WO 02/ 057430 PCT/ EP02/00475 Pluripotent adult stemcells derived from
regenerative tissue 5 Description The present invention relates generally
t o i sol atved p2/@3Teioched, nmammal i an, preferably human, adul PCEHERIVW®E!S and
progenitor cell popul ations derived fromregenerative tissue, 10 having
pluripotent stemcell-like characteristics, their differentiation into any
cell type, and therapeutic use thereof. Regenerative stemcell popul ations
constitute only a small percentage of the total nunber of cells, but are
of immense interest because of their ability to repopulate the 15 body.
There is significant commercial interest in these nethods because stem
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skel etal myotubes in vitro and in vivo (Glli et al. (2000) Nat. Neurosci.

3: 986)have|gndaper ob alinigalisasarYYng stam seliaforgenesaiion phe@wanatandiissyeni c
pr OgenifBPfrﬁnsﬂMﬂ&iBﬁsprovides a promising alternative therapy for diabetes, neuronal
disease, liver disease, heart disease and autoimmune disorders, to name a few.
Diabetes, for instance is an excellent candidate for stem cell treatment (Soria et al.
20 (2001) Diabetalogia 44; 407-415; Soria et al. (2000) Eur. J. Physiol. 440: 1-18; and
Bernd et al. (2001) Biomed. Pharmacother. 55: 206-212).

Regenerative stem cells can be found in many adult tissues, participating in normal
replacement due to physiological turnover or in response to injury. A mouse model of

25 intestinal stem cells has been developed (Roth et al. (1991) Cell Biol. 88: 9407-9411;
and Slorach et al. (1999) J. Cell Sci. 112: 3029-3038).

Recently, several reports have appeared indicating that the functional plasticity of aduit
stem cells can be greater than expected. In this regard, neural stem cells from the adult
30 mouse brain produced hematopoietic progeny and incorporated into an embryo,

contributing to all the tissues of the resulting chimeric mouse (Bjornson et al. (1999)
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5 vascul ar structures, neurons, or liver cells (Ferrari et al. (1998)
Science 279: 1528; Olic et al. (2001) Proc. Natl. Acad. Sci. USA 98:
10344; Wyoolbruoiz4zt al . (2000) Neurosci. Res. 61: 364; anBCBEP&4Et al .
(2000) Nature 404: 257). In addition, stemcells isolated from skeletal
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plating and culturing the cells of a) on mtotically inactivated
fibroblast feeder layer; c) selecting and replating colonies which have a
pl uri p St s BRPSCHY in In the cells of the selected colonies 30 are
prefe passages, very particularly over 2-15
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The object is achieved by means of providing an isolated pluripotent adult stem cell or
20 stem cell population and a composition comprising said pluripotent adult stem cell or stem

cell population, derived from regenerative tissue, and having alkaline phosphatase

activity, high levels of telomerase activity and the ability to form derivatives of all three

embryonic germ layers and/or the ability to form an embryoid body.

25 The object is further achieved by a method for isolating and enriching the pluripotent
adult stem cell population, comprising the steps of: a) isolating a population derived
from regenerative tissue containing somatic adult stem cells; b) plating and culturing the
cells of a) on mitotically inactivated fibroblast feeder layer; c) selecting and replating
colonies which have a pluripotent morphology; wherein the cells of the selected colonies

30 are preferably expanded over 2-100 passages, very particularly over 2-15 passages.
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fibroblast feeder |layer and culturing at hlgh density in suspension; and f)
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cells of said desired cell lineage based on the marker gene.

The object is further achieved by a method for selection and differentiation of a
pluripotent adult stem cell population to a desired differentiated cell population,

25 comprising the steps of: a) isolating a population derived from regenerative tissue
containing somatic adult stem cells; b) plating and culturing the cells of a) on mitotically
inactivated fibroblast feeder layer; c) selecting and replating colonies which have a
pluripotent morphology; d) transfecting cells in selected colonies to introduce a lineage-
specific gene for the purpose of driving differentiation toward a chosen cell lineage, and

30 a marker gene for the purpose of selection; e) causing differentiation by deleting the



characteristics of al kaline phosphatase activity, high |l evels of tel onerase
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Detailed description of the invention

The present invention relates to the isolation of pluripotent adult stem cell and

20 progenitor cell populations, derived from regenerative tissue, which can differentiate into
any cell type, and methods for the isolation and enrichment of pluripotent adult stem cell
and progenitor cell populations.

The isolated pluripotent adult stem cell or stem cell population, is derived from

25  regenerative tissue, and has alkaline phosphatase activity, high levels of telomerase
activity and the ability to form derivatives of all three embryonic germ layers. The
isolated pluripotent adult stem cell population also has the ability to form an embryoid
body.

