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WD 2004/ 108910 PCT/ US2004/ 017284 SELECTI ON AND

PROPAGATI ON OF PROGENI TOR CELLS Cross-reference to
woedoatiesd1Appl i cati on The present application cPEi/Is2004/017284

priority to and the benefit of U S. Provisional

Application Serial No. 60/475,553, filed on June 3,

2003, the entire disclosure of which is incorporated

by 1 ef SREREATRN AND PRORAGATION OFk ROFINITOR RS

generally relates to nethods of progenitor cell

sel ection, propagation and wuse. Mirre particularly,

the invention relates to nmethods and conpositions for

produci ng a popul ation of pr ogeni tor cells in vitro.

Background of t he Urasseiaferense inRalated:Appligatéerbr yoni ¢

stemcells are the subject of intense scientific

i nt Ereepresdné epplsetiaf clainfgiriorivyp toeantd the bemfie of B.$ drbvisional Application

t api tential s ell source is the.stem
serig §onPYE T ot e ihech 2003, B e yifiBeirdak pichat Heerporated by
refedériddMsreidionever, the use of parenchymal progenitor

cells has been hanpered due to difficulties

associated with their selective cultivation. For

exanpl e, a major issue iAcelmicabEiold| i shnent of

progenitor cell cultures froman adult pancreas or

cont it ofton gnb ey ot S A A oPLll setion, propagation and
usecMlotd pertculapy,abemeentmhn rdiafek es arthods andeaapositidnd dor producing a

cells. Cultivatign of islet progenitor cells is of
poPB&F@P@@PH?geW?réFﬁ%W W&oq potential treatnment of

i nsul i n-dependent di abetes. Attenpts have been made to

cultivate islet cell spg&biongd of HRMv&itmaoci at ed

pancreatic tissue in serumcontalrning nmedium However,

the majority of serially 20 propagated islet cell

popdilult mgnbmygmc@enb@ﬁlig affpidie saljectmf anteiserseiehtiac interest because of

. Cl LD dif Latedp ri] .
theff GPRAOROR T Bl Bieet s b SRR CERE S 8 e pud progenitor cells
thatmalrallyieesiiedn efaturbovdans. Hoakverpth La€ bf paréreheimal ﬂ@@génitor cells has
beeggpul ation that _gives rise o, ﬂot only .islet cells,

. Y. . Cf
emgpred die ihahlicuines aspctased with fheir sgiegtiy kifiyation. For example, a
e S o fA AR FORRH B RS TR RAORALIAL o adult il
tissus Bghe eVdrgroafth efitonyaninating nayi-paendhiyotal eglktyped andaht yontinued
hi gh 25 in progenitor,_ cel]. nunber, while it is nore
Pre%ﬁng? Pg‘g‘ﬁeret“g‘a%%ﬁi’%qdzcéh%nd control progenitor cells
in adult tissues. An islet cell popul ation capabl e of

Pr oduigivBiGorl HXSiYllet Probhitor ¥&lIsNaST PRABulsEBEiiPESa pMEhtial treatment of
2004/ 108910 PCT/US2004/ 017284 = - 2

insulin-dependent diabetes. Attempts have been made to cultivate islet cells derived from

dissociated pancreatic tissue in serum-containing medium. However, the majority of serially

propagated islet cell populations display only moderate proliferative capacity and retain
differentiated properties. Fetal-derived progenitor cells, which are propagated with the aid of
bovine brain extract, yield a cell population that gives rise to not only islet cells, but also acinar
and ductal cells, and likely represents an earlier embryonic pancreatic progenitor as opposed to
an islet precursor. Further, the method uses cells of embryonic origins which are naturally high
in progenitor cell number, while it is more difficult to characterize and control progenitor cells in

adult tissues. An islet cell population capable of producing insulin iz vivo has been described.
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Wiile the nmethod allows for sone degree of propagation
of islet precursor cells, the cells require the
W@ eovgansdt@nt co- propagation of stromal or "nurBel/UsEY/617284
of a different tissue type such-as the ductal cells,
which represent the majority of the cells in the
Whele e thethodlallews edri sﬁﬁler&?ﬁ:@ of Eﬁipagﬁi%ﬁroﬁdl&'])ré@ﬁr%i’ dalls, the cells require
usi ng, for example, cel ers, have beén .5 used
the sancegitany eo-ﬁtwﬁg@wnmf@gemak @r“n@@ef cellspdlaatiffenqst tissue type such as the
lon, results onl
duclt_ﬁ\é@lﬁ? RNhléh ?re?&{t él%ér &h%nt c?tl tile ﬁgis 8&]1 o‘f‘ﬂ?f “m and y
pr ogeni tor cells. None of the research has
di sAlteguaiiehadchaaicabeipatation p’redgﬁl iumg, fbﬁb)kﬁnlﬂél,d:eﬂ @irkers, have been
tural . offspring, the |t a cells, in
use?ﬁ%%d%&r %P OBt mexgeﬁ Dptionsr W?ﬁelé if paficial cell selection
I nt
restlR dnly REPKIRoLEMY %ﬁ*?*%%"f’ﬁg?la?%%%?ﬁt SRS A
of a progenitor cell pool over gromﬁh t hrough transit
anpNphg efathe mseartrh amcﬂlstmmﬁhbd bstineen thelpregdnivecdlsgndwidir natural

offf 1?1 tg[:?( tsﬁfa al,m]? : ?n\grfs%?ﬁ? [4}{1?} %astéa? e@a@#{gﬁ Ergﬁfeé?{wg epithelial cell
poptilifioh RULEiAPR Mt adfe heRaBIT ¢len6&|pridr ﬁiéﬁ{dé‘l’s ﬂ;) YetHagor the

et al. Current Neurovascul ar Researchl

(2
mainignapgecafia Pregrnjier eplbpral oger gpvHeihregh manahampieﬁcratlon Transit

am% ﬁ‘g&g%@% %{avéegﬂe?r K/‘ﬁ% é%)%? ?%%nha% :% s%ﬁ lhp% V\%%f% @chghey are naturally

mhrbﬁnt}riol skdnm gelt futivgBoe aad ¢mna¢thb>@mwmoiqﬁmgmm télls (Hardin-Young et

al. é&?’pnt %@qu%gzgllars g{;@tﬁ?&d ?2#5{;%) ég{pg’%f@b%? gﬁé}%}z Iof gnzmal and Plant Cell
Tedﬁ%zp%;? NFRCR (%9 ybﬁ{l ﬁ&é t(?%qugﬁél Ué:lf"%}défé’/gﬁo@ d growth while

progenlt |cu
contrallinglih¢ generatopend enovetth of llranh’eampltfgIMg(Dellmbr the zarvival of contaminating

epithelial cell culture. Thus, .there e S eed
cellg bt GtEs Hhs oL PRs T tHPAce O Gl Py populations of

aduffpr 1t012QeH§ efthfs Rfidty el RAE By VR labiti gﬁf&lteﬁéedCiﬁ |t111e3pract1ce of human
capa I e of prolonged ekxpansion in vitTto and

epitheligd el qulitwa. with high fidelity in vivo. In add| t| on,
there exists a need for generating such cells from

mat 4l & {h%pﬁuéx{lstgg ﬂeéheﬁ))ggih?eltﬁodttio ?)?(?cﬁlbe ? %Ql?g I%Jre ¥\4H111 the majority of the

par enchymna SSues MVent

cellp being parenovenilippogpitoy telie %amdmﬂiﬁolbﬁ ecls@dpaﬁéwmgz A6 and organ
expandi n enj.tor cell pop ulatlons derived from
reg@{@@q{@péyl%b 1gg%@p{1tydg PBi9e ﬂx;, ﬁ@iltlpm,ggqyg exigl§|amsea §pr generating such cells

froﬁ%‘ri’éécglgl @ﬂga\l}{gllf g%%&regéspgﬁk lsﬁ}o#}fenévlﬁﬁqakﬂé’s\‘f\:lgé' on are

i mpl anted in VIVO are useful to augnent, repair,

restore, or replace a di §Moﬂthmmiom ssing, or
ot herwi se conprom sed tissue or organ. WO 2004/108910

PCT I%Szrgge%lt %%zr%t‘?od'n proéldes methods for selecting and expanding progenitor cell

populations derived from neonatal or adult parenchymal tissue. Cultured populations of
progenitor cells of the invention are a readily available source of cells which, when implanted in
vivo, are useful to augment, repair, restore, or replace a diseased, damaged, missing, or otherwise

compromised tissue or organ.
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Met hods of the invention provide culture conditions

that pronote selection of true progenitor cells.
w@\ecwanaiong to the invention, cell culture condPCT/ORR04/017284

are selected that undermine ppre differentiated

cells, thus releasing the inhibitory influence that

rmor Wletioflf 6f @Rtihaheen pRIVide cultefd@ntiiioRa Rt ARNIAEsAERWI DL true
of progenitor cells. The result is a culture that

Progniefasis erqeordiag fodthe B1vgntiem ceth relgire ongitiensgupsrdeatechiat undermine
mofé'lﬁffglfeng}gtgﬁ b?L Zﬂlug éﬁ?&%@{ﬁt t?% %Iﬁel%l#lﬁ% hﬂﬁ'ltencc tﬂgt r{noretcﬁffé‘ren‘clated cells

M) orit | nven

normally ays ad the ganvythsfpuspehiteiccetly] The eesalo ik éulm&’@thhhﬂlows the formation
|nduce a &tress resgonse in the cell culture to

of co{puss HEPRHpg yaditisrentiatedpregeatey ealle that serstitite pmapjority of the

cellyc%i er’J.FHe invdMtigd %Pht%fﬁg 1268 dny QL@ free LR Léﬁdlt ons that induce a stress
condifions are se d o Yhat once a popul atlon of

resp:unsg ﬂrmhb oell cdéire s h@prdsethe eomghidch oﬁmsmubff&pmtéd cells yet permit

di f.ferenti at n be_.i.nduced, her in vitro
proiasy celh Bronith-n BisaY- G ILBES GE Selgried ot e 1 RSRUIAiAR Of progenitor
cellPhAIBIR PRLE RkdRLspE&tt dBTRMALBA @arpﬁghhﬁ{ﬁéha&%r n’tavztro or in vivo.
preferred mefhod for propagati ng progenitor ce

i ncludes a serumfree nedium that induces apopt03|s
or Alkougbianyiset aftealtaefcpadisions et mgn@tﬂmrogemtor cell growth are

con%n%l%? n} ge%%d %?e!tﬂlod fogﬁe (?gtl ; Hr%ge]n%cr)]r ¢ Illa %(Xlil eg lgltslejléllm free medium

that€ih s ap@tcslym I&l@ﬁisﬁf in tle @iffetentiagigOasl/ drmlﬁéréﬁiatécpcdﬂsa@ells may be
the culture toward progenitor cell activation and
initigllgwiiuredn & stripgenypsigasy MsdivsrMithdewar o ksl efesdtier calcium and/or
gro{rar/gﬁ f(’;lf;ﬁ')‘f?ﬂl c?aéjr th I%?ag glﬁf&g@%% foatair(g ’olgtéiﬁgﬁ( @gl? ?%tfxfglFlgﬁ altuf' growth. After
progasmpageit gebwith has b@nmmﬂaﬂegl andritrei pragentton\wels evpdidito behiht majority of
c be les ent than.the primary, nedj um )
the Bhan a0 Tt h iR RTRNAGH 1t hoccOBTY« MigmBh §guH medium that can be
lesscﬁllnllgen’c:ﬂfah W EpriBYry RS iR th%ﬁ%I byirrefdiiht b Phe resultm% progenitor cell
fferentiating factors in a tertiary nediumin
culqmeaseﬁ be puimapdby hdditigr ofiffefeatstingsfactdfs ilattentiart medil, in the
are harvested for use prior to

t ||
mﬁ%??%@f%ﬁ?&%&&% ﬁﬁ? medi um conposi tion that inhibits

growt h of dlfferentlated cells is' contenplated as a

MeanRerh@fivedR 26 @nitbbcells afy RGRRtddTor §R| driod @PdifRtdn@Btion. Any medium
according to the invention. Reducing the concentration

compgition thasfinkibits gromdls of Giferpngioie celisds spnemplatpdes wayeans for generating
a pl%‘églﬁﬁ)? lclal\?vg yﬁﬁé@ong&%rdﬂ% i fn'v?r% elﬂedﬁ&ﬂg ggeor élag‘ntratlon and/or
effdctiecreanclgrowei faotorofs one kiagito acconplishéiis @eal NBihibitihy cell adhesion is

ronot e _grow h of dlfferentlated ceIIs i nhi bitin
anoghey Wagd AT RT ogwaﬁgmgswph at edpeing therenepntiatien g ? gertain jons that
| t a
1o %ﬁgg@ JE \%?o&ﬁg of d r%?%ﬁe?icell? i Hﬁfng%kﬁl oyeegfon Eﬁ’angmg culture pH,
andgrthdre alreddlowmbn (ﬂlncmﬁfnt Of omtrém dsombmahen Dflatqrthesenndlwdual techniques
C rise providing in a serum free nediuma primary
ma%g{:rg fﬂ Fgrr e that includes a progenitor cell and at
| east one of a 30 differentiating cell and a
di finey srefdrt @ehvelinhent, EHEdS W the BivERRR JoBPRRE PR VIdIng fa serum-

primary cell
free medium a primary cell culture that includes a progenitor cell and at least one of a

