olls Bl FoPe:Seplepine ghrdadntt he
differentiated cells throughout a c%x(‘c(}: i c exposure_to dia of | ow and

hi gh gl ucBEBotBAL B iq Bfice defartietrngf rrrtlaimd &Ml 05t em cel | s

i nduced t gopliatib@bEIHS RlEbPEGBL G ROV M B¥hHasdafic idom-aetaapl ast s
denonstrate expressjion of osteocalcin indicative of osteobl ast

f unct i on. cqllesBd) thifdhs Rerrentaghal Getly nghe pomjation et differptiai Btp Gels tak

present NRLOAAISHIBYaEnHEMAEAERBL NS BB01R 46| R BlcBiet, 86 BHuOIYSS or
depending on the particular differentiated cel type. For exanple,

as i ndi ca®eyes pr PR 3pXelrEbey 496 eipboriseorabetiues i ncl ude

deteimning the capacity of the differentiated cells to transport

wat er by H884YI NUhd &fenf bluRFasEeN6R dRiIosahandirad dfirtyRxposibeadily a
a fluorescent marker su al cein.

hypot oni ¢ _sol ution, using \ . as
Techni que@etefrﬁmﬁ’ég@ﬁﬁjiﬂﬁ%‘[] PHROn5iHE stapgerd pethpdologss P&ﬁgﬁlﬁiaaﬁ%ﬂn'&@%% 0

produce i Bgdtgldd beldw] Qﬁ@@@ﬁz@nﬁ&sﬁiﬂﬂ@??@l&&ﬁﬁhﬁé&g@céﬂiﬁh%ﬂ?&e@s’i@&)ﬂ ng for
expression of insulin duri ngﬁmosure to high and | ow_gl ucose

concent r aRAERHIar aFksEPIRHP IS G @DREHE g an appropriate antibody.
[0062] Conveniently, the ECM used in the described methods is extracted from
support cells that can be readily grown in culture, and thus the use of expensive purified
or recombinant ECM molecules is not required. The use of an ECM extracted directly
from support cells together with conditioned medium obtained from a culture of the
support cells thus provides culture conditions containing the complete complement of
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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anti body. [0069] Mai ntenance of undifferentiated cells follow ng
proliferation may be readily determ ned by a skilled person using
st andard net hodol ogy, including as described in the Exanpl es bel ow,
such as imunostaining with anti bodi es agai nst the octaner-bi ndi ng
transcription factors 3 and 4 (Cct 3/4) which are produced by hFS
cel |'s but “edr EoteAPlceytipaceld cylperd. in the ghsarve 0AMESH qu3sECM exfrsied The
present nﬁ&lﬁ@@Fs‘%ﬁﬁ%ﬁ&rg@ﬁﬂﬂﬁ@&ﬁ\é}ﬁ?ﬁdﬂer}(ﬁ [ Bn @ A8 btoRferfoncel |'S

t hat phenot 'Fi cally and functionally resenble differentiated cells of
a desi r edfegibifatediby pEEFsT Rimilarly restemn eglbenlturpdion od ECvhgxtiseted Sort bumapr ovi de
a useful apdnfeLak iMGhked | i ' i

bi ol ogi ca apgl I catsi onse(i!l ﬁﬁ%ﬁ%&yﬁﬁ%ﬁ#ﬁ%@%@? %ﬂtg:]énl\é?ﬂ %Sﬁgﬁ’%‘blgﬁﬁi Ccs,
ti ssue engrmdedtorgamageadiiidrsl &l vier.gans, bi hybrid inplants, cell

assays, drug screening and other research and devel opnent efforts.
[0071] 1t fodeipoWRLd ﬂ}egeﬂﬁn&ﬁédsfaﬁégseﬁﬂhﬂﬂfdﬁﬁ%é%ﬁ%éh Q?‘f’ér&%? i o RS s ed
to performorgan functions in patients sufferin rom [ ost organ
functi on §e3889f an MEB dpedpifdell dayer dhitcibe presret weithads v Gy dpothcolrthatns,
are conprhged.Qf th@ﬁfo%fgﬂ{ ORd Qo mbBb O GiAby S0 cAlHyiNERAL :
conponents (38). These devices can augnment or replace or garyfunctl on.
[ 0072] Duefacibitatingthe updifferchidnted iroNferatiowof et bdls avidoditlid we eht MidFed cel | s
produced QcEPLI] to the present nethods provide a readily

obt ai nabl e souérﬂc%%(gi‘ cells that may be used in bioartificial devices
in strategies to replace |ost organ function. Thus the present

net hods dJRPOERN t uFherifferertistederlispradicedin theprepnhmethodstdsmansirate

bi 0arti fighalondeyice: i de i i - .
Punct i oney o LB BEics o RUIER (X SubBPOAL BB} 8 ooddondd fecom |
be treat &8 c@lected andihp BEM fsiesirastedd dy precembPdanamb steorkellhindugedyo conpri se

cul  Ur NG EEEMERY) Solifle & BEORLGLER L 8K 68,0 GBIt oned medi um

coll ected fromand on extracte I"oni ng cells of the

organ soulgrongitpitibe eapebititio yynsphe witsy ceepardt0OPIBYn perinl fibnly cche
present MRLAGHSH, Mo Gt bitlabddQesd SILEEHE S Wk RS Rn RATRIGEL ™

indicating potential to form kidney tubules in the presence of the appropriate ECM.