30 The method for isolating and enriching the pluripotent adult stem cell population,
comprises the steps of: a) isolating a population derived from regenerative tissue



undi fferentiated cells preferably have a total expansion capacity of nore
than 1 x1010, nore preferably of nore than 1 x1011. The undifferenti ated
cell s exyw@ss0B8HA- 3, and 15 preferably can express any oOPOBEP02/00475
characteristic stemcell markers known in the art. The regenerative tissue
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tissue, or cell type. These cells can be derived fromthe I nner cell mass
of the blastocyst, or can be derived fromthe prinordial germ cells froma
post - i ﬁihiealetganera’aivertissye cahrbemelehtedafmttlhegrmccmimfmg ehper}'nheral ljeody 15
(EGQ ce g Eég EG cellg have. beer e]rlved fromm.ce.a re recently,
from cordblood, bone marrow, brain, skin, reti air papilla, muscle, Ilver pancrea
epithelium. In a preferred embodiment, the regenerative tissue are epithelia, preferably
20 mammalian intestinal epithelia, most preferably human intestinal epithelia derived from

the small intestine, in particular, derived from crypts.

The experiments show that, in particular, adult human intestinal stem cells (HISC) can
be induced in vitro to overcome their epithelial commitment and differentiate in other cell
25 types.

Epithelia are usually composed of several distinct cell types, and the ability to form all of

them is an aspect of stem cell behavior. The mammalian intestinal epithelium is a

rapidly proliferating tissue, with stem cells residing at the crypt base and giving rise to all
30 cell types found within the crypt (Bach et al. (2000) Carcinogenesis 21; 469).

Experimental evidence for the regenerative capacity of the adult intestinal epithelium



non- human primates and humans (Evans et al. (1981) Nature 292: 154-6;
Matsui et al. (1991) Nature 353: 750-2; Thonson et al. (1995) Proc. Natl.
Acad. Sciwo ug#s79®. 7844-8; Thonson et al. (1998) Sci enceP@BRP2UMAT-7; and
Shanbl ott et al. (1998) Proc. Natl. Acad. Sci. USA 95:13726-31). 20 Stem
cells have been identified in nost organs and tissues. The
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I nvention, as neani ng cells that can be derived fromany source of adult
tlssue or organ, can replicate as undifferenti at ed cells, and have the
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meibi ofE&) q&%ﬂsmlES an@ﬁcﬁ ealls bave heen gdedued from miesrandemonarecanilyeiemme ar e
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(1991) Nature 353: 750-2; Thomson et al. (1995) Proc. Natl. Acad. Sci. USA 92: 7844-8;
Thomson et al. (1998) Science 282: 1145-7; and Shamblott et al. (1998) Proc. Natl.
Acad. Sci. USA 95: 13726-31).

20
Stem cells have been identified in most organs and tissues. The best-characterized is
the hematopoietic stem cell, which can give rise to any of the different types of
terminally differentiated blood cells. This is a mesoderm-derived cell, purified based on
cell surface markers and functional characteristics (Hill et al. (1996) Exp. Hematol. 24:

25 936-43). Also well-characterized are the neural stem cell and a number of
mesenchymal stem cells derived from multiple sources (Flax et al. (1998) Nature
Biotechnol. 16: 1033-1039; Clarke et al. (2000) Science 288: 1666; Bruder et al. (1997)
J. Cell. Biochem. 64: 278-294; Yoo et al. (1998) J. Bone Joint Surg. Am. 80: 1745-1757;
Makino et al. (1999) J. Clin. Invest. 103: 697-705; and Pittenger et al. (1999) Science

30 284:143-147).



intestine and/or at the crypt base in the colon. These observations, as
al so indicated in the exanples, denonstrate that adult human 20 stem
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stemcell or pluripotent adult stem cell population, wherein the cell can
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generate di renti at eages. The differentiated cell types can be
identified or selected by any nethod known in the art. For instance,
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adul t dntesiineand/ormt the atyphdpasad the ealohng the cells of a) on nitotically

i nactivated fibroblast feeder layer; c) selecting and replating col oni es
whi ch have a pluripotent norphology; d) causing differentiation by

del et i mheskeodavatiins hsfaasiRitidadd®n the examples, demonstrate that adult human
20 stem cells, preferably derived from intestinal epithelia, give rise to cells that can form
derivatives of all three germ layers. In addition, these cells share some of the properties
of embryonic stem cells. Thus, HISC can overcome their ectodermal commitment and

show a very broad plasticity that is not restricted to ectodermal derivatives.