=

differentiating cell and a differentiated cell; inducing a stress response in the primary cell

culture that permits the progenitor cell to replicate and suppresses propagation of the at least
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culture that permits the progenitor cell to replicate

and suppresses propagation of the at |east WO
wQoe4naP®10 PCT/ US2004/ 017284 -4 one of the PCT/US2004/017284

differentiating cell and the dyfferentiated cell; and

identifying a popul ation of progenitor cells

ond FIRe &ﬂﬂ!%ﬂanfhﬁﬁﬂ% tdIParddaRb dFRkdrRRRAIL; &fariaéﬂtifyﬁlg% fopulation of
maj or i |s in the primry cell culture. ﬁ

Progesites G@Y&myﬂnm fratiethe repbisatisin thetsloastitntgs p mujenitiytoicells in the

N T R e

prifhagwell woRure#ha dghum the $&1didtBproberi céls t@@ﬁ@@@l@é secbh@ary cell
secondary cell culture may be maintained in defi ned

culigis therughrmodetsihithe FUl Ressagast dbppeseadary cgll CuEl@P\mﬂé'rbe maintained

fur
in ctthed Qutite BN G Butalt i, B MR FectVof 0 Ytk stutathione.
Thepmpthbas map fadher robgierd dteyy oftstindudatingrdifferpnigdtimrof dhe population of
enhodi nent, serial passages are perforned when the
Progenitoraelfsy cell 10 culture is between about 60%to 75%
confluent. The primary cell culture or the secondary

cel i Lprbfeied eﬁﬁ%dﬁﬁeﬂeﬂﬁﬂda@@a@eé ate HBRoRERSERGENE Se@ndary cell
matri X conponent such as col | agen. A preferred stress

cuhrue@p @n‘s’eeenmbg@te@"/aboﬁ% spuflugntl/ Bhre prévarysiel cituretve theedebondary
ture, red nedi um

celiifetéiey &7 Py R e TR SraBios PT il oefRsnet o gafipeen

no or a lowlevel of calcium Any cell type may be

used prefeged stk eespbise iidurs ypopttsisting/or BEErodib in the cell culture. And
ancreatic

a PiSGirIed Priciy mediim Bas sbaeAllaior  ifoeler oRorEsh eRerctiand o or a
| /
B0 B L AOBLS GLSORH 02 P
epitBelidl sells &re (pmd:fenedad: d. ,qranareammlls;jﬁ\feir celentnd ep@emﬂl adlB. A
| |
prefbH Biecha] brp BB aIoE] PPB AR 7L HOVE QT sy 80%
progé}fi%g balG e, Céfls sendithie@ @@f d t‘i’m@b agi’\g);g%nerate a population

ormationof differentiated cells,
of proganafaséelly. di fferentiating fact ors The i nvention
provides a substantially pure population of nmammalian

pr ropagat.ed in viiro. from,pon;fe
e o e R e P
conditidme i biagtdWard Feradatiog ofldiffeRin€sted Yells? SudhWs iy ihdigadisd et
dﬂgro enitor cells in vitro according to net hods
1

egdtingsacigbove; and transpl anting the progenitor
cells into a marmmal . The foregoing, and other features

an dfl?éji\’l%ﬁtﬁgﬁﬁoﬁﬁest abﬁlbisfaﬁﬁfmyi e p@ﬁ.lléffdnl ofqﬁarﬁjlﬂglian progenitor cells

propagated in vitro from non-fetal tissue.

Additional methods of the invention comprise preventing or treating diabetes by
culturing islet progenitor cells in vitro according to methods described above; and

transplanting the progenitor cells into a mammal.

The foregoing, and other features and advantages of the invention, as well as the

invention itself, will be more fully understood from the description and drawings that follow.



10

15

20

25

invention itself, will be nore fully understood from

the description and drawi ngs that follow WD
wQoe4naPe®10 PCT/ US2004/ 017284 -5 Brief DescrP@r/usmoeh17284

Drawing FIG 1 illustrates celks related to

parenchymal generation and a nmethod of neogenesis

using a progenitor ceBliefObriptidifofdiawidds are not

necessarily to scal e, enphasi's i nstead general ly being

placed 5 upon illustrating the principles of the _

i nvBiG-ilgHustraes cglly saletad ispasenchiimal ganetation and amatleod of neogenesis

: I by reference to the description
usu?éié%g:sﬁﬂ%%%?%ﬁ@?i on with the acconpanying draw ngs.

Detai | ed Description of the Invention The present

i nVE drawingsave nesecessariigite scahe eimphasid insteabperieriliytheing placed

arench | progenit .10 cell__popul ation that is,

WO@&B&%{@E&%@W@W@% e p‘%% WhiERIaese oh Mrsipyrntion can be
bethé hRderRB6h BY BftendeA8RSAALHMbN ke i RoRfHctd¥ewith the accompanying

resul ting conpositions. Methods conprise culturing

drapiigsary cells in a culture mediumthat fails to
support the naintenance of nore differentiated cells,

yet permts the g h .nansj,an_of .t he
under | yi ng progeni A QHI%B t B Qresult is a
culture where progenitor cells constitute a majority,
or vhejﬁlesa]birwcn@c%rhprghﬂes,rilﬁ pme,nhftg@ds for %btainﬁ%o paféhchPial progenitor
80 15 percent, of the cell population by number, In

cell g drisiapatln of sf-posizinadpnd Treloned sesHen i }ifgjo and organ

e PR o e RaRE bahbAM . MARR cbilerPlitfring primary cells

in aprudipegatddmftbat faild to pbpopesagesnante défonedifiecentinted @aBs, yet permits
and, . when desired, can he. expanded for c]i.nic )

the R EXERRIOn U SE Y P o o RBE OB Thiygesult s a culture

whérBpESPehBEY defls bRkttt 8 Ynaj Mt?}’ér%ei%ra‘b%@g'h@he?ﬁ&‘céﬁ%e? e.g., 60, 70, or 80
source of progenitor cells"that can’'be used in ce

pereemgrod pheceell mpultion dpinnmber dinlone efmbpdigment; wenedllooultareis a substantially
derived fromany.  or or tissue containin .

purh S bRt P aiCn A lip el e MBS ST ek fhrgpmpgpnitor cell

popltioA@d probidteidfot thuli@pl6 phdsag@ il Hefiie@Rof@fibNEshd, Wheiesired, can be
pancreas, |iver, gut, heart, kidney, cornea, skin, ‘

expardadrfar cliniead freatment.sRae of te advaniagss obmatheds of the giventien is that they
' . ' fi. .
pol 3 BRSSO B R B B8l y ) i
parenchymal |ineage, e.g. pancreatic islet endocrine
| i neagenitdr icelés offthpatventydreare dbtivedSrdm agpgrzan of tissue containing

]pare | ?ng\re}ggqll[lé gg@b&éf&%g %@tggggl%gg bétgﬁ)g lig{iﬁeé ;iio,?@?cell population derived
frorglg)gﬁér.b&‘] el bSHEM, kf@l%ﬂ,%?ﬁe‘af skif @etﬁ{a‘?ﬁﬁ@# ee{é,nék%@ia{l Mlscle, brain, or

s on the propagation and activation o
glatsode nipreferredeéhbodiment, the population of progenitor cells gives rise to cells of a

specific parenchymal lineage, e.g. pancreatic islet endocrine lineage, liver hepatocyte cell

lineage, or epidermal cell lineage.

Referring to FIG. 1, to achieve neogenesis, i.e., de novo generation of functional tissue,
methods of the present invention focus on the propagation and activation of a progenitor cell
population in vitro. In one embodiment, a primary cell culture derived from an organ, e.g., the

pancreas, contains multiple cell types. Resident stem cells 10 are slow-cycling cells that give
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popul ation in vitro. In one enbodinent, a prinmary cel
culture derived froman organ, e.g., the pancreas,
W@ eouansIso mul tiple cell types. Resident stem ceCT/BSZ04/017284
are slowcycling cells that gige WO 2004/ 108910
PCT/ US2004/ 017284 -6 rise to progenitor cells 20.
riseft6 PERhHG ceH§ L0 S PR A& RIS DRI tintthhllyPlieREcnfkRE BB 4Rl make up the
and make up the proliferating cell conpartnent
prokifesgiimgsiel lcempartmentyasponsihlerfor atgan regefitretion. eFhacs¢thsell9]0, which are

which are ..slow.cycling are distinct fromthe . o
slo Ty o iR T s Plireict i i Stma P i fopmsitproagifying cells
30 BeRkd 6n detiBasaaal AfudkRY gdreRRBREAbn Sid/aipafent £80Rtion by transcription

expressi on and apparent regulation by transcription 5 o
factpese t%esxrzrogqmetomﬁge?m one agtivated, peneratigdransit amplifyag cells 30, which, in

r ' ifvin I 0] &, {0 turn, .
tur SO GRS ch AT be TR e it el il gt pfmiced
diffehtistincetis.andiexBididigiGsifepli@tion. Thé paestiyhal téll 40 are maximally
..cells, and exhibjt limted replication. The

diffgreptigted fupstional|celds. 40 are maximally differenti ated

functional cells. According to one aspect of the

pre . .

o RS B YE A bect BT AL oDl Y PR L A ogencous
popolatisn @€ prdgenibadells canshe, cultivagid aussidevhiebody, iregliy virgp, sithout relying on

TN
worlds, Q86 Pdoehit&®lel1s o Phhe pRRBeRIAFRMbn bV I0MRhRYE s !f;l%_taiiﬁ?ed propagation
its

achi eve ‘sel f -sustai ned propagation fromcells of )
frorgwplls elsiéa vn (igsae tyRec degPrsifg o santhenaspeetsy dlag present fiwention, such a

: popcﬁ:{eaﬁ%g %‘g g%no%\éxgi%ri ﬁ%ﬁs %agnéigegse?ecte% gc:o ?rio glli)ltg e B9 1%?1: otg%ﬁeocf'ell culture to

selec y cont n he” condi
elintiRgte@e bt legdtlinhibie niode diffetdntipledatks, diclwling &i@tentiBlindédlls and

. nore differentiated cells, including differentiating .
diffgrentiated gells. A pdsiaataes af wih@anethododeeyaia hah e psrgeitonig adentified more

by SRR RERE shivohli e fotPbHaGiaL Uk by Bul UBMr i SbHF P fess at any
giveytimpyr toeeati@t. Ahothergliamtagy 8 sisat &hown yhechanisns for Mguldting cell cycles,

. Jlqcatjon. Another advantage is that kno mechani snms
lnclflgmgrdé@ﬁﬁlpgftalﬁglgée|ap0189%lﬁ g necrosis, Gen PrgueA e achieve the goal of the
inv@fichal ning to apoptosis and necrosis, can be used to

achi eve the goal of the 20 invention. In a preferred

enbodi nent, a popul ati on of substantially pure

epi Inlepreferreg endpediment, aqeiphkatios of gubstintiaty pure gpithediabgrogenitor cells is

ul turi a primary cell cultuyre of epithelial cells
profife th bk AltREH £ TPl bt o1 srieli Sah S Aty culture
medi@SPARSAdIRS b BReBbdpdnitih¢he clgl |vﬂﬁ@§de?§l’étw Bature, differentiated
differentiated parenchymal cells and/or

pargichympkells and/ay diffesmdiptingipsittapanigyips celés. Titng rpsponse alters the
o FERRTRB Rl e AL Y Bl LG i and ropasac