[0066] In another embodiment, stem cells induced to differentiate by seeding on
ECM extracted from pancreatic insulin-secreting cells demonstrate insulin production
and secretion of insulin upon glicose challenge. In secreting insulin, the differentiated
cells are responsive to glucose levels as indicated by fluctuations in the amount of insulin
secreted by the differentiated celis throughout 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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device, the resulting differentiated cells may be used in clinical
applications while being separated by blood circulation via
artificial imrunol ogical barriers, reducing risk of inmune rejection
or other inmmune conplications and risk of possible tunourigenesis
which may_ occur with undifferentiated stemcells. [0074]1n one

exanpl e, PRE PYESERRIcHs il helaaypistdilo.dinse trrbnigtes fcBRl s wi t hin
a bioarti Héteidhing 40 ehRcAP S B dBBMNERLARE Rkl »E;@ﬁb%&&@%&ﬁ& from
and in conditioned nmediumcollected from human proximal tubtle cells
to provi de"¥ricrrrbaboreand aftepesurtiar haponia privtionesinge emgsasndbl e to
human pr 0@t subl! B4 e I TeSimi ?tcpde%ﬂeftﬁecdﬁ?i 1tgup§ﬂl3ﬁlf?e§e?a't1§tred dayi ce
may then be used for the treatnment of | ost dn y functtion.

[ 0075] Cel FosPredice Fealin ipyespprse i gluense chrlictasdurlureypssalisp fdyexprestanlof f or
treating mseiSQEAL bxloburd 1SRl LR ionShsfletd hQuideGLsaned
cellular, tissue %rxﬂc?r gan %%\%ﬁ%ﬁ@%o%@g% ggrtmrllé‘}%{%%gﬁ%gggég&g%sed
cel | ul ar, a#tibedye or organ function refers to a disorder in which
cells, tissue or an organ of a subject has reduced or decreased
functi on, [JogBRI T SlirfidhRkdel 2 OndiBbreftifedbe Sl BOGEH] ifhiddqPs gnal
conpared to the cells, tissue .orre or gan o#é an‘ngﬁgéh\%}%tﬁ%qﬂﬁ%ﬁgﬁ@t he
di sor der . 44'oPEH byjagkilled pasanasingstandard methddologss tnehiiding@n deberiedi i the
col | ect edpkhgmaat 0 h M BNLIRaHEM I LS, 0% the, 8L

ti ssue or o%ng ar?’ af f éctce In %ﬁ%‘% I o‘%létg%ﬁsg%%ﬁsag%%ftﬁ%ﬁ?%& b%%eg

di f f er ent frEpseertionfastased kl 4 (Qet 3/4) whichastoralvatd by Isgels bislaee dosmeel | s
of the celebutdPEnonid; : r.gan affected in the disorder may be

i npl ant ed elg%l an&%oﬁdé%%?%gﬂg%@l?g’t into the subject where cells

functi onal I¥ con]gl?r able to said differentiated cells are required or
into a bi G&P] fi Ehearesgaivmerbodssenyenisnily eravide frevige snetation pOHBYTfiFhe

cel I's or Picaasibdiyhd hulleylne B D8tk L B84 OAGhY
surgi cal %ﬂr ??%Iecltyi(%gn met hgdg.r T e.cletTeF%lgtlrg&gégl\?i%g!éa%anéﬁ e EgITélnrllst’ed
at a sui t&pPesst wethpds mebesispd toawrotide prssfil and htvdperpensive edlt nent  of
the di sorg@feei§hati&f tiflodilst : ' L on.
Al ternati \_/elc)?, t he bi oa.?%‘j f ilﬁg%#%gﬁcéugﬁﬁégﬂggﬁénosﬁg%ﬂg%rldﬁ“%%sf nal | y
to the subjecinsinesromyafifiqipeorgansrhitdiiddoplents, calrpssays; dag sursedngradei n
means an FHQYAL.ef Leciby ges and periods of tine necessary
to achieve the desired rg%%ﬁt?ﬂ?%? exanple to treat the disorder

rel at ed t@ ]7&Zt cellular, tissue or organ function. The total nunber
of cells 8 4 kmpwe & ba askithet bipartificialiepisrtiian ye srrdse pentarn drgant or s,
i ncl udi nofchiRnsRRIYsudiRfnd #8 108 ofsherdl oAl G859) BRS F

adm ni stratign, _\gﬁd _thsé ageé and h_eglfgth o%%&a s%%gcgm% gcbe%f&rhe
subj ect nBSUdEE binlybsidsresss, apsampgised efiacombinationcdtiicdericad ahdatificial

cel lul ar, oobdpSSdhes (38). These devices can augment or replace organ function.