25  The preferred HISC, in spite of being adult stem cells, have an enormous capacity to
proliferate. These cells preferably can divide at least 50-80 times, more preferably 60-
70 times, without losing their ability to proliferate and differentiate. After about 15
passages, the cells may become senescent and telomerase activity may decrease.
Changes in the environment could have an influence on loss of potency; it has been

30 calculated that during a human life-time, approximately 5,000 intestinal stem-cell
divisions occur (Booth and Potten (2000) J. Clin. Invest. 105: 1493).



and e) selecting the cells of said desired cell lineage. 20 In a preferred
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sel ecting an repl ating col oni es whi ch have a pluripotent norphol ogy; d)
transf@bfferegtlatedldeﬂ type skinesodermad| eniddarmad andtancddermal origitkker gene t hat
enabl es the selection of one desired cell |ineage fromthe other cell

| i neages that result fromdifferentiation of the stemcells; e) causing

di f Ger emér@wr@rthbml@:%cﬁbhﬂgd&m@tem bélpb+ &&im &@l@ﬁ@pulbwﬁrcaarbé @séd @ing 30 at
hi gh density in suspensi nd sel ectin e cel sai d desired cell

on,
| i neagdlengratp diffepetiatel w‘ﬂlraamgﬁome@hffq:ra@wedrcedlHmpemembeg@ﬁ:fmﬁedw

desire I b I

O by kb b 253 b AR et Do NRUAR. inedBRSRdh e on 058Ut
t he coriisredlfooéomngrmétbio@e suchtasciiusrescent pictivatedrcelifsdrivey fFaGEker othene t o
enabl e sel ection of one desired cell |ineage fromother cell | neages.

Thi s i $usiereandigepypasedmirighpiasioPEer vy e%lr@&devaNé‘ocmmt%hnoI@%m%hred

I
o0, SRR uped W HORCT I Gagg BFedlilt 8hedl Ul Te U8RIl A0 pB flarhse sheiny e
cel | ul aea@ipru({RT-RER)ViviHiciaoarlbei usedt tbartaly zevnealyeesydcificogendexpsressivad cel |

| i neage have been conferred resistance by the expression 10 of the first
mar ker gene, thereby killing ceIIs of other cell |ineages, but not cells of

| 1 o T GEPOS kot DRAR IS  RNABAtot e SR R
15 Tablpduripot€@el adult siean eelSpepilbiion Ry ardesiéed diffensotiated@sllghopedatios, |
(1086) prirsame TisieBe Ofob: 29UNe ARG AIARAGI oS T ARRORRIAE Ra¥S 1 ur et o
car di orpupeNRRY Sin&tic abult §ER$8RI1Is! b) Bldling 4MSUIturing the cells of a) on mitotically
inactivated fibroblast feeder layer; c) selecting and replating colonies which have a
pluripotent morphology; d) causing differentiation by deleting the fibroblast feeder layer;
and e) selecting the cells of said desired cell lineage.
20
In a preferred embodiment, such a differentiated cell lineage can be obtained by
selecting and differentiating a pluripotent adult stem cell population to a desired
differentiated cell population, by: a) isolating a population derived from regenerative
tissue containing somatic adult stem cells, preferably human; b) plating and culturing the
25 cells of a) on mitotically inactivated fibroblast feeder layer, preferably human; c)
selecting and replating colonies which have a pluripotent morphology; d) transfecting
cells in selected colonies to introduce a marker gene that enables the selection of one
desired cell lineage from the other cell lineages that result from differentiation of the
stem cells; e) causing differentiation by deleting the fibroblast feeder layer and culturing
30 at high density in suspension; and f) selecting the cells of said desired cell lineage



factor hANF pronoter 264:6472-79 SOX2 gene neural precursors Li et al.
(1998) Curr. Biol. 8:971-4 Human insulin pronoter insulin-secreting Soria
et al. (2000)oumbetes 49: 157 (H P) cells p63 kerati nocyPeT/spexaolsl | egri ni
et al. (2001) Proc. Natl. Acad. «cells Sci. USA 98:3156-3161; Li et al.

1998 P Acad. S USA 95: 3902- 3907; Zh t 1999 De el .
Se. ohdaisedin emantes tener %smsefp 2ell inprgs oxeambleopsges ngr '
Sei encny e, Hofiaht BandBic Wirclo AR RANoraP ldrehRR i bar a et 2l (1997)

J. Neurosm. preparatlon and process for the
pll fferenti | at [ on and sel ection thereof is disclosed | n WO 95/14079, which

d t he discl f .the ti
02/ 057405 PETUGIB 4TS IR ORER o1 FiOIsiar el CBLRsD PRDRs SRR Pon
rel gt esmhked g@ﬁé hoénbBle $d18ctict SCohOBesiRE cail frf\@ég%ﬁfrbﬁht b0Br 81 PhaHddot ent
adult stemcells to a desired differentiated cell” Iineage conprising the

st eps a)his ig achigyed by tiging prerdpiesmétictpiscatsivated a@lynrm theagesirad celblineage.