The ks tepensaiillspho pagadifferentibted sélisssuish thas fhrrssiltd dedl population is

the npre differentiated cell uch that the resultin
subgtépqigpyofﬁqﬂ oafttfiggep’éate& or di%ferentsla‘gng cells, and contaminating cellsg from other

tissue types, e.g., stromal, fibroblast cells. While it is not yet certain, suppression of more

differentiated cells may silence cell-to-cell signaling that inhibits the replication of progenitor
cells and/or possibly provide signaling to activate progenitor proliferation. As a result, the

progenitor cells propagate without any type of “feeder” or “nurse” cells from other tissue types.
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substantially free of differentiated or

differentiating cells, and contam nating cells from
W@RIWenosoto ssue types, e.g., stromal, fibrobl asPCT/Eb1084/017284

Wiile it is not yet certain, s#ppression of nore

differentiated cells may silence cell-to-cel

S gﬁ%ré A viabiBhis btRBE Wh sstotnli}ﬁn‘&)?gle sk8ld r@ oﬂfse DesREES l’\"is'ilglrobserva’uon

30 cells and/or possi provi de S|gna ng to activate .
Forwmgph; therexpressioh ef ahéas mhodtsoretenwwhta,cutelpeasepeaxgamgbm can be

pro i t hout any type of "feeder" or
measH’ffP?é an&‘%f?%orr ?‘%r? 8???§FCSP¥%S§ue types. WO 2004/ 108910
PCT/ US2004/ 017284 -7 There are various other ways to

NONDAOWay ReidehtiBSpre 2sn0ikse cHesy ILprogémitdd cells is to determine whether
observation. For exanple, the expression of a heat

the pHBRRY PHBTRFHlsTe uRfeagqinpagiva suitastsa Qthen Wepsriacladmobserving the cells
r e
R e P A R e i S RI  B e dloe, o thecell
culimed drel detectiog tet iacorporatioh of the BrdB ihtoehedlasingalthényctonal anti-BrdU
%el | s are undergoing active mtosis. OQher ways
antipady-ude obser vi ng the cells under the m croscope; or
addi ng 5- brono-deoxyuridine (BrdU), a thym dine
anahfgh a H1e- Jo'ﬂﬁu&ﬁlcl)longélf Bng@m?&‘i’:eﬁ?fs‘?&éﬂu@igd e primary culture, it can
i ncorporation of into the cells using o
be wpamtcldané luserhtoi es@bligh 2 saspindroyiyell afltuee cmnpuangslfmfstau’éaity

col o en| 0 S S i i fied
horikeiify PeofRpPECeisy Tog fecongich e Bt pEy 3h e g typp of cultre
mecﬁﬁﬁﬁi@'théﬁlﬁa@&ﬁﬂmﬁﬁ by usea! heditintthitgs I‘e@ﬂﬁhh?érﬁ'gThe secondary cell culture
substantially honpgeneous progenitor cel
ma@e@@rthepspgé@mr cells thupughrayltiplecapiages ane theypsegesitor cells retain the

abllrfrg é‘it) ﬁ{%ﬁe{%ﬁ? &qngérsg%%%ogénegﬁtr h leénggeo?})rﬁg 1 y%g)rc%emtor cells undergo

no 1etd thais five pRdshgedi Ns the progenitor cells through
nultiple passages, and the progenitor cells retain the
rgo neogenesis. In on

ab| to differenti de
}%/fgeﬁnt 11)(Vﬁ1ét1cm Bge g.p'g‘@p e r&pgt ﬁaoeq,%ate 1]56 Progstos cells to become
dﬁf%%??%%%%“%%%é? o RO A RAUIRY G S barenchyml
cellbe dberprogdnitdrexcHnanddor their detdrentiatingyand/or éfﬂerenuated offsprlng may be
)i fyi and/o differentiated cells, e.g.,
usegi‘?&‘ﬁ@%ﬁ% appi’@f‘ti(gls E;r'%e PHBYRHPES cell's and/or their
differentiating and/or differentiated offspring may be
Useﬂhl rb{i‘ I%dih@f@%’dz Oér%pﬁmﬁpﬂ’%]lé@ ?bt g@ﬁt&oﬁs dde d%sféiyibed % having, including, or
I npl antati on roughou e description ere
conwwptgsﬂp@mﬁﬁ SompeneIds; Of wbe@ paecersey iaprydesprifad.agibeging oincluding, or
congpgfggr{rgi %e a c%ls/%z ér’%g ﬁg&gﬁ?ongenlﬁﬁate&) ?ha\fmgr%os? 001’1% o%%he prgsent invention

alsc@agist esserfadiyes, sOrsbﬁﬁsn of] the rtited bérApeAtseand mat the processes of the
conposi tions of the resent invention al so_ consi st
pregegk Byyentin alsq,gonsist eseeﬁsﬁﬂgto O copfie of B Fesied BrpgessiIe: skeps.

and that the processes of the
It should be understood that the order of steps or order for performing certain actions is

immaterial so long as the invention remains operable. Moreover, two or more steps or actions

may be conducted simultaneously.
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present invention also consist essentially of, or

consist of, the recited processing steps. 25 It shoul d
wheonaoiet ood t hat the order of steps or ordePCT/082004/017284

performng certain actions is.gimmterial so |long as

the invention remai ns operable. Mreover, tw or nore
Prifily eIDCuBgtel ons may be conducted sinultaneously. WO

2004/ 108910 PCT/ US2004/017284 -8- Primary Cell

Culture The primary cell culture is designed to induce

a s'fli*eel%%m?réfé’ﬁg albutiers designed énindaes mefregheesponse in differentiating and
dlffg &{lﬁlé& @éllsaih@lqdﬁ’l lCL_)ﬁth £ ung'cgﬂs @&ﬁ&'ﬂs&?&t&ﬁ% 831! %en{n(]j progenitor

sue ty TYoCpermt progeni
cellp ltcopmgagaee kis b@lebﬁi 1hat/mtetﬂhtad1ffemeaﬁﬂgamd dlfferentlated cell populat1on

[ |
elsiharer g ang T e ated coll o atTen 8
Wltﬁ?ﬁckéé@n%(ila 87 €Thd g’rfesg ?ésiaoﬂ‘s)é G 11 ARG eSTRY delddhidh ?t&gss for the
i ncr easi ng rapidity. The stress response that
progemﬂtor a@lbsnmhbesméed:@dhmmlgh prvadety f frgrang, ier examplye by imducing the

d t h t
apogipsisarleY peSpsin oL tols e kRSt P PTREEY BUhEC gedium is
chehi@31§ degthé® - “CHenfEM]yedBRRed "RBAns tﬁzil@hepédlﬂﬁ% Meivhi éb%&ually contains

medi umis chenmically defined. "Chemcally defined
no eresithsfantipdly norservew pr ofigean eeigactsm la ssuiniembbdineanity, gherrsediom contains a

N T T AT A T ——

lessCthan §bcﬁ1|tl b8 /il bteyprefeesblplesgtambbordt3aiophE «. % fabdut 1 ng/ml In one
gromh factor is present, it is preferably ess than

emwém@ntlthe Aegdim compins SAMR pleratyng agents el anehnleratoxin and foreskolin,
oroBBT 1 e RN AR ohoRTE o SVROHL IRl ot
progefoncelisd foreskolin, preferably at a concentration

of 9 ng/rri) to support the activation and outgrovvth of

TRy SR i b eI el RT afRrsion For example,

the %i%ﬁ[ﬂ?ﬁ fhay cbﬂﬁlﬂlﬁﬂic%ﬁld@%hféﬁ W Bl YoliftiBit @t g&e%h%ﬂd k& disrupt cell-
known to”inhibit cell adhesion and to disrupt cel

mafmixtinieraction.e Aetavely At ineaddétdny winyor mecrosis &btlort4lplms, (TNF -ot), interleukin
- | euki
1-0q1 gRrlaP, P TS feromae it G2t G b e 1 B gl peide-induced
t 0S§ :
apo?ﬂ)gf% céltl ag%’d ﬁ%g bE gﬁfét{l}lgcti gfr((!élgﬁ lrﬂ}gﬂ c%ﬂoﬁio deBR Bred the like, to
disﬂuymednlcanllhbsmmdancﬁtexhsfamr thneirvilvel dfickee differemtiasedugeiiscel |

adhesi on and to di sfavor the survival of nore

—
-

differentigted c sone errbodl nts,. the nmediu ..
cort 3P RE SaHogun i 4re S G ACR o V4L 0T CLPE RIS T caleium s
pre&‘h?ﬁletﬁé chlfurk R AR ttHE Sor¥BRkd BN Jf Q@lcﬁﬁpﬁ%?éfé?ablyol@ssothan about 1 mM,
calciumis preferably |ess than about

e.g. bb@tmemalabl@ 0100® toaout 6. 9amM,|tIn@m9 emmplb,rthg ndcemamjicentratlon is
bet\%/Qeen aﬁ) uf b.HEnto e t5r aM M {ranother example, at about 0.08 mM. While not
wishing to be bound by theory, the low calcium environment is thought to limit the cell-to-cell
contact that is necessary for the interaction and maintenance of the more differentiated cells. A
low calcium environment combined with the chemically-defined culture medium and minimal
concentration of growth factors causes the differentiated cells to divide more slowly, eventually
causing those cells to undergo apoptosis resulting in a population of progenitor cells within the

culture.
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25 between about 0.01 to about 0.5 mM and in another
exanpl e, at about 0.08 mM While not w shing to be
whowmndosdyo t heory, the | ow cal ci um envi ronment PGET/US2004/017284
thought to limt the cell-to-celLl contact that is
necessary for the interaction and mai ntenance of the

oI ®fafly bp&seds bﬁi@fbs@seﬂela%ed Pth W 268k v In&RY bt OTHE Pimary culture
conbi ned with the chem cal I'y-defined culture nmedi um

mediHe crmrheréaslgn@&bmmﬁuamruenhar@ﬁ Sg¢1bpetﬂtrwaisac Pethavaya thebdown-regulate
he diff en cells to divi
such et et g of Rl bl BRees B it otqets oan be
blo¢l@du |Marfy&>ﬂtﬂes@ patipvly8 bile@dopdratdvcOaRINah B6 usad 1ln%oi'Mbhﬁ't16ns Examples
the  culture. WD 2004/108910 PCT/US2004/ 017284 -
of snelh§igap By redhvways Angleds the caspats patleveysathn Rel 2 paﬂlevam@nd the
e primary culture mediumcan be
an[edllgu]%lla Ogga{t hitiate or enhance such pat hways.
Pathmays that down-regul ate such stresses can be
dedTitd ceapd phthiwagiavgies,nupleat factor kipase ENF-ha®) whidh Biattranscription
apaptosis can be bl ocked. Many of these, pathways are

facfebﬁﬁé ORET ranshrdteddn thraglens, ackvalenbmsaptitnsol vaxanpganss including

h
thos ﬁﬁecﬁﬂ%ﬁl ng& f ' _ ngf;l h&%ﬁdé éé{agﬁ,eaﬁmlﬁlg%c?lg% %gq}gth factTB, cytokines,

lynmhbhmsy ch&hdqﬁm p@thetomahdsma;;ne iany othee factus thadreghiatd WF-«B, such as
kapp NF- V\,hlchlsatranscrlptlon factor that
tumgs @@crpﬁg Fq;(g & cqapbg q,déleqi, tthe @glturgé‘@qdygp da kill the dlfferentlatlng and/or

dlff%{eﬁﬁétgﬁ 'c@ﬁé tﬁﬂ) gfl t1¥ea<§as (Tqrﬁgégil ﬁﬁll ﬁg fa st IE%%]? factorg include TNF-a,

ecting t nset ‘o i'gen

TNB ke bk esducgis@itaporitasis OIFWEALW)E mrlemdl@obwai@hﬂdﬁcﬁﬁgshgands
chenpki nes, cofactors, hornone and other factors that

RrAeI@bI lateéleank@L) GQehllak0), Farkigands eﬁcm@t@wfla@tcmg RroiqE) ligands (e.g.,

APgaﬁf eren ?Jll Strg(gaﬁlﬁg fﬁc:? r%tfl g;[ ? (frﬁa gan g)ﬂ eg‘é?tP)gII? F] %Ug h
lipdpbB/s&hRads), reBtlated -updRcOiARdh ﬂéﬁhﬁl\/@-)ééﬂ e@x‘@s’@ed afd Refeted (RANTES),

include TNF-a, TNF-1ike weak inducers of apoptosis

intet femAKY.-g., TRIF-1) c1xadaid aid Gpsesirie4hiennine prajeinihasmhstase inhibitor) and so
(TRAIL), interleukins (IL) (e.g., IL 10), Fas I|igands,

D Apopt osi s i nduci ng protein ligands (e.g.. 15 APO 3L
and 2L), transformng growh factor beta (TG~ (3),
e n dl@ka@%pl@ésoﬂe@)ogtosm 1hﬂnbﬂmg|s}g$1aﬁﬁ%‘lpa[thﬂ@9s .that can be dlsrupted to disfavor the

ul at ed- upon-activation normal_T-cell expressed and

Sur% rafeqre @F&%WE@}G d ceflpingtudetenAKd - @edlaw#wg}l}lhnga&ea@wc and those
g i hr, t

actli@%%? l@?t%gﬁ E‘l‘é E%ﬁetsdo sﬁ%&ﬂ' %?g%@%l g{é&oagqﬁke %ﬁ{ﬁf—l. Possible ways to

inteafecptviih ittee AR shgrialing pSthglaﬁ inchglepae bﬁ\aRNAt lg&twﬂh&'ﬂctble such as those
pmgl sr.ypted to disfavor surv f nor

@H{chp AL ARHET %f&é’ofi’ﬁé ton ‘P rgqeggpr tyrosine kinase AKT.
Altéhgt'i‘\?gl* RUNRAIOADY VAN HAQSS thd %Bﬁlﬂ@ﬁcﬁﬁe Iﬂiis gﬁtﬁ%ﬁa?m% a stringent,

so- cal surV|vaI ki nases" such
defimod gneldhgn wety deaddo similar results. Another example of disrupting apoptosis-inhibiting

signals includes deactivation of heat shock protein 70.