[0072]  Due to their functionality, stem cells and differentiated cells produced
according to the present methods provide a readily obtainable source of cells that may be
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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or organ function or requiring treatnent for |ost cellular, tissue or
organ function. [0080] For exanple, the cells produced by the present
nmet hods may be used to treat a subject with a renal related
disorder. It is known that bioartificial tubule assist devices

contai ning proxi mal tubule cells can provide renal reabsorption
function FEasishjfeet fyneioping eeistof dre drgapaovnghd torkeriedatefl by dieidowicd. 38, 39) .
The cells produced by the present nmethods may be used to treat a
renal rel Fom 14i 295d@5mbYe RE g&béﬂt&gmaa%ﬁa&&mys&& & tm%r&wag ed
cells that are functlona% onpar abl e proxi mal tubule cells and
that are PF8% ﬁléaespwnadﬁfemmtﬁd ¢edls saytbg Bsﬂden glini¢ad epndiiestione whilobgng  The

cel I's produss ﬁ%* SmiB S

di sordersgérﬁel %ﬁ%b}&éﬁlciﬁéﬁ?ﬁﬁﬂ% ﬁc}?gnc Xﬁﬁ%éﬁt‘bg@ie}é ﬁ%ﬁut us %(%?/b is a
di sease tHﬁmu@amewnmg@@dmwunanomblmhmsandnslgdnﬁmsai@&hmcemggneeiae to
t he destr I creatic cells (Type 1) or by
a relatlvgﬁ%ﬁgﬁVQng ?%#gﬁégﬁéﬁgiﬁgngagonblnatlon of decreased
insulin senS|t|V|ty and |npa|red function of insulin secreting cells
(Type 2) (WF4]41¥nong pamelpithepresentmethedsmaydie usM tosulfire semsely withion of
suf fici ent, i as# n
secreti ngE(l:jieI I Slcia[‘mBﬁlQ%é&E &%gtcgget?‘?s pr g%%%égtg ﬁg%%d?{a%olgﬁlt%%lt hods
may treat TEALDPY #thﬁIBmhmmX@abmbdepelbm@NOa@e @t\ﬁfetgnﬁp:ﬁd)wﬂdrﬂwg

subj ect s Wetfﬁhcﬂblgafl.l? c@ﬂé&gﬁlggz Iﬁﬁ:ﬂallgfc E?Ju?ehJeHQCfﬂe%” i QiRAY abl e
to pancreatic Ins ecretin rt e
d|fferentﬂaﬁéﬁﬁmsmhwfbmdﬁm&eﬂbb@cnhanmmeﬂénthdm@ﬁmmﬁﬂmay be used in

bi oreactors, as part of a bioartificial device such as a

bioarrifi ] PAREEaTR

dlsordersgygkategggo |nsgb?%§ S%%?%ﬂgggthsgggé&%ﬁﬂ%ﬁtie appre0|ated
that the é@@lﬂgrlpﬁ@@lu@cédhqﬁsqrmlflate@@rdecwmeﬁed apHispuead ot sthdenstion) f or
treatment A%go%e??é ﬂﬁ%% &e%ia%%f‘a%ﬁtﬁaﬁ e &%r% oﬁ!r Sy Lbis@iEN
function istered in co |nat|o er treatnents or

t her api estlch§FllSd11$$Qe elrangreantod p aybjechhas rsdncgte«mdecx[em@@]ﬂﬁﬂpmanpamgd a

di sor der I sto
an appr 0ach o Coey S b G bt el R e lee O Ml W o B S 1
clinical rendividpal Behootthedisbrder desired clinical results can |nclude
but are not limted to, alleviation or anelioration of one or nore
Sympt O @o7epN dirhk08em oGl TS FERa bnGIthERIm Bll1cEHcd BoihaBh ECM

di sease, stabilization of the state of di sease, prevention of

devel oprefiiragied §rmgelee! thy cellitumeatissue prasgaaicstnd sfthe diserder, ad di sor der
or di seas@;fnoﬂaiﬁﬁ%nﬂéa%me@;thglmﬂafonmy é%hﬁ;%ﬁ QEQRGRARION.
delay or slow ng of disorder or disease onset, ioration or

pal | i at i ofYPoftisguger gigg pidksteddn tkmdsveecbemgr be @Pl@mﬁ in ewpEestivaataodnét her
partial o al of a
subj ect b%@%%%g%%%ﬁwgégg%ke Cu&%mﬁ gggﬁ%%”%kﬂ%?%étﬁgﬁﬁ%ﬁ¥#¥eatlng
can al so rmmdlqnmﬁbﬁbmn@lfmhbdm@gls@ﬁsmﬂtbﬁfsutllesbrder or di sease,

sl owi ng the progression of disorder or disease tenporarily, although

nore prefgogd|y. Thd ce'llg&%lgﬁ'ﬁﬁzgﬁl éeh@gmta{; e ﬁﬂ}ﬂgﬁmin%@taﬂﬁara b gghlscﬂr der

or di sease per manent
injection methods. The cells or device may be implanted at a suitable s11:e in the subject

to provide therapeutic treatment of the disorder related to lost cellular, t1ssue or organ
function. Alternatively, the bioartificial device may be connected externally to the

subject.
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[ 0084] The present nmethods are further exenplified by way of the
followi ng non-limted exanpl es. EXAMPLES [0085] Materials and Met hods
[0086] Cell Culture [0087] Bone marrow nmesenchymal stem cells: Bone
narrow rresenchyrral stemcells were commercially obtained from Lonza

I nc. #PT- 25012 and cul tured in nmesenchymal stemcell growth
medi um (NE?@@J CAbe teppfoirgtye amamwigp uardrheed meang Ay aREDt é%wlge @HESCs) :
HUES- 7 celidsabdsRfd é&%?bﬁ :tﬁ:ﬁle EJC%@QM@J@VQH&%&ME&E aor 4 It bEar USA)

was cul tured at on neonycl n- resi st ant pri ry nouse

fi br obl asthg disgxier relapadem okt ce@m@vrn@@pdor ereen faactioonBhe totgsmymbienofasdete- out