obt ai ni ifferentiate ceII I noth referred
enbod rAeRnoR e THafkek o8BS Behtomferciylodi SRl tande, helBR it " and
di f f er an¢luaés sencahythe Biivsd didvéritiaé e celdht popwation wih 4P atisiest ted
differentiated cell popul ation by performng steps a) - c) as above, and

t hen, awhigh epllg af the @@sam ealklinegoediave haerseprdetred r@@lstﬁcﬂcedow iBei expresRier 3
3
RSBk o By B0 1 Pl el AP B B

cel | s atestredloreogail |mea@}@thanekmegsﬂﬁama‘rk@fr d.ated and select ed accordi ng
to steps e) and f). The marker gene can confer antibiotic resistance,
wherein selection includes contacting

The promoters listed in Table 1 are useful for the selection of specific cell lineages:

15 Table 1. Cell Lineage-Specific Promoters

Promoter Obtained Celi Literature
Lineage
a-cardiac myosin heavy | cardiomyocytes Klug et al. (1996) J. Clin. Invest. 98:216-
chain promoter 24
human atrial natriuretic |cardiomyocytes Wu et al. (1989) J. Biol. Chem.
factor (hANF) promoter 264:6472-79
SOX2 gene neural precursors [Li et al. (1998) Curr. Biol. 8:971-4
Human insulin promoter |insulin-secreting Soria et al. (2000) Diabetes 49:157
(HIP) cells
p63 keratinocyte stem | Pellegrini et al. (2001) Proc. Natl. Acad.
cells Sci. USA 98:3156-3161; Li et al. (1998)
Proc. Natl. Acad. Sci. USA 95:3902-
3907; Zhu et al. (1999) Devel. 126:2285-
2298
C8/144B hair follicle stem Lyle et al. (1998) J. Cell Science
cells 111:3179-3188
Msi-1 neuronal cells Sakakibara et al. (1997) J. Neurosci.
17:8300-8312

The cell preparation and process for the differentiation and selection thereof is disclosed
in WO 95/14079, which is encompassed in the disclosure of the present invention.
20



15 the mxed differentiated cellular population with an antibiotic to which

cells of the desired cell lineage have been conferred resistance by the
expressi moof/oxasod | i neage-specific gene, thereby killinpCcTerPézoafs t he
ot her cell |ineages, but not cells of the desired, one cell I|ineage that

the|i - i fi ve. 20 Foy .inst the foll ow
const r CHIBIR er L ASPBc U8 MaiRATPP P RS B ad apeieel PO A
pancr eafiffSrentiBfich bnpﬁﬁ%ﬁtwuﬁtaét@m 18 DXcledirddr diffdrerflinfsd Lol MibageCW- cdx,
hl ns- pGK- hygro, where ‘gc tonegal ovirus), L32 and R-actin are
const i tepmprsing therstepss) -af doy dgingphe indieatedysdmoien (asriediabie 1hied hl ns

(human | Lin) are. I i ~specific genes. Suitable genes for
t hese c%ﬂéﬁ%% %?Sére%g@ﬁ?%gﬁ'&&f%&@%n?%%erance in the literature and are
knogn to those of skill in the art. See e.g., Sakakibara et al. (1996)

Dev. Biol. 176:230-242; and Watt (1998) Phil. Trans. R Soc. Lond. B
353: g31ngmptherapreteread ambodiment adiffgientiatachest lineggexarsba obiingd pgnt z et

16’ 610wt arEirelbMgind Fpbapprekn Pt et Popy i AResia v o2

et al . dif&@htiatvd cdll pdhyiaiion by Pericasirstepe sl - ckasebobbyandthen, as step éd)’
281: R229-&X36, The differentiated and sel ected (3 cells can be tested for
qual i tﬁr%ﬁe@m%ﬁiﬁém%&ﬂ% Pﬁ@ﬂ%%ﬁ"ﬁ@@é@%ﬁé‘nﬁﬂg@@ﬂeplﬁc'@@ﬁéomhelo WO

024@57 . L + : a o
C2H85 o BTN enbao Ry 200 . gl gl 3 €
' CZ Ghepuepose of selection. The cells or cell population can then be differentiated and

selected according to steps e) and f).

The marker gene can confer antibiotic resistance, wherein selection includes contacting

15  the mixed differentiated cellular population with an antibiotic to which cells of the desired
cell lineage have been conferred resistance by the expression of said lineage-specific
gene, thereby killing cells of the other cell lineages, but not cells of the desired, one cell
lineage that express the lineage-specific gene.