Other environmental factors such as heat, radiation, humidity, and pH also can lead the
desired stress response in the cell culture. For example, ultraviolet radiation may induce cell

death in more differentiated cells.
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interfere with the AKT signaling pathway include use

of si RNA, growth factors such as those produced by
wa@ondaoaaosome/ par acri ne, and/ or anti bodi es to bl oRPRT/URE04/017284

receptor tyrosine kinase AKT..1pAl ternatively,

elimnation of growh factors that could induce this
SecBREMYRLIIWSIIAPe 2 stringent, 25 defined medi um may | ead

to simlar results. Another exanple of disrupting
apogt osis-inhibiting signals includes deactivation of
heafhsesendasy eelbfHturetyp@al comnrises pnogenitar cellaseloeted from the primary

i gt e di t an .al so.can
c S5, 8 0 41 P Yo B s o
culfugs meaiin the puddenitvi @lleko tadibet nthintamythé petesieal €& Hifferentiate or under

death in nore differentjated cells. W 2004/108910
neogengsIISyitat aqtvalglitfereniations ddg @by efba porulationraf pregenitor cells to

0 GO |
endBRFABiREY fiSpne fish tlofigh lof BssecHRS R RO BRERNERage of the
presant fnventidn, thech isad abilityytotamakha suféicient dheurs bf pogemitor cells for

condi :?lrnansh The.secondary cell culture maintains the
neogeRssisAng ofhet @pPcaligng hat "t hey maintain the potenti al
to differentiate or under 5 neogenesis w thout actual
di f TR @bk 08l culhife ARY hukd e Qhmad tRRRIFMAIIERA affhe primary culture as it
progenitor cells to endure prol onged propagation
contihnen ig lyuppressaliffprgntiatipn diithegrogerion celion ilbasnativdlya titeageondary culture

f the esent invention,. ich js-to ability to
mo{iyg8y o8[RS REhesrt Shib R st Mailghh erBpElaplot phf be added to he base
mediaf0ENRshs calfde alifiglly i8 Bbstadibl RESof Mbe BFeendaéd caB! ISome non-
culture may use the sanme type of medium as the primar )
esseiiiad giosvily Ectars campbe wied isAyESLY or igtesmiticatly in the secondary culture medium.
. S . tor _
Exiplef SR B8 ol SRR Y x5 Boter (RO, rapforming growts
faclo€ ahs (TGRS Nkerahanwtd dgrowttefdctonIUGE) aid igisRWitioblagtedswth factor.
may be added to the base nediumsince the culture
Fnitially is substantial free of nore differentiated
Furtlar\keguighigs non- essential growth factors can be used
sparingly or intermttently in the secondary culture
Me AU har RSB GS 2 QfrinSh ? ERRROES, bk i
epi der malalr gr omcﬁﬁfag)fgt ory %%?H&at%; ang%ora:tnl%g gr %\%ﬁeﬁulfgd' In certain
embatimentsgirpgenifoT Glisaye idecat tonldifarewtiaie progtesiaely anto (EB)s stages as

1d basic f.ibr bl ast h factor. ..Furth ;
despidtih g it geia e BlPeh A rarS medimare g
diﬂgfr%nhaﬁ GefdrdSich Us b REthef ﬁeglfn: Fe8diund, Rel %ﬁit/%} TGF-B. The medium may

bodi ments, progenitor cells are iI'nduce
alsalinkciude datdnadtbasone gudsglic allgnosint monaphaesphats {a4eP) akvating agents, and

descri hed earlier with reference to Fl. 1. Atertiar
Ot GAFF ey R PR B SUER CBgavY o dierediahg el Crl
difﬁfkéﬁat%ﬁl %ﬁ;ﬂ hBHBE pkANGEd B a8dHiGh HRxtSBEIMPARSQ hydrogel or

e medi um nmay
hydrocolloid substances or polymers that can assist the formation of cellular complexes. Such

o

N . | .
cells are applied in various therapies.

Examples

The following examples are provided to illustrate the principle of the present invention

and should not be interpreted in any way as limiting the scope of the claims. Those skilled in the
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al so include dexanet hasone and cyclic adenosi ne
nmonophosphate (cAMP) el evating agents, and ot her

wo a@ioes1known to pronote and sustain the growedT/v82004/017284
differentiating cells. Cell diffif-erentiation may al so
be pronoted by addition of extracellular matrix,

art Wilthfeog@lizethat Viyidne Gldifiatosd b thaneark vathoROHPRRS: féidtthe spirit and
can_assi st the formation of cellular conplexes. Such

scopgsolctae preseitdnvgslPRed i n vari ous therapi es. Exanpl es
The follow ng exanples are provided to illustrate the

Exd 'Z(gu;_j glu@,u f,l tlggﬂ%ﬁssent i nvention and should not be
——r?t—srp—r?m%—‘%n—aﬁy—way as limting the scope of the

clains. Those skilled in the WD 2004/ 108910

PCTP1082004 calisidtgiged fivin Immnansiidsiie arecsighlished bl @hzymaticallg dissociating

difi.cations can b de, wi t hput departing. fromith .. :
the Jsgueiof Tillg™t < gREngfo [ 1t Ul PR ENER S T GEk g gestion is used,
enzﬁlﬁlei Sichng coRpRhideORvalitopRIas, HRpaseShrofasdel | efds@R and
uman tissue are established by enzymatically _
chygiosrypsin atd prgferrsds hemerausaetbeds aftpsenasing e primany celfcultire are known in
thefaﬁrm 1-2 m? tissue explants. |If enzymatic digestion
I's" used, enzynes such as col | agenase, hyal uroni dase,
di spase, pronase, trypsin, elastase and chynotrypsin
ar eCyiteéedre edtiathll b flattening b siiealingd kperogagoas péll papu¥ation onto a
cell culture are known in the art. Cultures are

tisspmeulfuge etbsigies UGk R APHES errdpite dapibecdleaet ef Wietloths majority of
cellg E%Llrl]ibﬁ ngg%fsg%d %gftﬁ’el%d V&& ?ﬁ?d@%’gg Fﬁ%@gﬁﬁgg eir?.ilé) Sd1s¥Ethen cultured in a

as a te coate
cheiiyqallyalefined tiltrerajediunt thabéontaind litle@x ho baltium hmat gy little or no growth

d i.t hel fi.brohl astic arance. The .
tociRf 15 cebhipa|Sriediaet Gpasibo b tesaaH BB R 5O RaE R contains
esséittlally 08 sEREH MBridPdxt@ent 3 Bcilintis b&sB&ﬁ e ¢altleURR@RNE, the

very little or no growth factors.
congé¢rdraition lof galefufi in preterghlyi lessdhan dbout § midasg., bétaeen dzout 0.001 to about

cul tyre di um contains. essentjally rm rga .
09 &y B udtRtre PR A bivgl SRR Romn Aol B o el factor i
predch€ ith2ofcneafidd Btéssfhaf aboad 10 afil Sanf pedferaBlyl 1¥ss| tB&Sabout 5 ng/ml,

than about 1 nmM e.g., between about 0.001 to about
e.g.patpbaWt 1 ngfmdnot her exanpl e, the cal ci um concentration

is about 0.08 MM If growh factor is present, its

congeplratd O ha drésith@Ms 3R Yb10fRs BB EnchIRRI progenitor cells are
prefera Iynl Ss an about ng , .g., at agogt 5
idenrti;t}aaﬂ witlfih ni?sl ferspHY é'iysh yll'sahllyp ltl[eg_@mrﬁmarf: ieis*mailyaati(slténct from other cells.
ol oni es_of paren rogenitor cells are i
Unli?lsferﬁﬁtfcp%% the Raﬁ?rwﬁv%gia Erpggv_cl ¥l rcg}l,nd@fg @ hexagonal in
shap®@! P S g@ifer ¥EIRURS tpidiSldR Hhan 4b8H Bf BRYorfsSnli%ave a dense

appearance. Those cells are refractory and are readily-identified using phase-contrast

microscopy. Moreover, the parenchymal progenitor cells can be identified by their active
mitosis. Typically, colonies of parenchymal progenitor cells increase in number to become the
predominant population in the primary culture within about 14 days. The cells are harvested by
trypsinization when the loosely formed colonies and small dividing cells occupy about 50-70%
of the cell culture surface. In one embodiment, the progenitor cells occupy about 80% of the cell

culture surface.
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Unl i ke nost cells, the parenchymal progenitor cells
remain small, rounded or hexagonal in shape. The
w@e@gaotor cells are typically | ess than abouPCWBES2004/017284
m crons and have a dense appgarance. Those cells are
refractory and are readily-identified using
phq&}ﬁ't_@ﬁﬂ‘ﬁﬂgaﬁbﬁerﬁio@ b@%ﬂ@lﬂﬁh inMeBMRFy cllfife RRLAAEENIBY as having a
rogenitor cell's can be identified by their active 25
smafisizgs ¢ platimg pffisagricy of glnus HO Ksorgregienupan ipgsrage, gnd papid eell division of

C S i ncrease-in nunher to becone e redom nant
sboficig AT SR e PRGE o R et et £ Rl pu L5 Pssages and can
extedd ¥ abok @ 3 GasdaSesqbembaY, U€sehethglon thé PR sativsa8éd @RinpiRRsage. The

the_ | oosely fornmed col onies and small dividing cells

cellplypisglly aplyate dout HopomHatiomedopblingsyierenie. SigHs mantaipgharacteristics
. ' . ' | LS .
o (31 FERY St A8 PARORLL 26 5 a5 0Bl R e

dev6ImbiBaNY 44s0dide84vith idgdititer celdaul ti ng progeni tor
popul ation in a secondary culture is characterized as

RTINSO, R LI T AT ——

the Qfltur@ Bt tH AN ESviRinnl @8 S ¢., BREtiRFOGHRtd BEdiGR tHt AR contain factors
passaged for at |east about 5 passages and can extend

thattpporabieand/p8 syppestatseslopwentrandegrowbpd Waifergntinting isells pixamples of such

facté%hh@@%e & glcgou %?rﬁg’og@?'jf %gl??t%—cgﬁ%grloﬁgllg%agﬁ%cgi&oﬁeg !fé_(ctors that have been
iderft@lel Sis BBEARIIA r&BiRE eRIbr i€ Srgafld geh'é§$ U%zéﬂﬁ@ &fl fther environmental

progenitor cells, such as expression o i neage
conditiens fhiat capereastradited tnids tertienyetudipreanelaflé theaddidion af e extracellular
wi th progenjtor.cell].s.. The progenitor.cells e the. .
matfisy pRFTG ClRRT Brriry oGP RR vl PR b iR Calciom at
con&HREbA Greatel Chabliibbit 120 GV bridngMSethdd Whick AMbWO BB adhesion to occur
i.e., atertiary culture nedium that nmay contain

andftiémemrghiteg’@w evplopnwy odiese fackurp pag eonditiaars apayeietused to gether or
. d wh of diff i ali . f h
insEp 8l by S ER Bhel S s TR0 0 2

grow h factor, or other factors that have been
i deTtd deleetlomsf £pdmddtionefipancregtid islet progetitor gelis is described below.
or ganogenesi s., t her enyironnen

Ex | f t .
Howeiras thitsrampleds ne@%&@% ﬁ%;hegaﬁ@él ap Pf%smffgrcal%\?%? be derived from
any ﬁ)gée{n%recislsﬁbcédﬂ%ihﬁ ‘g) § Ak k0 BeI® caPRbI8 BF fRERhitAduch as the liver, gut,

rix to pronote ster formation or
heattheceread slieyistion ahner ght, slradstalt hescle Yiain,om gfdsal ci um at
a 15 concentration greater than about 1.0 mM or any

£ rreghz.dpv\hi ch .atlgeggﬂcel | -cell adhesion to occur and
X ' o devel op. Any of these factors
and conditions may be used together or in sequence to
adVEiéhdot G 0o %ﬁﬁﬁ)& scltiepe ddived fovin titleer twindameohy@Epancreas or
a

. The selection o qppul ation of pancreatic,islet _ . )
isolpied gewlt P&CYWCI@C‘ES Besells %‘éﬂleﬁ_@lﬂg e d @&X@V&g,eth%htmns to Impose a

[ ' o
stregge(ﬁ@ktgogn&btgg geél; P@g@g ﬁ{rj%r‘rdn& BRelebTot byt BFarPERQERA Pogenitor cell
population. Once established, this population is propagated for multiple passages

undifferentiated and thereby expanded for clinical treatment of insulin dependent diabetes.