Dul becco’ §e imdh;

InV|troge§1e USAE”!“{?(?]{Hﬁjr11 g'lﬂg’l %%%} rggirml}%ﬁ%gbpgacengﬁ? d‘('-y&a
#10828028¢f thndiserdegén modse) adnm%@tmmme(agaand waBsDB6 ubjdchvi t r ogen,
USA), 1% non-essential amno acid solution (Cat. #11140-050,

| nvi t rogemo7ypA) ; WaER=ir b

v ogen7oba) THREMD G sl By ARt or et O O g
Cat . #13596023. fungiiph pr aeinng WSAnent o 10st teludariyissee orergsafowsdvnanol
(Cat. #21985023, Invitrogen, USA). The prinmary nmouse fibroblasts
(MEFs) weygasp] at gsk eaanﬂeﬁzécefug %ﬁdﬁu&%ty% steﬂt IQetﬁo/&s%Jy%fewed(éhgm

USA). The cul ture nedium was changed évery day, and cultured for 7-10

days. TheS'oRbVih diraa related dwerdﬁ%dt g denowm heNEsastifigial telsile aseisted¢vicemd
used for &E@Qﬁn@ﬁr@%&ﬂubﬂe 11:918% g}ovﬂfe rgﬁgﬁéabsgﬂﬁoﬂ EaCort s ﬁ%@nﬁ?ﬁwﬂg the

fibroblasts were trypsinized sin, I'nvitrogen,

scraped, WHd®Tfmpaitsd sxpak iima@upgr@?a 3_9_Ddfhe@ sreedweedipthe ptetse@t wdthodd thay wer e
cul tured gn, . ( d
1:20 in KnocSEd %{é@lﬁ%ﬁ s tIg@tl:}}rS @ld &g@%? %‘ﬁﬁﬁr"%g‘ﬁg%dﬁ It tgageéi ‘éhé %tﬁm
f r om MEFsare @@Gm@ﬁﬁam%ﬁble toméomhllfsbweéls eybiliati ane priveidet] nfaer entl ation
pr ot ocol ggéﬁﬁélgqgo@%s%g\fde[,gg%] Human proxi mal tubule cells (HPTCs)

. Primary HPTCs were obtal ned commercially fromLonza (Cat #CGC 2553),
and cul t#l{? d wth renal epithelial growth medium (REGV Cat #CC-3190,
Lanza) . 8t t TreceHeprodwacd iy therparsers anadinds jnagelse pe upg to treps disorders
condi ti on@phtdRel iddmRSicRRl,, %Eﬁe@es nf[éll tEse({lﬁ@) is 3tkodts 8 M be Q%I%?R%F) A

differentiation process. [00 I nsulin-secreting ce
cel | | i nea¥abgpiie nsuliméaficieaey @wﬁ@ﬂ@ degtiuictiomef WQﬁmmgn:mm@@I{SCat

#CRL- 2058)p: lypér Deoresh |r§1atW:ér1§suﬁH h&ﬁ{ﬁ&gy ik (BRMb7 %ﬁ%@oﬂ@@e%@ %{){Hs@iﬂ“ ng 2

ni M of L-glutam ne, %up sodi um bi car bonat e
gl ucose, SEOFBWHFRd BE]DESd 09011 @ﬁwmmg@mtmmcﬂsr({ivm%) (20,1*9 shippieatibnt

(i nsuli n. edafefyp b & BOsSALLH BT 20440k H@hﬁﬁgd&gcﬁﬁﬁcﬁ%ﬁt al povine

serum (PBS). The nmedi um was changed every other e nmediu
col | ect edrsRlantrionoEinselit scoisting ¢alls (419 o Bhuaithércells demedl’omrﬂla‘prtaeetr and

used as %&ﬂéés'n%}%a{%%éﬁﬁh deficiency disorder such as DM by providing subjects with
differentiated cells that are functionally comparable to pancreatic insulin-secreting cells.

Furthermore, the differentiated cells produced by the present methods may be used in
bioreactors, as part of a bioartificial device such as a bicartificial 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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[ 0091] Mouse osteobl ast cells: Muse osteoblast cell |ine (MZ3T3-E1l)
was obtai ned from ATCC (Cat #CRL-2594), and cultured in DVEM

suppl enented with 10% of PBS, 2 raMof L-glutamne and 1 mM of sodi um
pyruvate. The nedi um was changed every ot her day, and coll ected as
conditioned nedium [0092] RNA isolation and two-step RT-PCR. [ 0093]
The tot al tRNeWadsirgay.ated fromthe cells using GeneElute total RNA
isolation kit from Signma (Cat. #RTN/70) according to the

manuf act ugsga PRk %gé adIsz?de}&tlﬁédtBMtc‘!@i%la?'tﬁﬁfe%?lo&fanﬁ{ﬁ}fn&ﬁ@%ﬂt@ DNA
cont am natl on“by 1 ncubating wth Rnase free Dnase enzyne. The RNA

was f urt hen apmoash §e obtainisxhanplelalion desirebreaulissinplydiag s’émgaé FGSpHs. | f |
t f
reverse tRapSeLh P} @E%F%&ch%séddég }%11{9 ﬁgg@é" butl~$§é°ﬁot 11%J§§d #DSdvidion GENE O