20 Forinstance, the following constructs can be used to drive undifferentiated stem cells
toward a pancreatic, insulin-secreting fate: CMV-pdx, L32-pdx, -actin-pdx, CMV-cdXx,
hins-pGK-hygro, where CMV (cytomegalovirus), L32 and B-actin are constitutive
promoters, and pdx (pancreas/duodenum homeobox) and hins (human insulin) are
pancreatic cell-specific genes. Suitable genes for these constructs are described for

25 instance in the literature and are known to those of skill in the art. See e.g., Sakakibara
et al. (1996) Dev. Biol. 176:230-242; and Watt (1998) Phil. Trans. R. Soc. Lond. B
353:831-837; James et al. (1991) J. Biol. Chem. 266:3246-3251; Loreniz et al. (1997) J.
Cell Biol. 189:1553-1565; Suh et al. (1996) Mol. Cell. Biol. 16:619-625; Silberg et al.
(1997) Gastroenterol. 113:478-486; and Yamada et al. (2001) Am. J. Physiol.

30 Gastrointest. Liver Physiol. 281:G229-G236. The differentiated and selected B cells can
be tested for quality and characterized using the parameters listed in Table 2.
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T76 O.1-OacaNU cor_ & ca C acUO coa QCcoUcan 0cn v
(DE.n waoms7a30)COa) O U c aa) a) 0 co OO0 OE E cnPCrap2ngzsa 2 O a
11 V\002/057430 PCT/ EPO2/ 00475 Pluripotent adult stemcells can also be

differenti,ated. b od kn [ he art For in co ulture
Gt hainhEpaEnt 2wl Qe cell Gart B e Risteren iao by AnydaRTiEnkgw §i B #
fact or *&ﬁnsﬁhh@é dﬂléuﬁdrﬁ%lﬂpﬂlff&erﬁ}é{té&' Eells %’etkrﬁékoﬁﬁ%n'aethé%%‘éjltldh she
differentiation of stem cel

growth factors or other modlflcatlon of culture conditions can be used in the

differentiation of stem cells.

Another subject matter of the invention is a drug product which comprises pluripotent
adult stem cells as mentioned before and/or differentiated cells as mentioned before
wherein the differentiated cells are selected from the group consisting of neuronal,
myocardial, hepatic, pancreatic (including islet cells), renal and/or dermal cells. The

10  drug product preferably further comprises suitable additives, adjuvants and/or a
pharmaceutically acceptable vehicle. The drug product can be used for treatment of
diseases such as diabetes, neuronal diseases, liver diseases, heart diseases and/or
autoimmune disorders. Subject matter of the invention is further a process for the
preparation of such a drug product.

15
Another subject matter of the present invention is a method of treating a disease,
wherein pluripotent cells as mentioned before or differentiated cells as mentioned
before or a composition containing these cells are administered to a patient in need
thereof. The differentiated cell or cell population is here preferably a neuronal,

20 myocardial, hepatic, pancreatic (including islet cells), renal, or dermal differentiated cell
or cell population. The disease can be diabetes, neuronal disease, liver disease, heart
disease or autoimmune disorders. The therapy can be human cell or gene therapy,
preferably in transplantation therapy.

25 The invention additionally relates to providing a diagnostic composition comprising the
pluripotent cell or cell population or the differentiated cell or cell population or a
composition comprising at least one of these cells or cell populations. The composition
may contain a pharmaceutically acceptable vehicle. By “vehicle” is meant a carrier for the
administration of differentiated cells, preferably sterile isotonic saline. The composition

30 may also contain reagents for determining the physiological or morphological response

12



Anot her subject matter of the invention is a drug product which conprises
pluripotent adult stemcells as nentioned before and/or differentiated
cells aswentiomed before wherein the differentiated cel PeT/AP®/®eISeCt ed
fromthe group consisting of neuronal, nyocardial hepati c, pancreatic

(1 ncl udi et rena an [ or .der mal 0 dr roduct
(L Ul bl s bEBoL 50 Sh Pl SaTEL 5 i Sl
pharnaq@gmhgahiy accept abl e vehicle. The drug product can be used for
treatnment of diseases such as di abetes, neuronal diseases, |iver diseases,
heart di seases and/or autoi mune di sorders. Subject matter of the
invention i.s,.further .a process for the preparation of such a drug product.
15 Anoé%@ﬁﬂgg%?é%ﬂl%gﬁyﬁpg%f the present invention is a nmethod of treating
a dpsedsgure WaR6WS AdRltHUNRAY eftim eelld deied RO Qitashilbelione ScaldivakeLero at ed
cells as nentioned before or a conposition containing these cells are

adni ni dtrer é4) Phase panirasiimageneidtuman éytesiinal epihalial cefls inalateddrararfresdr cel |

popul at ';ﬁ%l |k\l?ensgﬁegsp%%%gﬁggb%’aéﬁe@ﬁﬂho% vefid dORRF&T ﬁé)gi’?a &litkegs[t image of