The stress-inducing culture medium of the invention allows for the establishment of
primary cultures and facilitates the identification of a subpopulation of cells from these primary

cultures that can then be serially passaged, thus providing for an expanded number of cells that
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20 any organ or tissue containing parenchymal cells
capabl e of regeneration such as the liver, gut,
wheanilp89ecor nea, skin, retina, inner ear, skel eP&l/US2004/017284
muscl e, brain, or glands. Examnple 2: Pancreatic Islet
Cell s The endocrine progenitor cells are derived from
could Halre therdirlutic nelas.aPalferpblpcihe ses+induchey @lltaek Mddiuin consists of a
pancreatic islets. The cells are_then cultured under .
chewygaily detipedmpdinm witkout serupyyLaovth facfors; (eadls 2Eqyryfromdhe pancreatic
or 98 ks l'fs%énth?ﬁln&diﬁﬁl dnd b rmétﬂocﬁ?%@&thow&@&(ﬂﬂﬁﬁn@}t epithelial-like
an endocrihe progenitor cell popu i on. ce
morphdlapy asdexhredshiytokpmpin redrkeas chaagenprgdepihdliat cells.
mul ti pl e passages undifferentiated and thereby

expanded for clinical treatnent of. insulin.dependent
o Hbee el S exattadin PG MRy scd Prtrraetiad Bt of markers
assdcTMENItR PafdrbAWSrb &hnitbh GelRSHRR L PIIENT TRE hithbdMAin protein PDX1 is
cultures and facilTtates the identification of a
requiradpo pu baly stagoin naatiess develapmisab@qswierfeangtics3h: Lfi-1 Lt €897);

that c ] b all sage t hus. proyi di or.
DeiRine BRI, PREYTE) o5 BARREREGR U GBNA o0 WY separate
fro? @i/ dgHROIR Qhd 28 8rate infodthe adihbnb Biégerich¢iha peidtd they aluster. PDXI is
Preferably, the stress-inducing culture nmedium

latep rpquired for gpaintainingihe darmenedupdyring pheaprtype Wi thedueelklar pepitively

el 0 LREE By LU0 PIRCLRR gl cxresion
(GesboDewl it BB 176810 8)).e PDIXAk [d aldo- deiphieed tovegitate ayUEhekpression in B-
express cytokeratin markers. charact Bis gc of .,
cellg ghgasgimegAn impofrtant igledn majplaing)g norga ‘é&‘ﬁa PrREestasts-
culture, they are characterized by expression of
MarY&l§eerdts 0% hhfbdr ¥f thB nRaksdRAeGropEad %@hé fmiBehhsbeen established
such as  PDX 1. The honmeodonain protein PDX1 is
as arpeqeridoedneagergr(Semaltog Ntbdend Sei PEdKe 460l Q0P drwr Opin Genet Dev

BTN IR e sy o —

(DS EbbReRNRO P44 L STER0BEN A Bileproden@bt EdiEctRRictdrtit fmhaidlet-derived cell
m grate into the adjacent nesenchynme where they

population exprespxpeyregain-Bat er required for maintaining the
hor none- produci ng phenotype of the 13-cell by
D0Sitj valy . , . . , . _ .
Pl P Ebind GOKalr o4 ey hs BN b WA oAl fifly chemical or physicl
meanspdueh as by suffpfenasingaie hftuley madihd6Rith 18 ABgnt thaPpromlotesdifferentiation
.also required to reqgul ate GLUT2 expression in B- cel
to I%ﬂ@@ég? Yngbeta ﬁea%w? §ﬁtm<fvﬁrn§ porphelogica %%&Sﬁ&% Gell cluster
fortRatidl i:n.tﬂé)fﬁ%géltc@%f SxtrAeISORNR- FheReMBMRE h1sObe itRiced to differentiate
mamal i an” neurogeni n gene famly, has been established
as alfssusofampladattbocnioreepapamsive Seeirdmoent NEot exaomde, Se vive8hiferentiation
97: 1607-11 00Q) ; rr i,n _CGenet, De 9: 295- 300 !
may %@ &GP PR gnﬁén@ghg P%%‘Becgdﬂ% %?BFul%’fsuﬁ%‘F%‘}eoﬂgéSg‘Eﬁ? hgsubmucosal
spab&bt the Suall Rgtedimye! opment (Devel opment 129: 2447-57
(2002)). The progenitor cell characteristic of the

i slet-derived cell
Example 3: Culture Medium

A stringent, stress-inducing culture medium used for the primary culture contains no or

essentially no serum or organ extracts.
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popul ati on expresses neurogeni n-3. The endocrine

progenitor cells may be induced to differentiate using
w@b@ailesalio or physical 20 neans, such as by  PCT/US2004/017284

suppl enenting the culture nedildm with an agent that

pronotes differentiation to insulin-producing beta

cel Agprimarpyuliurd udingn obtheotention &l provided esth it base, which may

cell clyster formation i.n the presence of . .
or 155 R e ke SURRIPRFR] il ot cbmpayeky oEhaeitrisnt besemepinclude
inofhhfc SRR LIRbS:, _aﬁﬁn@adi@éﬁdtviﬁfniﬁﬁn%}ug%&t b ﬂa@dig cBmponents.

perm .SSI ve envi ronm‘-;nt‘. For exa In VvViv
Exagifl¢ssinelutlé Builbwaco’sdodiedsBagie’s padiumDNEM);i Minimaldessential Medium

gl R P B8, TV VRBBET Rt i Sy Hams P2

Hard’s ICu INCECNRYi JENC BE 1B HIRYrefefibd B vheWHMUE Iof theGHV 08 includes a
medi um used for the primary culture contains no or

nutgery basq of dithereplgumpiisentr lowgalsivax DMiEMswithynt 208 asel 08gaesium or

k4 A D) e § di.um of - the .
o TR AR b oD R AR BV B om0
1 refio. My final gloeosk wohddiragorppl aebadeasladiiiétbd &t fieferably about 5 mM. The

conmponents. The nutrient base may include inorganic
base gredyim i) sypplswentgiwith enei o nosp ot Uie daliRwiag camgoriitelnown to the

hasic ia » i NG | : .
sl g B R o BREERD Shpl L B G Rafsterino
ferrbedionnrBoddiiSpnind/b9 diyrdh etimé Bmihsawhe sphdaghdiybethanolamine,

Dul becco! s Medi um (EDVEM,; .Ham s F12, ~Ham s F- 10, e
StrOREYR CBiRSIRPAST BV AL, SN R R PertSBliab o Agifsot biofise inbibitor

. y . AL { t her
o e o e o o1 Ccose.

magnesi um or  sodi um pyruvate and with L-glutam ne at

4. Olnrpvie eappleane gromth faojrtihadledie teuswkieni dn an@herexarhple, the base

ati.o. The final glucgse concentration of the base is
medfin 1§ pulef slesPapatid R SBROREN b shortestalfl 4G ol erowtn
factofs MR Er wkiripleTEGRIB i5RA®IQk ah RBopHtBL4PMk PEbmoting apoptosis of
conponents known to the skilled artisan in animal
diffeeentiated liverrcells bn?_N[Fb(ris oddedrasian spbitogdni deliferomidted islet, liver and
epiéﬁ?r%tgﬁgrpﬂlai i)%%%fgf %@hlg? g{?pﬁfev%ﬁ%lg;%}l;eolg’efuﬁ EIII ’éh% %(r)et:sgf\;triggén%%n are
desQiBAGH RN Dt N RO 268 80 PardhteADAAdB ok RIrhEE herR Bty FBference.
_pyruvate, selenium non-essential amno acids, a
Titrption expeeinientsi dantberused to. dgterminsrtbe apriropriate sendontaations for the

t sin_inhi bitor (SBTI).) .and ucose. A5 1n one .
supblefiBiscar Fig ns Rl R bR otmmetoiled Biecpations are
proﬂiﬂ@&ﬁ@foll@i@@ﬂm e, the base mediumis further

suppl enented with conmponents such as non-essenti al

amno acids, growh factors and hornones. For

exafvpreferrqigroncgntraiiondd desulis imthe apropdagencdion ips Srigmhdroinsulin,
insﬁﬁlgﬁlt(eogrloévtﬁfactors such as IGF-1 or Il may be substituted for insulin. Insulin-like growth

[y

factor as used herein means compositions which are structurally similar to insulin and stimulate

the insulin-like growth factor receptors.

Preferably, ferrous ion is supplied by transferrin in the secondary medium at a
concentration of from about 0.05 to about 50 pg/ml, a preferred concentration being about 5

pg/ml.
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differentiated liver cells or TNFa is added as an
apopt ogen of differentiated islet, liver and
wepiodaosyed cells. Defined culture nmedi a whi ch pemubmo4/017284
useful in the present inventi-am-are 20 described in
U S. Patent No. 5,712,163 to Parenteau and is

I nCaipdétByedinges eddedhy nfagftinemesof cellihdtaBol®M. It is preferably present at
experinments can be used to determ ne the appropriate

P
a copepiisHeR 8 frapsabogt 2 thbout Y¥hpMpmerepretesabin aliboyy 2 A
skilled in the art. Exanples of preferred
Co b . | o ) " . .
CoMBER! SRR i G 1 LA T B 688 e praic
of the Pregpyt mventRimi Bath larephddphdlipsds! that-fhndtiengs pwichrsoacindheinositol

vt A fatercis iaho Tk PO R ie e aydipao tially found in
serun® FRY Bk e ORSar\Mih & Berdhfr8d mb@itib. aHithkér 81 BBth 8thahSlahisdrdb-

and Stinulate” the insulin-like growth factor
phospweyltashanolaprin areahpyided torthe mediagh ajcgnesuppliorergngs of preferably

transferria 4.0 _the  segond ol -4
berdeRRf [ N0 p R B bR Bhedhabent iy 4

preferred concentration being about 5 3o@§/m. WO

20 (BHOGA 1RayRGTistBROD ddriddm2A1bn betviden abouti 100Uty abmitr1e” M,

i s _added to_numigntain rates of C?H met ahol |§m It is
prefgrableatabpyt Hrids St An amino.amd bralvtaming Prdts sppyHitameatbepsed at a

r t

con%g}t%g?ﬁ' g?t%&grtl E‘%eutt ngﬁo tg rﬁ%&lgtr 1a®qgn M1, plerdBY at 200 M mM.

o- phosphoryl - et hanol am ne may be used in the practice

of When prepsemg thie seemdagymedian Honsesiabprosagh of ippogésitorhedls, other

function as pregcursors .in. the.inositol 5, pathway a .
corirees fpy BB RAB PIGH SBIPPPERERD S5 CHE BFHCHEF daf being culured
inclhfi@k bR BotBAifE thYeri@taf] %ﬂawﬂ@ SICHN(FBY), RenfREaESAYwilfactor alpha

a serumfree nedium Either or both ethanol am ne and

(TNG-oup resypinoeyt geomith fatter(Kid) aane hasig\fibdehladt gravad fagioi @FGF). EGF as
at. a concentration ragnge of preferabl bet ween .abou

an GiogaNRRGOREY I * HE-oBOR TR SRENE REY §t UtHEERREghiow as L ngiml.
10"4 M Sel enium maybe used at a concentration between

aboA kB & dhbedimbAUST tAdsebodaryt theliived RIcRIAEY adBas@BAUhixture of
5x108 M And am no acid L-g[Lutam ne or its substitute