i nterest was anp vant ag meérase enzyme (BD
Bi osci enc @sn,ehdz@#)n of pﬂ@@f@o@sfmﬁnmn b condidionsgy dmwelmertt obHesgnt EGhisandes
extract ed f F GRE lé%a%ﬁ’i aﬁ%n% sIaEe oqP dfsg%se X}eﬂﬁéﬂj Qﬁlgﬂ-&%ef Ji:tao[&;de oL

i nsul i n-secrettng certs “fouse i Sing W 002
amoni um Id;sdmsa)q:rd&nnoﬁfdfepreedamﬁﬂm*'a@r nynk:mm d@lh}t o,tr@vp'hab"ﬂﬁscm@rer washed
twice wt SPBS and stgnl}ac l,s vverfig rordle Lo quﬂéacj%rbythe
commi tt ed STSIe?mg"'IEﬁSéO% PEY O glowing Pf ¢ 3315?31%5 PPRIEHB T at | east
5-7 days ipallibthen qitleskocder of dicapdktdte Qﬂéfénﬂﬁdin&(wh[‘:ﬁaﬁﬁ]ﬁal emunbst ai ni ng

and flow gytopte 0097 nost ai.ni.n ai ni.n 0% of
cont | uont SRS i HSUPEtR POEE0, B Lptoa sty bOPHATR Pipot:ifn o
par af or maladehyecs treEﬂﬂéﬁld“’Dx&&ﬂx@”\A&fz&sd rﬂ&ulﬁaﬁiﬁdng\thb brc@ﬁamojpbf déoedgpiot mar y

anti body in the es ce of 5% rum al bum at 4C
over i ght it S A g OR EHO SR 6 AP EBHOBH P Hthop gy

cont ai ni ng.re‘f%m, ifrihvdlﬁd% h¥hihQGhe préiessioh bsthwﬂtseldbﬂ@t&a@a@q;emdnbnﬂy
conpl enentary secondary anti body (fluorescent-labeled) for 2 h. The

cover sli re.then un bserve der | aser.confocal

i o 0scopd00tl0o ane BRalTe Tl &P e Re SR e ey AR o EORERER
suspended lintited exdmpdds. i ce- col d PBS cont ai ning 10% of PBS. Primary

anti bodies labelled with either fluorescein isothiocyanate (FITC) or

r hodam nemgﬁ and the cells were incubated for 30 mn at 4C.
The cells ed 3 tinmes at 400g for 5 min with ice-cold PBS
cont ai ni n fof PBS. Ig,égﬁl\f%@dé were resuspended in 1 m of ice-cold

PBS cont a| n| n 1(5"3)“‘3 14 anpl e was anal yzed wwth a LSR IT

3-Laser PACS Anal yzer (BD Biosciences, USA).
[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 medivm (MSCGM, Cat. #T3001).

[0088] MEF cells and hES cells (hESCs): HUES-7 cell line (obtained from Howard
Hughes Medical Institute, USA) was cultwred at 37°C with 5% CO; on neomycin-
resistant primary 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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[ 0099] Functional Assays [00100] WAter transport assay using cal cein:
Cells were cultured in a nonolayer on tissue culture plates at |east
24 h prior to the assay. The cells were washed with PBS (w t hout

cal cium and nagnesiumsalts) 3 times for 1 min each. The cells were

| oaded wi th cal cei nAM (I nvitrogen, USA) (1.6 final) in PBS for 10

m n. Theysomtpe ®ethet 1id0:050PHE8VBoeémedSANr 1% npanicisivftrerivmycde| (CGat.wer e

i maged un, l;uor esce 1.Gr W t ?I:Ff@xﬂi was

changed t%%g’?@?/%olﬁ‘élﬁlg ené@#ﬁ‘ﬂ @n@%ﬁ%%%%ﬁa#g{%gﬁ %,ﬁl i né-qég]pse

i mages wetl8516@kenedtrogen,i HEA) wall ©1%10-bslec memaptd@hanoh (Mt H08§HR23,

sof tware bl ecul ar vi ces Co, sed 1.0

P Lo escdhtboRay URa T Pty st brobhet MBS FEE MelPRA A bl

][reasu_r en&imhﬁed GHthch 5% - ghiie Signh, USAMN THe afssymydism weedbimged keak dahe
uncti ona

potency of the differentigted cells. The ay wa
per f or med28® t‘ﬁégg‘ﬁg“]co ‘garyis"n 3&8‘%3?1133%&%65??% R I\%FEES %’%‘éog]te?t&%
ELI SA lk: tan}[d@gedclibfj EES@%]Jﬂggﬂ::chﬁﬂmﬂt 2 'mw@sﬂé@m{@amtm#@éﬂ)he ﬁBmt hlarmdi um
was col |l ected an nal yze or e c-p i de secretjion.. For
cyclic i e EYBHEER (RS Fropstp IPvAEossh, 55’%)3 seréu’qu%ﬁh&er@xtg%@aam-a
hi gh gl UGS en&RNaRL tAIREIORIIE 2Per8] Mltrefl tdn 4 MATROGEDWE A BDY BadiciexposUr e
to a | ow glucose concentration