pancr eat ng | s AL TR S nt|

or cel larpdi8C-& ¢alony §hewmge;ﬂaapoteanlub@rrd:rpbelbgy aftee 26atis ccﬂw&a@ (Q@)i ver
di sease heart di sease or autoi mmune di sorders, The therapy can be human

cel | ol$&nd Qol%Wa(tH}d'Catﬁﬂé?ye@ra‘bWX/Sh‘PW‘f‘QMBPBWF‘&Rﬁ' §’Fﬁ“?‘ﬁ8rf9b§|ka|2@? The
condr HbsPliftasbr e HolcBldh feedet 1B (rthciled o AAAAS) W EMIRRT hbbhe for

cel | oralkatink mmphatawstamnag (DnPhssd c@mtrasimpagemi@naEBlfemed érunysfaftdnese

cells or cel I uI at i ons cQnposi tion cont.aih a pharnaceutically
accept & H”Q@ e2 CBbS @?9;&? sity sinRIasHic Pe“(f' ishes, indhe ?ngn%?dﬁfm stration

of dif frey l%ta?ﬁ'j Png.lnf S EPSGH@&‘@UIVhé&%' e %%%?élﬁea%ﬂf‘ﬁ% aﬁﬂﬁod

conposi t| on so ‘contal n reagents etermning t ysi‘ol ogi cal

or norpbomglgzmglthe@iﬁhéeeplme\/\o 02/ 057430 PCT/ EP02/ 00475 of the

dif erentiated cells or cell line to nmutagenic, toxic or beneficial agents
r Streatments. Descri ption of the drawings 5 Figure 1 shows adult human

St em CelihFredBEh¥RE sbhfimhaut h@ﬁiatn*'@em%lls%%lh@d%frﬁan aHﬂQod@ F@cdgﬁ]zn‘?@ﬁffee

contrast”image of human intestinal epithelial Ils isolated fromfTesh
. SSEA-4 epitope (A) and a phase contrast view of the same field of cells (B).

Figure 3 shows alkaline phosphatase staining of a human intestinal stem cell EB (A)

20 and a negative control (B).

Figure 4 shows that adult human stem cells derived from gut epithelium differentiate into
different types of cells. Scale bars = 100 ym. Adult human stem cells after 6 days
formed EBs and were subsequently differentiated by plating at high density, in the

25 absence of fibroblasts, on gelatin-treated tissue culture plates. After 1-3 weeks of
culture in these conditions a variety of differentiated cells appeared. Among the
structures identified were (A) hyaline-like structures (indicated by arrow), (B) neural
ganglionic-like structures with elongated processes that extended out from their cell
bodies forming networks (indicated by arrow), and (C) secretory glandular-like

30 structures.
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smal | intestine specinens obtained from cadaveric donors. (B) Phase
contrast inmage of an H SC-2 col ony showi ng pluripotent-I|ike norphol ogy
after 23 wayxouhsocul ture. (C) H SC 2 colony (indicated bpCHEP@M4howW Nng
hi stochem cal staining for al kaline 10 phosphatase. The fi brobl ast feeder

| ayer (d:ndi ' ' ' hat ase
stai ni OGS AR narer BRbREs T Al ERRL Ko ey ofadidl bR oM " o
HI SC- 2 ceis] Scale baugh= denent DifférenBhrst HISEe!ddlis $tngs) rdattdcdig absence of
fibroblasts and rhLIF. (E) Sone adult human stemcells stained with an

ant i bodimynasyiprheinigtry ResaEENIt regnaaleral antibedigs(Ab)agairstastederiul t

() and SOy e B ribich SO SAlipER s S b BfonyRdo prid, °F°
shogs qCkadndagainetniesbdeanreiciis)guch as Virmentin (0}, egtin(Bl), sicdeseid (5B (A

20 and a negative control (B). Figure 4 shows that adult human stemcells
der i ved-awasninganasppetidly wias absewed deh endodairoprogiufise seal asyptejoproteisl | s.

wer o subbogainenoni Pbhe SRR bloT HoRF ool ng mirdiout 2o RrkaRR 6™

absencqCyf fibroblasts, on gelatin-treated tissue culture plates. After 1-3
weeks of culture in these conditions a variety of differentiated cells
appeared. Anong the structures identified were (A) hyaline-like structures
(1 ndi cat: |.Q0L S ik ke r UG | | ongat ed
(90,2358 o608 Kt BicPusof mlROhisgibr ey Rt Bl

(i ndi catatdureyic dactowhARRY pfdBhotee ¢Aeand ¥ rainaad irlsailin l(hie) Blormbten¢Byres. 13 WO
02/ 057430 PCT/ EP02/ 00475 Figure 5 shows marker expression in the
differentiated progeny of adult human stem cells. Scale bars = 50 m