DM feo ghseepcano galcisanansifiondtli-ghitaspinaead Basestt-12 meriven supplemented
wit? %%%ll&&in%og&%ﬁ%ﬁg ﬂ)béc%ie% (RORHE Bcgrééé%aet}géﬁﬂdi%t%e Fi Joérgh component:

secon mediumtor serial progenit
6 mO& I L ghutagtife(or eqoinplengNt sg/miEGFe 1aHuTERI dtharioheninedixd 0 M o-

phosTHieta RO S, SAHENG! BEHIT A el araLeril 20 ubiifiyronine, 6.78
a r T : h
oo QU E54 Byh Tl ARSE LB B IR PLohBSrvac, 10

nonbessémtial hbirmdcadst amgt DwiM ghmoteor (bFGF). EGF as

While the cell population propagated according to the invention comprises a pool of
progenitor cells at one stage, further commitment to differentiation and organ development may
be induced. A tertiary medium allows the progenitor cells to generate a majority of transit
amplifying cells and advance organogenesis when desired. A preferred embodiment of the
medium for the generation of transit amplifying cells includes a base mixture of 1:1 DMEM (no
glucose, no calcium and 4mM L-glutamine) and Ham’s F-12 medium supplemented with the

following components to achieve the final concentration indicated for each component: 6 mM L-
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an optional conponent in a secondary nmedi um may be
used at a concentration as lowas 1 ng/m. A

w@e@iaosoedd enbodi ment of the secondary nedi um POT/USZIeE017284
a base 3:1 m xture of DVMEM (naégl ucose, no cal ci um and
4mM L-gl utam ne) and Ham s F-12 nedi um suppl enent ed

glutahide (oheqdiedlbmy)i10ggirahPOReR HEGH 6r Bith (@pendlhg of lcallitype) 1x10* M
concentratign indicated for each conponent:

mvi
ethanolgmyina A M p-nbgepheaylethinolantinggy pe/mptapsulingg eg/mlmansfemn 20 pm
tr11o%})ﬂﬁﬁ9%§%}6?@ ngih)l‘;%‘ ?e;lﬁ%l%g%ég? gg@pgar&%g@,gl%@%moﬁﬁm Byruvate, 2x107

progdstdrmﬁoﬂ HyuM hiydecofliséie, 0r0§/mM caddiemichtorid24nd 9gigithL forskolin.
adeni ne, 1mM strontium chloride, 100 nM sodi um

o \égéﬁto\r/\ﬁglsem%ﬁo@@}e P gﬁ?eg?itp”" agg e&' 11000 0,000 cells per

cmzeiﬁ(’EFﬁE Sl edlirh Bn EQ@II&%’&ﬁ%ﬁie@?lé@ﬁ@@M&%@ 2nd cﬁ’l‘ﬁﬁled ﬁﬁr a8 Rast one passage.
pr Ogenl tor cel one s further commtnent to

Theoheﬂﬁa@pehtlblamaw pe ausetl @srig an eﬁ@@mﬁatlmmay be initietad.eWhere further

. rtlar he pyrogenit.or ¢
d1ff§rgﬂfg?,thqnels esrﬁ% bt:f)]e cgl ran grrg cf %Q:%ih::tlpw gerngPTs Olél‘hﬁ removed from
the RaNAH GRedNiE @ﬁ@ﬂﬁ%ﬁﬁn%@d@nﬁ‘@tﬁﬂ igGhcréased, @f £ toeBout 1.88 mM. Other
enbodi nent of the nediumfor the generation of
chapgesrie the iy enyiragmen] 4lsp may:bemekidgd platbis tinscteg eadgftion of an

exﬁ%ceglu%(@étgg%i%b%egf ErSno@g Blg lg%%éﬂ@egﬂgmthté Ey{rlflljl erﬂ%%rftﬁr@oﬁcﬁ)aon depend on

the tisdue aypeng. e epipanantelstmaylahivdvesd dan hirdigjuid interface, islet cells may be
concentrat.i on ndl ated for each conponent:. 6 MM L Vﬁ)
ells may be

cultpgAn popay © @bnr/om%s: us erf@srn@at@pa%dr{feepe@rcyte o
cult%ﬂﬁ 1}{%|3e ensﬂ)g%}@%ﬁ}at 51n IS chd ﬁ*&ﬁh&h&fﬂepend' ng on
ce pe), 10"4 M et hanol am n
0- phosphor yl et hanol am ne, 5 gg/nl | nsulin, 5 g/m
t r ahsymealivay of (prqparing meidtadmsfuy fcmthenpresalt i?tsfeng'sbmis set forth below.
selenium 24.4 enine, 10

/m
HoB s mRspaRss oF B aREser SR FPReop PR S B et v entional
met‘h@h(ﬂb WWOQ itiBueBstBufiéd leekt@indogipoRent® withe@@mhlogtie or functional
may be plated at a noderate dénsity of between
equlvamma Absosc@penteasions faydhe suppiements hasbaeptinized forells derived from

diffgr%lgtﬁl%gﬁg %ﬁcggezgln?es&ffqo% 1f§e¥e}'qt %%% rq% d%g L[(E Pe{c?oq%];l?crh a@ége size and

heaitB. TitrdtiohleRpdriraérts edretiyt peafoked i Vb@llmgld:drlcaﬁtedlony\bﬁai €omponent to
further differentiation is desired, the cells are
arriye afibe eptimgl eacedidpn forBatgRBIPens My skol in i s renoved
from the tertiary mediumand the cal cium
. L}gﬁ&&%@iﬁﬁg gvgh'ggle% gﬁfhﬁ@s E(%O{lﬁarrg or ’Ic’]eii/'tlﬁ)arrg gggfeﬁge%?g%ﬂ sterile conditions,
stattiag iwithl hade chediunt imdsccnmpmpnte thypt aredwbaghti aymernferetsterile through
extracel | ul ar of the chan

t. S
cong RS AL PROBHAE: S1CDCAUTE G TASE ACFTOR ProcHioer S8 ed throughout the

Exehﬂ;ﬂ@s BMEM@RE @el@rﬁ% cé‘aﬁbin@d Hﬁi’ﬂfé%dib'ﬂdhwc%%p%heﬁg are then added to
air-liquid interface, islet cells may be cultured in

completatthg medionmi $todnsclwtians of allreeraponsintssian be storethati-gA,’C, with the
excegtlon N&ABL QYL S8 deShdT®Yn B stored at 4 °C.

A vessel suitable for animal cell or tissue culture, e.g., a culture dish, flask, or roller
bottle, is used to culture the endocrine progenitor cells. Materials such as glass, stainless steel,

polymers, silicon substrates, including fused silica or polysilicon, and other biologically
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cultured in a 3-dinensional substrate that pronotes

cord formation. 15 A typical way of preparing nedia
wais@iabsdior the present invention is set forthP@EUSN04/017284

However, conponents of the prdgent invention may be

prepared usi ng ot her conventional nethodology with or

conVatiblRuhatetidls tiay bk iveed dvcetlgirb@isueaoao Maeicsl1nbt te @fVention may be
anal ogue or functional equivalent. Also,

ETOWBRBEOHE SPIERRS O GrPOroHs LAY, EiRbrisS nesgusaersprengithasvould allow

bllalfté}ﬁl c%‘ﬁtac‘?ofjtgé h\éﬁﬂuﬁ fPRE cflinfibe E&% It Q&(ﬁ i61, tﬁ@ gelfgljolzvth surface material
I nes from erent organi sms ac ors s

maypbechemizalyeineitétDomhmaadifibd, e]léctrbstaﬂmmﬂiy&hmged rerbsted auithlbdological

erfornmed. W th. var concentr at one
agefis sugl 13 Wih ReptickB oL BTt TS RER B st kot surtace for carring
out Y MOGR N is a I&?veﬁﬁgﬁeﬂ! RssteRB BRI sufhdd Baded vWBE PRSEAY d611ken.
tertiary, Is prepared under sterile conditions,

starting with base nedi um and conponents that are
bouTit cubturesereipreéataly eraiitained beitighn alom 341 toorbait 38°C, more

such asf|ltrat|o r e
Lot Kodit Bl e hostibon e 102 ORRR! & biapsppmiaicy botween
abodhg0 for 9026218 if@ibaion &fused b §ikerin dlliddnfiéatal ETIMRRRBE Sontrolled
are then added to conplete the nedium Stock

tempetatrre.dranigity. anfl savmpeRefpsthe sultwe of cdised at - 20 C,

with the exception of the nutrient source that can be

st

b1 S pdb Hunifly VRS, RO el RN TRtorf ok abridont progenitor
cellhxahtble élamestedl amblu:ted ta ptdmote atthetien dbprogetqp rcekj;mull wsiding in the

such. as gl ass, stainless st 30

exppRigIre. Qirfledn Cogeore BeT %M&S S8k Biuinassage cels can be
use@to B&ﬂ (#rblﬁ@ﬁtloﬁ‘ B¢ pﬁ%@ﬁfor Qbﬂ’é gicaat low HQSRQ Oﬁﬁé@(ﬁf?ﬁ{%ned medium

PCT/U /017284 1 atl le material s" may
canuywetprias froal 10- @@%wtfhhfsmﬁflatt@@dIWheAmatQ’ebf atrmre spec1ahzed

vention id sur e

congihepgt PR FEoretE TP @l e i P bR e et
conehtpdtRE 2dndCRBAIAEE tiRfhatRestedebduith ! Thé bencentrdted Qﬁ)p@@ﬂlélﬁ can be used at

I'n addition, the cell growth surface materi al
a caieentrasion squivaleat edhe priginal startiag matesiel. r Meoradateilad eytalnples are provided
8 coated with biological 5 agents such as
m%afai}ﬁng?li%g'és or matrix conponents. The preferred
growt h surface for carrying out the invention is a
Exaiply enTionplunfatissue cul ture surface coated with Type
coll agen. The cultures are preferably maintained

bet ween about 34 abaut. 3 r.ef er abl
Wi t %an?tmﬂ‘élﬁss fou e 26 GsPEbiof iy gl A progenitor cell
as dRLAMdd\i®o Bt el tYarRFhMRE Br indidauteddRiol:OmABHal & patient. In one

I ncubator is used to sustain environmental conditions
exapfple; amnsldant@t@bmmvolernqo@mfanmg a nmgemtqqc,ellamtd aga@nmal or a patient by
di um s ed

.. m.xt
iniq8gh pF £ gei b i gl e mhpu e e o LR SRR a coll mass
intd £EERRDY oA GE ﬂietrﬁﬁmmal or patient, or perfusion of a tissue or organ with a cell

suspension. The route of transferring the progenitor cell or transplantation will be determined by

the need for the cell to reside in a particular tissue or organ and by the ability of the cell to find
and be retained by the desired target tissue or organ. In the case in which a transplanted cell is to
reside in a particular location, it can be surgically placed into a tissue or organ, e.g., the

duodenum, or injected into the bloodstream or related organ if the cell has the capability to
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cell can be harvested and used to pronote activation
of progenitor cells still residing in the expanded
w@ o010 Sim | arly, conditioned nedi umfrom PCT/US2004/017284
proliferating | ater passage cdBl-s can be wused to
support proliferation of progenitor cells plated at
migraevtalihe shesiyed tafpet mtglani b isahechsemdihuived Eelisavhicloopr osse to the liver
from 1Q- 50°/of t trient dium Aternatively, a
whepdpiects é’?:tPé G DAt CEfB aﬁl?r}?fﬁ@ge%guppl ement is created by
renovi ng the common heparin-bi nding grow h factors,
co nﬂﬁﬁlhﬁélitioﬂg;peéﬂgal@%ﬁﬂﬂﬁeé ﬁ&sﬁ@ﬁﬂ@fn@pmtsqmgeﬁé‘i@ allogeneic,
concentrat ed suppl efrent can be used
or xsoegeaaicriue genitoreplisy e %mcowmaﬁendmr@fnal st arting
material. More detail ed exanples are provided in

Exa!iz'i%(g?engj PreZtiﬁgre}n%)%%' -%F@z(c?egppﬁabgies Ugﬂ_&sfpdn%ﬁéa%i@g”gﬁ%r Cells

a mammal . A progenitor cell as described above can be
t r anepttor ecllare hlsﬁfubﬂuelﬁabei Inttdetn cesnrain ‘Bypeal giabétenpatients or to