5 for 1 h. N
[ 00102] Urfastpayeseatet ddilypd) 1#%%5% wﬁdfo%f hEATRM) | wltwre] dodo SPEeRitRas

ext ract ethohgohdaU icdfugd PEFSVIEYs. | Vbt Exphdsthn0. B RNI ORI MidBY diOXiede.
After conplete lysis, culture gl ates were washed twice wwth PBS. hF, S

cel | s gr o¥kerspfiation profeok deagibed PAY®r were trypsini zed and seeded onto
the ECMlaid by the MEFs. The |iFS cells were cultured for 10-15 days

alnld thgn [BUBQ}J: F?ﬁﬁdﬂ%?ﬂﬂﬁﬁ%l?lﬂé dell%Y(HSlEi’_(S7 F 5) :Thexnb:rﬁsﬁms! ﬁretbed'[ﬁafined
allowed to proi.l erate for at east - ays'i.n the esen 0

condi t i orfeERREEiRll fpmohest é@%tuﬂf@%-zfﬁgumsﬁ SSliored Wik ] gRitig Al Eerd
i nto proxhemhmiRBGM ReHC6-3130)19 afkd) Te dAUARINAHEY WAB Lhdngél b@rEethérs

(Lonza, Inc.) was used_ in the differentiation Qf h Cs‘lgtfP ..
day. The conditioned medium was collected, filtered, and used for the differentiation

process.

[0090] Rat insulin-secreting cells (RINSF): A cell line from rat pancreatic beta cell
was obtained from ATCC (Cat #CRL-2058). The cells were cultured in RPMI-1640
medium containing 2 mM of L-glutamine, 1.5 g/L of sodium bicarbonate, 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 culiured 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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proxi mal tubule cells. The cells were cultured in the renal

epithelial basal nmedium (REBM at 1:1 ratio with filtered
conditioned nedium The cells were allowed to differentiate for 10
days, and the nedi um was repl eni shed every other day. The progress in
differentiati on was observed under |ight mcroscope (Figure 1), and
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of AQP1 protein V\hen the cal cein-loaded cells were exposed to a
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Megal i n (ggufre 4A) unAQDl Fi ﬂrgeﬂglgw gﬂd Pax2 (Figure 4C) showed
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t hese prot%@ BEtHNe: Fenmmynosiainge, A8 confiuesheelisavere ramwsCs)

into insubd move@r@gycaha%@éelm phPgoEGMcAfRMALRE &ﬁ& V&3S lihduﬁate& Q;GIHP' ng
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chal l enge. Saturation of c-peptide secretion was observed after 60
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whi ch remai ned saturated at later tipg points (Figure 8A). W also




[ 00109] AIl publications and patent applications cited in this
specification are herein incorporated by reference as if each

i ndi vidual 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
shoul d notPO98] cofgteticad 4sswan adni ssion that the present invention is
not entitled to antedate such publication by virtue of prior

i nvent i onfool1061L10] @mxeﬁiaﬁs%mﬂ&y%sﬁ%gmmxﬂ Eﬁeﬁs \%&%%hfﬁh\}\@t//ﬁﬁ'ﬂ @RencyeN

given in terns of percentages, include wei

wei ght / voPRiHEY wﬂwe plafes 4idpashdd b ariomie tbwsesay pae é@%twwash[eém@ﬁ%
used in tml&oﬁﬂo&%&d;%ﬂ& LRByRRch %Ai'@) ?ura ﬁiuf?'e{% Thd €18 AGS kAlied

forms "a", and "the"inclu erence unl ess the cont ext
clearly thﬂtl a@%%n%Mﬂéwwog@n, U%ﬁ)déédmi ﬁnalhmsPBﬁo@cil@ gt Thon waredwashed
appended GlealBs 3 408 A f i R0l B¢ were SRRSO uorkOIRLEGESpp AN
other forms of these terms are intended e non- |mt|n "AclUsi ve
sense, t h#ith{CED Q@ermd“h@udledlpalr‘msmhhmedrt@@ hymdonsd mmsm@ﬁ%cxfm‘b@hent S
wi t hout eyl lydi- t nl.ess. d S

ot her w se a t%gah%l%alﬁa%g eg%:?ag% 8{ e%@ggés #ergl n hg/%ﬁea&
same nmeanfofigvaees (Molevrdar| Bevised e t GAd HS’A)OW& ofedop dhermmy thi iflubrebeentehe
art to Whﬁ]ﬁ | s invention belongs. [00112] Al though the foregoing

i nventi on nas “been described in sone detai | by way of illustration
and exanpl e for purposes of clarity of understanding, it is readily
apparent 0810hbse ofPeptidé pssny fokiihsulinnmedporamenti Flicogghdepofidenhmsulin

t eachi ngs,of i

oy be meiet i el BB AP nlbilnaf Ry Br GRS BRI T Tkl SBL) OB, |
appended pdrformed oRdlicebasircprinciple of sandwich ELISA. The c—peptlde ELISA k1t was

obtained from Alpha Diagnostics (Cat, #040). The medium was collected and analyzed

aéé

for the c-peptide secretion. For the cyclic induction of insulin sgcfetion, the cells were
exposed to a high glucose concentration (20 mM) for 1 h, followed by an exposure to a
low glucose concentration (5 mM) for 1 h.