DIffer efyd @l@%ﬁdiﬁﬁ'rﬁg%%éﬁt{ f rﬁ)ee%w aé&%%gegﬂillemﬁ‘ﬂrg\?‘é}‘t%%% Stry assays

w t h nonocl ona S agal nst ectoderm proteins, such as

neur of iUraieestand@Be (Mentioprarakitspilim)ipleamhdpdwantdgds. | Thafolloadng eramplesei n 5
(C,,. and ai nst nesoder roteins, such as vipentin (C), actin ), and
o n 86 N0UrBs e TR RRARG G HGETTolE Yeveesie Pobls WoR 1068508 IHdSebuct o
such as a-fetoprotein (F). Cells show ng i munoreactivity for both

ect oderm and nmesoderm are present in

Example 1
HISC Isolation and Culture

20 Isolation of adult human intestinal epithelium

Five specimens of adult (between 25 and 50 years old) human small intestine (a 2-3 cm
piece of duodenum) were obtained from cadaveric donors (Table 3). First, specimens
were thoroughly rinsed in 100 ml of sterilized phosphate buffered saline (PBS) (Gibco-
BRL) at 37°C with a syringe. The mucosa was dissected from the submucosa, cut into

25 strips that were rinsed again in 100 ml of sterilized PBS, supplemented with 250 ng/mi
amphotericin B (Sigma), at 37°C, and then incubated in 20 ml of PBS, supplemented
with 250 ng/ml amphotericin B and containing 10 mM dithiothreitol (Sigma), for 30
minutes at room temperature. Afterwards, the strips were rinsed again in 100 ml of
sterilized PBS supplemented with 250 ng/ml amphotericin B, at 37°C and then

30 incubated for 45 minutes in 1 mM EDTA (Sigma) plus 0.25% trypsin (Gibco-BRL) in
Dulbecco’s modified essential medium (DMEM) (Gibco-BRL) at 37°2C. Finally, epithelial
cells were detached by gentle shaking of the vessel. The cells suspended in the

14



(©. 10 Figure 6 shows (418 selection of human intestinal stemcells using
a human atrial natriuretic factor (hANF) pronoter (A) and a human insulin
(hl'ns) pmooor/es7430B). The fol |l ow ng exanpl es and figures PCTEP@RI®UEt t hose
skilled in the art to better understand the invention and its principles

1 et RO ere e iU BT APRGH a0 hSH PEReGR 0 ME ARSI,y o

| sol at irpreed iR hared DIMEM sol ati on of adult human intestinal epithelium
Fi ve specinens of adult (between 25 and 50 years old) human small intestine
(a 2-3 cm piece of duodenum) were obtained from cadaveric donors (Table

Shosphig R and St hubABb RIS B HubfhrchBeBlin® egitita. 07 11,
nmucgsa m@mbqhgt%eu@dowgmthe subnucosa, cut into 25 strips that were
rinsed again_ in 100 of sterilized PBS, supplenmented with 250 ng/ni
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wer e detache e vessel cell's suspen In the
14 WO mm&m&ﬁmnml@mz Eoeﬁ5548 hednsu theneulture mediuat whyg chahged e/élfterrtenugh an
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duodenum of a donor. ésol ating this cell” Iine, 107 cells obtained from
t he pr dvdr@ashoppassagel 5 X/Vé@ fltpnoata@ts wareplatedonia 10Gsw tisste gubui dinbes,

boign g}l[ﬁ{fotfgwﬁn%r%%ﬁgro L4, ﬂ[?'[ﬁlr% Hgn,(%uﬁglgoevghﬁt gganl\ﬁency](g% faey}s |

The medium was changed every 24 hours. When confluent, the fibroblasts were

trypsinized and split.
Finally, to inactivate confluent human fibroblasts, they were incubated for 3 hours at
20 37°C in the fibroblast culture medium in the presence of 10 ug/ml of mitomycin C

(Sigma).

Intestinal Stem Cells

5 x 10° isolated epithelial cells (see previous protocol) were plated onto 60-mm tissue
25 culture dishes (25060-60, Corning) and cultured on inactivated human fibroblast feeder
layer (75.000 celis/cm?), in DMEM supplemented with 15% fetal bovine serum, 0.1 mM
nonessential amino acids (Gibco-BRL), 0.1 mM 2-mercaptoethanol (Gibco-BRL), 2 mM
glutamine, 500 ng/ml human recombinant fibroblast growth factor-2 (rthFGF-2) (Upstate
Biotech), 100 IU/ml penicillin, 0.1 mg/ml streptomycin, 250 ng/ml amphotericin B and
30 1,000 units/mi of human recombinant leukemia inhibitory factor (rhLIF) (Sigma). After 8
hours of culture, the culture medium was changed. Then, during the subsequent week,