I | t
incighi B HATAL PURBPI O G Calin e Sdpsulinslepsadgit Bibctc patints.
Cada%ﬁ&ﬁésﬁ@ Riferabl gestefvé HSHE 'ﬂ%h&rhstsﬁkt Bell tﬂ@}oﬂﬁﬁg@}gm énitor cells. Islets are

tient urglc I npl'antation of a cell nass Into
1solateﬂ|fsmmﬁlectrssw garprogenitoecaii ranaselastedpatdesnribed derein. The progenitor

oot e i e n et B Se eck Elowing o rapsian ayaftr a period of
dlffﬁﬁ:hluaﬁlfn \tvl'n@H %EHyadétlﬁHﬁdéH gk dwinadl6s EhdHNdR6s MM caldi®m. In one

need for he cél to reside in a artlcul ar tissue or

emm@apntatdm pmggetniter eddisiare hynmrﬂnqlmcaé Itplegated: isweh thatie aegenic
trar{‘sgltgg{s;’] ﬁl@};\ﬁ%{ ghp ih(in? %h%‘%g %}1 c%ﬁ lilgs(pgﬁseo gl %ge aép%c{ &ethls

embBfitnbgitfalie nQ&@idnD thesé el &16 nben@rﬂfaﬂiy @fpileys PILEC eldss tantigens and do
a tissue or organ, e.qg.,.the 30 duodenum or injected

notieligiy atcﬁ@%ml@@wsﬁsw at prafiafese l colt divatient he cel | has
the capability to WO 2004/ 108910 PCT/ US2004/ 017284
- 18,9 i | %aeﬁpm&m St trat
R bk g oA S8Rl e bG8 Remonsc
an imjrend espdns¢ t the erapspldm¢d eeills et aam’me@ombpwééw theT: kd;mmstratlon of
invent |

bloggpg éﬁlﬁ@r&ﬁgg@c ng%)??%ll}a @3812} antie le%ts&e}i: %ﬁ%a 109 05 Qiration of one

or rﬁBﬁQ{%ﬁﬂdn%Eu ke d?ﬁ%s%ycrﬁfémeféﬁ{ oPBy hieeiod KBown in the art to
Exanple 5: Treating Tnsulin Dependent i abet es Usi ng

preRentor emleh«zrat@rab@amrmnc aigkol atoipmpgeneiedioncel | s are
useful to replace lost beta cells from Type 1 di abetes
Moatli nhs, 0 .10 ,i ncrease the overall numbers of beta
nsul i n- dependent di abetic patients.
Cadaveric tissue preferably serves as the donor tissue
us ed he@nifue prsiRriysagapopolaticeof ﬁultlwgmlﬁogdrﬁtor tabl edpecially a

f the t d t
cow%&&e%&wuﬁ%ﬁ%@npmggég il or Ce? ’!hlosse Gells ainghelg tsglgab?e and desirable

tool for characterizing organ regulation and mechamsms of autocrine growth regulation, for

example. This is particularly relevant to carcinogenesis and study of how to stimulate in vivo
regeneration. The fact that human cells can be used is particularly beneficial. The ability to use

the system under chemically defined conditions is also advantageous for research and analysis.

In some embodiments, the cell population cultured according to the invention is

characterized using gene chip analysis, polymerase chain reaction, and/or proteomics analysis at
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10 cells can be transplanted into the patient directly
follow ng culture expansion or after a period of
waledokaosomi i ati on whi ch may be induced by grow PCT/US2004/017284
factors, hornones and cal cium19n one enbodi nent, the
progenitor cells are imunol ogically tol erated, such
varidvatstaiges il thegettiod deseritred emiriabovd: Peiynaap actblatibh Foéd the dature organ,

scof iGN UMD 2B SHIHE RSt RUHT e sciam epacin momoting differentiaion.
By REmpRiihy th%’@@ﬁé’ssa%lti% ‘a‘h@grgte'iﬁs S[%B%I%Ogtﬁ,naﬁqdatﬁgg ?eg/g gff egigfeission at each

elicit a costinmulatory respon I ni
stagecysingithe same cell sinonhdfferentrsdambeabbsefvddhthati direetly redate to changes in
t recl.pi ent of rhe transplant nmay deponstrate, an
reg i B B 550 o eiptiott EASF BRufiRin Cabibek br CompreinArashan one
hu@D&al fehib¥erived fRAMiRE &t diffbreANoRfins M&PK@%%B%E%H%%MW@ at
to, for exanple, an autoantigen such as 5, by the
conggan felbul ranatlyrayseogeraingdrmppreellipapulatensgp tesatulterrgan Fhese pathways

j ' ) nmethod known in.the art to
thef oI Al Safberstor Bbp MR R PP i Breineion. Once
targegy ¢ {dentified, oatpouadGhapbdi@stell SCOY Y HerhE cifitifeir role in the
pro,per%l es of a popul ation of adult organ progenitor
regplafipg o %%@lﬂaﬁl"? S Qf OrgHIEENE Heed or substantial ly
pure popul ati on, make those cells a highly suitable

Ex@!ﬁe ge %’sfc@t?ikfﬁneﬁt%g Us? roF & Wéfg%tg; &) ﬁ’gg%g%!ﬁgom Isolated Human Islets
regul ati on an nmechanl s

of vsgethani on, for 25 exanple. This is particularly
rel evant to carcinogenesis and study of how to

cel {afbf ob Ronfl 1o R RS e b Seruf o apied pidhod originaly
prop&ielliblyRit@dHEBiabdtbe3 BYEL£I0, UDSD! PehRME&hs Q@Egs&%%d by intraductal

conditions is_ also advantageous for research a

infuging gfdiiberase Il Ginehe Majemnilardtiessiencere lndiarnappbpNedriServa collagenase

I .a6GC [ ton t i hvention is.characterized .
(RO ERCR AT BBl S0 30 TS0 RBLSER R pproimarcy
12 @il min, fik 0] kstedimbubbi SAlite O 2RARE IAI8@HDand washed. Free islets are

PCT/.US2004/ 017284 -19 vari ous st a(ges in the nethod

sepgatedritose therptheritisasonsing peaniiapgusgredionital SirekieoH inrreCobe 2991 cell
seplfBtdh (CeP TR Res. FREANSAIHoHH WD and serial passages,
an nae

r tertiary conditi’ons pronoting
differentiation. By conparing the genes activated and
pr oAboui200 ideheqeiialeatschre pleted ihte\6Okmaif codlxperesmit@incudture dishes

conihs 4 TR P Tl TR R of e Lot & RMERE G usose, no

caldi@@itvith YUGAVOL - i8mBRY AndPRRH! At 120RppItRRAR WARPAB $ARVARE components
then be conpared in nore than one  human cell strain

witlyl thej finadl concentratidoeofsactiednipomentt indicetadisd mMl Erglutampaan@r equivalent), 1 x

- itions tq arkh a 0 cel | ul ar, t hways
10 T8Nk e Vo Bl GRS el S gl o g weml
tranfReese, Z@a}il\h\tﬁﬁb_aoth?fhﬁﬁhe@ 68 B/ kiR bnfladt, 24t Ay & BhSadeRine, 1 mM strontium
bi ophar maceuti cal or pharnmaceutical manipul ati on. Once
chloride, 1 mM sodium pyruvate, 100 pM non-essential amino acids, 25 pg/ml aprotinin, 9 ng/ml

forskolin and 5 mM glucose.

Cultures are incubated for 14 days during which time cells spread from the isolated islets.
The progenitor small cell population that emerged is harvested by trypsinization at 70%

confluence.
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targets are identified, conpounds may be tested in the
systemto confirmtheir role in the 10 regul ati on of

WO b@4hosyen cel |l s or organotypic tissues. ExanpP@r/¥S2004/017284
Establ i shment and Use of a Pr-@genitor Cell Popul ation
fromlsolated Human Islets of Lan erg hans Isolation
of JuiabPadssgecdIsleDPEVEOPIIRENIt8 (st he seni - aut onat ed
nmet hod originally proposed by Ricordi (D abetes
37:413-420, 1988) Procured ans are distended b
i ntrabiseatme Pra%enﬂtﬁlr srlisaie wrially Beassd a0 Phrestiser em? on Type 1

r .
o e e
witlp# addd s gtancion): Fhdbasse rdecbmatsuppiemented pyithcthe flostig cdi@ponents with

o3 dlissue,is coII 8liters o
the PphOnCuianbb AT it SbRacr et b S Sfipient. 1 ngimi
epider@at FgTB%ﬂpfaQﬁ;r tk3et8 Htfhbﬁkﬂaﬁn%ol‘k' 10N S- ;gf@io%ﬁtetpinolamme 5
EuroFicoll in a Cobe 2991 cell "~separator [1° Tiss

ng/Rbinsuldd, G pfglms &ansi@@z) 20 pt mmmthyzmonw L:l n@mh saleriwmt 24.4 pg/ml

iy DR St T, PG ARG Rl SphatR amino acias,

and$ M d@scose! HMdeMnaNGogtiiaeeeis dided aefeedidgwheh the 118 Nave established
glutam ne) and Ham s F12 suppl enmented wth_the

andfreaqhgdwwgasé éﬁﬁmﬂpgn% Gells pee mapsegrd alHlYe sentlienemordess.

each conponent indicated: 6 mM L-glutam ne (or
OS8R Practi cd tio} T for. S '. i oh of Progenitor Cells.

transferrin, 20 pM tri i odot hyr oni ne, 6. 78 ng/ m
sel @miditigned4netligy is drvestteinfirore activatdd mbhfmﬁtingmrogenitor cell cultures
chloride, 1 rrM . vate, 100 .tM non;essenti

andiFiRg et BB Y8R P LA g gy factors. The

vcn@ Adctod Yl chdearsRd b ltmicdSnd rd@saﬂﬂ%@ whRAL G100 s%aﬂ)@é/ Solumn. The
during which time cel|s spread fromthe isql ated

conperitetesl fraction ipfiligretarilized. sfxanoted and stprsd @k a7¢ 6rpntihage. The

con SRS oRS Sob o BB 528 e s

med@8ki Al UBed 6r@Ppett tHegirepagisn yEldtcRa0g@8 ot w &alslt$ progenitor cells..
Proliferating progenitor cells are serially passaged

at 4000 ceI I S per cmZ on Type I coI I agenlcoat ed

dl £ '.A _.._ ;_ hO _. .

(no gI ucose, no cal cium vvlth 4 nmM L- gl utam ne): F12
basﬁulﬁﬁ% q@%m%&%« dsebdibeli AbbriM (RhdRRIMRE BRANSN is
with 5 e f| nal concentration of each conponent

harvestiddadre dultéresid the gitermediatestger duripgi apaptesis pf differgptipted cells and the

begilg'n %ﬁr@o gﬁg {)}lp{}? ctg{%hg%l i:]ml%o‘éq%htgn%& rﬁ%‘&%'n? {E cr(])%benjfra%(ed by filtration

and desalted using a G—100 sepharose column. The concentrated fraction is reconstituted to its

original volume with fresh supplemented base medium and used to support the activation of new
progenitor cells derived using cell sorting or other methods such as culture methods to produce

cultures of slow-cycling pancreatic small cells.

In vivo Differentiation of Islet Progenitor Cells

Islet progenitor cells are serially cultivated to passage 6. The typsinized cells are

suspended in base medium and delivered laproscopically via a large needle into the submucosal



10

15

20

g/m insulin, 5 g/m transferrin, 20 pM
triiodothyronine, 6.78 ng/m selenium 24.4 g/m

w@od@nitosd1o 1 nmM strontium chl oride, 1 mM sodi unPCT/US2004/017284
pyruvate, 100 gM non-essentiabiam no acids, and 5 nM
gl ucose. Epidermal growth factor is added at feeding

spacdEihd Medelrhs T'h@‘ﬁﬁog%ﬁit@tﬂel@ BiRsker ShPdiEferenf sl esto Qﬁsuhn—producmg islet
| east 30% confluence. Cells are passaged at 80%

tissueonf | uence or | ess. Heparin Fractionated Conditioned
Medi um for Selective Stinulation of Progenitor Cells.