[00102] Undifferentiated proliferation of hES cells s

[00103] ECM was extracted from cultured MEFs by lysing with 0.02 ammonium
hydroxide. After complete lysis, culture plates We.re washed twice with PBS. hES cells
grown on a MEF feeder layer were trypsinized and seeded onto the ECM laid by the
MEFs. The hES cells were cultured for 10-15 days and then subcultured onto ECM 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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1. Singe, |I; Jandial, R Crain, A N ldchah, G Snyder, EY (2007) The
| eadi ng edge of stemcell therapeutics. Annual Reviews in Medicine
58: 313-328. 2. Findikli, N, Candan, NZ, Kahraman, S (2006) Human
enbryonic stemcell culture: Current limtations and novel
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di f f er ent¥3ti B AQE Ar6\axsresied rin Res differtntiziéd HPFSCs 2BBicating. th @rodRnal

D Ercol e, tyhde (A0 nd La- Like factor _actiops durin
devel opnent gfﬁ%eﬁpal rb??%ﬁ?’cg%#'s angﬁ%rglogagsna’yf orgvj FRec é?\t'gﬁfl the
nervous shEttierelity okihgsndifferniaeiRpopimmat utBB: cells.6A waler tBpAQRsay Wi

Her nmat i - RraMA0 0 Yembhsk2 9982 1@ Shik€ %r;}é?e%{igl £ %r(aanné‘pgl“? lﬂlatser from inside
to outside with the help of AQPI protein. When the calcein-loaded cells were exposed to
a hypotonic solution, the surge in osmotic water into the cells transported the calcein
back to the outside of the cells. The cells lost their fluorescence intensity during this
process. Therefore, calcein intensity was indirectly proportional to the water transport
efficiency. The intensity at various time points was plotted in Figure 3A. Human
proximal tubule cells, which served as a positive control, took ~ 45-50 sec to lose 50% of
the calcein intensity. In comparison, the differentiated hESCs required ~ 95-100 sec to
loose 50% of the calcein intensity (Figure 3A). Tubule formation on MATRIGEL™
(Figure 3B) was also an indication that the differentiated HESCs have the potential to
form kidney tubules in the presence of the appropriate ECM. Immunostaining with
specific antibodies such as Megalin (Figure 4A), AQP] (Figure 4B} and Pax2 (Figure 4C)

showed positive staining, indicating that the differentiated cells expressed these proteins.

[00106] Differentiation of hESCs and hMS cells (hMSCs) into insulin-
producing cells: The ECM from the rat insulin-producing cells (RIN5F) was used for the
differentiation of stem cells. hESCs and hMSCs were seeded onto the ECM, and
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
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towards differentiation: Lessons from nol ecul ar enbryol ogy. Current
Qpinion in Genetics and Devel opnent 16: 469-475. 9. Berry, MJ, et
al. (2006) Mesenchymal stemcell injection after nyocardi al

i nfarction inproves nyocardi al conpliance. AmJ Physi ol ogy Heart and
G rcul atol v, Physiol ogy 290: 112196-112203. ~10. Murry, CE Reinecke,
H ' Pabon, S RIeRatEe IRKBEHE Bt ToRay B8 o pimside waihosaisorfosPeApesivs
and car di gfls/ SRR maghi | {&@Be : | \ : :
11. Lange, C; et al g%u(ﬂ%(a)%%) Agnssﬁ?%?g%e Iﬁgégﬁgtﬁbon%?mg%esﬁ] cegf%@
enhance r&Beidp potitadin (Figures 66t and Hpdimrhel gniningdwide §lue anébode showed

failure | fpiedlSasnlfl A0RMaMNoBANAL (OB, 1O bl B fentin) he 8D Hr e
|, et al. (2005) Bone nmarrow cells er'entiate 1n cardrac cell
| i neages Bfdiarpredichecellovin the ddfsemteed byol of celdd, FALSsVBmerfoimedubigt £-on
Research Q8i4l 24013/ & &Mook al 0(2%{0&%, Effect on.left
ventri cul %?_ functi % 0 éslserl\rtlagagcor olna?dy trar?gé At /f 8%P%S?hvaeu°teg? ngeléeus
bone mar r §wineeésfenchy miffersittiatpdc BMISCh reng abESTY srespiettivelyc (EigurayDe altdseal
infarcti O@ffefgﬁﬁﬂed%ﬁg{vgﬂe%gﬁy%ﬁ:fo?tﬁéi? 15e'sponsiveness towards insulin secretion upon
glucose challenge. Saturation of c-peptide secretion was observed after 60 min of
exposure to a medium of high glucose concentration (20 mM), which remained saturated
at later time points (Figure 8A). We also observed that the differentiated cells responded
to cyclic exposure of media of low and high glucose concentrations. The responsiveness

was maintained for at least 3 cycles (Figure 8B).

[00107] Differentiation of hMSCs into osteoblasts: ECM isolated from
osteoblasts was used to differentiate the hMSCs into an osteoblast phenotype. Successful
differentiation of hMSCs into osteoblasts was confirmed by gene expression analysis and
immunostaining with osteocalein antibedy. RT-PCR analysis showed the expression of
osteoblast-specific marker genes such as type I collagen, osteocalcin, and Chfal (Figure
94). Immunostaining with osteocalcin antibody showed positive staining, indicating the
expression of osteocalein (Figure 9C), Differentiated and undifferentiated cells were also

viewed using light microscopy (Figure 9B).