S? vhlo IR PG B, HRfYERLRE hECRBGHY 318l

over a preparative heparin-sepharose to renpove heparin
bi Asletgrogemtotr kelisoart sersally Thlivateditd pﬁssag)st 6 emd frgpsinized. The cells are

concentrated by filtration and salt u
plat AR AR Sltiplecinin B oAb ol B2 RupTsmetisd Bhed ediom described
abo¥d ‘Mtﬁ heSAditidd S8 nAl icaleRhechiandk, 30 AERSL &lrskolfG a‘dﬁ;dohlsone at 4

use. The concentrated fraction iIs reconstltute _
g/t andom eyienlay of Eb'pmiecqnagtn f Cyssilg s@’uptpte@rf@m etherepsts may be harvested

ium and used Su
and BERVSITL AR of Bl R TRl gy B RRBARY & e pppe forsotin
and YblAdénhdcareatigntAS tdnvalel t@é‘c&faga{ ooyt AltekRitilvelyCelcHll 88spension is
are established fromislets as described_above.
inoalsie] inj rrsel gﬁmw @nitmrg sygenarhiespromotasdhy fymetipef wspended cell
clus h$ %netrlﬂé %{?@g é 91% H{eﬁ%s%grge?l%%ﬁ 'rd]gscgiaed above w1%h the addition of
1.8 0 @alyiuing 6lﬂat1d@md H')fdeoawﬂilﬁ)né am gg/nite dhe oy dts or partlally differentiated
concentrated by filtr t| on %@desal t ed usi ng P%
Cluséf‘éf)ﬁf&rl{%@éteé dangkoscoRia st REcH P cheBinte s SpPHCGSaL space of the duodenum
| volune with fresh
or dt%gﬁéng%#égggbﬁaog@ j{r/r‘razig|08‘r%1iegir¥§iaused to support the

activation of new progenitor cells derived using cell
SO rThmnglouUWbamnbmm@i ig wttter algeca;ﬁn foume withphiodtparttiog from the spirit

T TR N o W ST ——

all E8dee illgdtRkive Eﬁﬂ&ﬁh&rﬂﬁmﬁﬁb'oﬁ B¢ Bivesionddsoried|Hetelidt S¢bpe of the
to passage 6. The typsinized cells are suspended in

inveygion isrdus MHmﬁQd iethe wepanded elginesiedisr than by the foregoing description, and
all cedl & @ﬁ?ﬂ%ﬂ?%é%ﬂpﬂgﬁe%ﬁng%d?gjﬁé}gﬁﬁggﬁ% l%of_f;lﬁe claims are intended

o beleahedtctialicrei@dl | s cluster and differentiate into

i nsulin-producing islet tissue. In vivo Delivery of

Pa rEacﬁldehe%t&ﬁ 8 Birh@ft@shd s%ie@mﬁe[rpammhb@sr d&ﬂ@@uqu@ﬁ@bve is

progenitor cells are serially cultivated to passage 6
inceparatadyysicfeirensd hempirefos @llpyrpeses. 5 pl ated onto tissue

cuL%P ﬁ%@ﬁaStlc in the presence of the suppl enented

um descri bed above with the addition of 1.8
nmM cal ci um chl oride, 10 ng/nL forskolin hydrocortisone
at 4
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gg/ M and an overlay of Type |I collagen. Cystic
structures form The cysts may be harvested and
waledoduesved as is or treated to undergo furtherPCT/US2004/017284
differentiation by the renovabaof the forskolin and
col | agenase treatnent to renove the collagen overl ay.
Al ter natA ykiod dffpRoraghtin BASIR Rell §r ifkol MGt nhfHsing the
a zero gravity culture system which pronotes the
stepf of:mat i on of suspended cell clusters in the presence
of the suppl emented basal nmedi um descri bed above with
t hereddingiina sefum-fre@mefiduoed piimearycdellauitde antprising a progenitor cell and

hydrocartjsone.at 4 gg/m .. The cysts or partially
at leagt_f@sro ﬁ’[‘ﬂ@?@’a“atlagﬁgﬁg?ga g r?lﬁiag%tcgg; | apor oscopi cal |y
USiiAGLhAnd & A8 FeshHisR if IR pRiiiFy COIP Bhlnd0anRr&h thd\@ress res%onse permits

duodenum or alternatively into the portal vein of th
the priogenitor 811 Theeplieate and smpprassesipeoraghidett efdthe at leasiene of the
.~specific for v-thout. d tipng fromthe spirit or
d1ffeer§gtéaﬁmg§16{1 @Hgﬁg\églgﬁegﬁ?tgcg 8‘%{1 8P4of . The foregoi ng
emyodi pents are t.herefore.to considered in .all .
e SRTE g A DBt IO QEPORRHISE CRRRoUl e [P PigeBieefifl, Wherein the
LIRMER b Ao 8GR b REEhRBuRs B may6 RS IRENS fiGthe bAMERE dePiNcultSire.
p0pthus ingggatedcby t he appendgg cl ai s rathgr t han by
the foregoing description, and all changes which cone
wi thi n the method afclame | mdetpsn B seqes rosnoapk goraprises apoptosis.
clains are intended 20 to be enbraced therein. Each
of 4 he e . SG i £ ' j :
i sl osel arpRpaEah 7 yi? Bledels eGP tdrifidel Borosis.
herein for all purposes. W claim WD 2004/108910 .
PCH. US20DHY 03(ha® 41 claid? 1 torhpridingicsiep affisqatiypagagemigr aclls from the
.progenitor cell in vitro, the nethod conprising the 2
pringgrg 6ell gpltugesr ovi ding in a serumfree mediuma primary
cell culture conprising a progenitor cell and 4 at
| east onghOhe@odbof 18 ﬂ”cblgbﬁ_ﬁﬁg €@ stepPé¥budturing the progenitor cells to

differentiated cell; 5 inducing a stress response In
provifle age¢andany aslicultaigl t ure, wherein the stress response
permts 6 the progenitor cell to replicate and

ai Rer en TR BE RO Al lF gfoplsBag rif Eoriifad o feog than s
passhgbslenthi hyddegitér ipsbakiion of progenitor cells

resulting fromreplication, wherein the 9 population

of progenitor cells constitytes a majority of cell.s in
Unel-pr i R e of gleid avhetets e isnens b UG cprRprisep cols selected

r}‘li/‘i’l% loflp Bt ®T SpHRFRPRDS, CRACREIS63Is2RRPIRS kdlls. 1 3.
fro he %i(s)t Rogl%cl)f %I ai lr% 1 wher elﬁr?gt he 1st r gss r esponsse
conpri ses necrosis. ' '
8 The method of claim 7 wherein the at least one of the differentiating cell and the

differentiated cell is a ductal epithelial cell, a nurse cell, a stromal cell, or a fibroblast cell.

9. The method of claim 1 wherein the medium comprises substantially no organ

extracts.

10.  The method of claim 1 wherein the medium comprises between about 0 mM to

about 0.9 mM calcium ion.
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1 4. The nethod of claim11 conprising the step of
isolating progenitor cells fromthe 2 primary cell
w@odosaos10 1 5. The nethod of claim4 conprisi nBCT/H82004/017284

step of culturing the progeni2dr cells to 2 provide a

secondary cell culture. 1 6. The nmethod of claimb5

wher ei nThbeneghtdd daffclai@ 19t weigereiarnhe mséihini@rhiiss tdleinomIonat a

passages of the progenitor cell population. 1 7. The
concgplr it BPut)-98 MM- wherein the primary cell culture

conprises cells selected 2 fromthe group consisting

of {gpi t ' : {:d [ :

celfo, | 1o St deimPERRGERIE s coPifhey siRlgndally no growth
fact@ne of the differentiating cell and the 2

differentiated cell is a ductal epithelial cell, a

nurse cell, siromal cell,.or a fibroblast l.1...21 9 .
ThdSnet b restod i {Rbrsinhe FCinBu i Bbsp B ihiph <21 adhesion.
substantially no organ 2 extracts. 1 10. The net hod
of 1gl ai Mh} ndRsEsMCIdiReE]l Whekielnthe angdiuns esmpdesaciRasgilonsbf a ligand, an
O MMto_ 2 about 0.9 nM cal ciumion, WO 2004/108910
antige@T AUSRTEIY 0a Zrpsdh factopza cypokine, afaphekingd GEmekaeng 4efactor, and a
ho wherein the medi um conprises calciumion at a 2
RYeentrati on about 0.08 MM 1 12. The nethod of claim
1 wherein the nmedi um conprises substantially no growth
2 figct orThelinetBod dhedainel wherenf the Iswpmof indmhimgdhastredsgresponse

mediumis designed to .inhibit cell a ion. 1 14. The..
COMRBHEFIRNG degjﬁatagaﬁt ?ﬁait WS &f @icﬁsﬂaﬁ%pﬁg}%}& ﬁﬁ%ﬂﬁ%ﬁzﬁ?@g@g ap 1ntertfeuk1n- 10
_@edil ; ~ 2 antigen, an antibody, a
pathgfagg\x&ﬁp%g%ggr@eégb%?/?gﬁhﬁg, a | ynphoki ne, a chenoki ne,

a cofactor, and a 3 hornone. 1 15. The net hod of
cl diém 1 Misenehed efelaist bpherein thgweediyn camPLpgsak ieast one of a tumor

respo i S ' f
R e e
apoptdsieMaduci 280 (AAIDEah Bfi@teuhat (Bpy.Fad lignd, Thépoptokisdnducing

of claim erein the nedi umconprises at |east one .
protein ligandnmiransforming gomh fagtarogn c{nﬁgg)}qn, 3 rm&a_tpq?—ggo%cgwatmn normal

hdu j , TNE- L
ol ONSEL S ln IR o THEP s I AAAND and anonadc i

(IL), a Fas ligand, an Apoptosis inducing
17.  The method of claim 1 wherein the medium comprises at least one molecule

selected from the group consisting of nitric oxide, TNF-a, IL-10, IL 1-§, APO-3L, APO-2L,
TGF-B, IFN-y, and lipopolysaccharide.

18.  The method of claim 1 wherein the medium comprises an elevating agent of

cyclic adenosine monophosphate (cAMP).

19.  The method of claim 1 wherein the population of progenitor cells consists of at

least about 80% progenitor cells by number.

20.  The method of claim 1 further comprising the step of stimulating differentiation

of the population of progenitor cells.

21. A method for preventing or treating a disease or condition in a mammal, the

method comprising the step of:
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4 protein ligand, a transformng growth factor, an

endot oxi n, a regul at ed-upon-activation normal 5
wa2mel1bsoexpr essed and secreted (RANTES) nol ecuP@r/UusIv04/017284

interferon (IFN), and an oxadat4- acid. 1 17. The

nmet hod of claim 1 wherein the nmedi um conprises at

| eattnspiumting iret6 dlneammalshe prigeslitdricelR isbﬁt&ra@ékﬁdm to the method of

sisting of nitric oxide, TNF-a, IL-10, IL 3,

CIaWP%sL APO-2L, 3 TGF-(3, IFN-y, and

| i popol ysaccharide. 1 18. The nmethod of claim1l

whepei N rhe nERpdWICEaAR elﬁrﬂzee&%?éisr@ gasnt of 2

cycl i ¢ adenosi ne nmonophosphat e ,& q

met hod of claim 1 wherein the popul ati on of progenitor

cel #3 cosillvéragrogenitop célbpepulativoiconpaidtngmoesenitonells maintained in a
1 further

I od of..cl
oSSR R e ORI RS B L0 pone e

cultmie ﬁﬂtbwb@ﬁiﬂ thé pgetitorRED $6paIkREn Etklititesh Bajorith df%'ilrb‘%ﬁs in the
for preventing or treating a disease or condition in

medigphy 0upb@E. 2 et hod conprising the step of: WO
2004/ 108910 PCT/ US2004/ 017284 -24 3 transplanting

intey a I gCor
‘o ? o :gt vzztrp 'f)r eﬁggyr% 1 opl({lﬁ{iérf fﬁi&n@éfﬁr]& eglrt rigﬁpﬁd culture
med@ifimnk direeiofi bd)ﬂhlesleﬂlns asbgowvsh thcabeiScondaizsa caldiumion bt zli I@oncentra‘uon of
rogenitor P ion onpr|S|ng rogenltor ce
no figfias ity PP Rk Fhiveth BEpraaeai el PopUiEler enmstiies no lss than
80%4 %f Y| @Qlﬁﬁltﬁ%@dlﬁﬁg hﬁ%ﬂe\%ﬁ ﬁo@c%ts ra{‘:\escscl A2 8P @ﬁ'ﬁr% iation and
the cell 3 culturé and ereln the pro enrtor ce -

neogesisat i on constitutes a ngj ority of all cells in the
4 medi um by nunber. 1 24. The in vitro progenitor cell

ati m.23_wh rein the defined culture 2 )

ms i Uum |1§% ?%%n(i@ YB}%{%P"?SEEUHPSEH‘&E%@FH f%plggrscegﬁaropagated in
vitr6 dfvndh®sfalal@Rkw. um i on at a concentration of 3 no

nore than about 0.09 mM and wherein the progenitor

cell population constitutes no I ess than 4 80% of al

cells in the nmedium and the progenitor cells are

capabl e of differentiation and 5 neogenesis. 1 25. A

substantially pure popul ati on of marmmal i an progenitor

cells propagated in 2 vitro fromnon-fetal tissue.