[00108] hESCs cultured on MEF's ECM: In an attempt to simplify the
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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14. Nakano, K; et al. (2001) Differentiation of transplanted bone
marrow cells in the adult nouse brain. Transplantation 71:1735-1740.
15. Kopen, CGC;, Prockop, DJ; Phinney, DG (1999) Marrow stromal cells
m grate throughout forebrain and cerebellum and they differentiate
into astrocytes after injection into neonatal nouse brains. PNAS 96:
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Pot ent i al 25@gdmissige fhpbthe reesen inventiopris di entittsd dmenyedage sagh Sticatiopbir ol
17, 2390-%@;01(3.3?)&%]1%&8. Wwang, G et alL Noggi n and bFGF cooperate
to maintain the pluripotency of human enbryonic stemcells in the
absence of feeder |ayers. Bloc/thin Biophys Res COVMMIJ71330, 934-942
(2005) . 180110} ¢ enGencenivptions siypn invhis spacifivatinne when giren ialters ofidul t
human nes ; ; L BACE . 9 féo({;ﬁr ; - 143- 7.
20. Chen, ﬁdﬁ%jﬁ??hﬁéh%%g%ﬂj‘%ﬁgq ﬁa’ %lcllg@e nt i at/ %oaﬁgﬁlﬁéé%&%ﬁr ow
nesenchynﬁ’l"’)@?@%‘f%‘f‘-l S into pancreatic islet beta-cells. Wrld J
Gastroenterol. 2004 Cct 15;10(20):3016-20

[00111] As used in this specification and the appended claims, the singular forms
“a”, “an” and “the” include plural reference unless the context clearly dictates otherwise.
As used in this specification and the appended claims, the terms “comprise”,
“comprising”, “comprises” and other forms of these terms are intended in the non-
limiting inclusive sense, that is, to include particular recited elements or components
without excluding any other element or component. Unless defined otherwise all
technical and scientific terms used herein have the same meaning as commonly

understood to one of ordinary skill in the art to which this invention belongs.

[00112] Although the foregoing invention has been described in some detail by
way of llustration 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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WHAT IS CLAIMED IS: 1, A nethod of directing differentiation of a stem
cell into a pre-selected cell type, said nethod conprising culturing
the stemcell on extracellular matrix extracted fromdifferentiated
support cells and in a stemcell culture nmedium cOrprising medi um
conditioned by the differentiated support cells to pronote
differentiation of the stern cell into said pre-selected cell type.
2. The nethod according to claiml wherein said stemcell culture
mediumis free fromthe differentiated support cells. 3. The nethod
according to claim1 or claim2 wherein the differentiated support
cells arc proximal tubule cells, pancreatic insulin-secreting cells,
ost eobl asts, neuronal cells, glial cells, hepatocytes or nyobl asts.
4. The method according to claim 3 wherein the differentiated support
cells are human proximal tubule cells. 5. The nethod according to

cl ai m 3 wherein ‘?ﬁ‘é TH F48 R at ed support cel | s are pancr eatic

i nsulin- secretlng cells t hod accor 3 wherein
the differentiatled §UHﬂBFﬁHE?Wﬁgﬂ%E@mﬁngﬁﬁwé m?“ﬁ?%éqhﬁfhod
according to anwxémehﬁdﬁor@hmmwmaohe@mAD@weFmrdqclh@rmwwﬂ frgms  an
enbryoni ¢ st em Gfrelentied SipfiR SANGH YXBEm Sdil@iMueededium coiprishg Redi®i hod

according to cl %{g\uzneme% remga &Lp%mcéﬁ?opmhlaeaffémmenmpgmwc stem

cell. 9. The neg accor %m l'aim 7/wherein the stemcell is a
human nmesenchymdi™ &t @ﬁﬁ@?F e
2 The method according to claim 1 wherein said stera cell culture medivm is free

from the differentinted support cells.

3. The method according to elaim 1 or claim 2 whereln the differentiated support
cells are proximal tubule cells, pancreatic insulin-secreting oells, osteoblasts, neuronal
cells, glial cells, hepatoeytes or myoblasts,

4, The method according to claim 3 wherein the differentiated support cells are

human proximal tubule celts.

5. The method according to claim 3 wherein the differentinted support cells are

pancreatic insulin-secreting cells,

6. "The method according to clsim 3 wherein the differentiated suppott cells are
osteoblasts.
7. The method according to any one of claims 1 to 6 wherein the stem cell is an

embryonic stem cell or s mesenchymal stem cell.

8. The method according to claim 7 wherein the stem cell i3 2 human embryonic

stem cell.

9. The method according ta claim 7wherein the stem cell is a human mesenchymal
stem cell,

10.  Themethod according to any one of claims I to & wherein the stem cell is

cultured in a Hssue culture plate or sulture flask,
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10. The method according to any one of clains Ito 9 wherein the stem
cell is cultured in a tissue culture plate or culture flask. [|1LThe
nmet hod according to any one of clains Ito 9 wherein the stemcell is
cultured in a bioartificial device. 12. The nethod according to
claim1l wherein the bioartificial device is a bioartificial tubule
assi st device and the differentiated support cells are human proxi mal
tubule cells, 13. The nethod according to any one of clains 1 to 12
wherein the stemcell culture nmediumconprises about 45 % (v/v) to
about 55 % (v/v) nmedium conditioned by the differentiated support

cells.
1. The method according to any one of claims 1t § wherein the stem cell is caltured

in a bioarificial device.

12, The method according to claim £ wherein the bioartificial device is a bioartificiat
tubule assist deviee and the differentiated support cells are human proximal tubule ceils,

13, The method according to any one of claims 1 to [2 wherein the stem cell culture -
medivm comprises about 45 % (viv} to sbout 55 % (v/v) medium conditioned by the

differentiated support cells.