15



10 100 U m penicillin (G bco-BRL), 0.1 nmg/m streptomycin (G bco-BRL) and
250 ng/mM of anphotericin B (Sigma). Every 48 hours, the culture nmedi um
was changed02/#5783r ten days of culture, fibroblast growthCWaB2WITIeNt .
Then, human fibroblasts were selected, transferred to new dishes and

X Toan ekt Rl oStk R, By MB RS it byp I &REth Rgg°a0"

cul t ur eshanget fewvepaf® houks.obl ast cul ture nedium and grown to confl uency
(3-5 days). The nedium was changed every 24 hours. When confluent, the
fibroblasts were trypsinized and split. Finally, to inactivate confl uent

h fii P ; A ' . i
A e S A B
( Si gna)the lcetle sernamlediseemoteldyers To d€Edssdbé puety efthebelcels, they hweré staned

(25060 80 econttiang) Call el Grtehialn i st cneiRA™ mAtoS 458 FBkder
Bé{er (1821280 il ing(frceg@ém (mm?gg&/%%&ggﬁ ggﬂ@@&&/ vbibal B diadal By diopg! UM

MM nonessenti am no ac , 0.17nmM 2-mer capt oet hano
( G bco-BRLpercentage ofl cellapasiivesoocyigkedatihtiithwas eleterminadoyf i br obl ast growt h

factor-2 (rhFCE- Upstate . Bjotech), 100 IUm penicillin, 0.1 ng/m
strept d'PH/ ?QRC%%?%@PW‘%%@&)&H cin B and 30 1,000 units/m of human
reqgonbi nant | eukem a inhibitory factor (rhLIF) (Sigma). After 8 hours of

culture, the culture nediumwas changed. Then, during the subsequent week,
15 WO dvnRriedoboringrbpeverks, epibedal calls sonsau Hestiaggbtieethis {ime,

it ai ARG AT a TR Vb bR FRRE ail Sels Feard Bthiomale,
days ofolsseriad growdri§drem trfe nbsstingl &SitHetiEPESIPSLIRFe ST RY 681K wdie sie&ed, t he
purity of these cel they were stained for the epithelial cell marker,

cyt okertansfertegto mpwfdi@wcamcﬂ expandast by malrng igriay samp celiurimedium. tor
LISl ) ceaiau MR ShER e AP Ao The
I Muno@a3084e BestoryDickingeny T ndw inactivated human fibroblast feeder layer (75.000
cells/cm®?), in the same culture medium, and grown to confluence (5-7 days). The
medium was changed every 48 hours. When confluent, the cells were trypsinized and
split. Using this methodology, four clones were established (clones: HISC 1 1o 4; Table
20  3). Although the four clones showed similar characteristics, only data from clone HISC-2

are shown.

Table 3. Profile of Intestinal Tissue Donors

. Death Time in ICU Time from extrac-
Patient Age | Sex tion to isolation
cause (h) (h)
First (HISC-1) |40 [Male |Stroke 96 4
Second (no Femal
) 50 Stroke 96 4.30
line) e
Third (HISC-2) |32 |Male |Accident 15 2.20
Fourth (HISC-3) {39 [Male |Accident 10 245
Fifth (HISC-4) |20 |Male |Accident 18 3.50
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During the follow ng three weeks, epithelial cells continued proliferating.
After this time, small colonies with a norphol ogy resenbling pluripotent
stem cel IwOowWBoT43mCcasi onal |y observed growi ng fromthe i PCEEPIZMENITS
epithelial cell cultures. These cells were selected, transferred to new

di shes and expanded by culturing in Qﬁ@@lﬁe culture medi um For 15 each
passage, 2 x 106 cells were culﬁlgégi |ssu!e culture flasks (Falcon 75
cn2, 353084, Becton Dickinson) B ed human fibrobl ast feeder
Iayer (THroQ ﬁouﬂﬁé'oﬁlﬁGf@ rldeﬂerh% @rﬁimer@%hhtérdestﬁ'gd'p'é%s BHQWHIBC-2

confl uence 7 days) medi um was changed every E ours. Wen
conf | ueells ﬁwe@l@qr@e W@mem@eml (ﬂldll@rﬂha@@iﬁrlﬁww%% mmurﬂmtﬁamﬂlbgy

et ouREeEERGRRR i nichidlifiia eheiia depd9autnil Blou i so -

are shwgh nTalbbet@cthptafsm mtimf al mgI@@Trd)lﬁeﬂatﬁﬁhS'awi‘(dathg tuB@L-hsTh)rmhe n1CU
Time fromextrac- Patl caus eg; lon to isolation (h) First

(H SC- BXPagsa\en ef §5Fdka (5@“49 1§éc%§§A(41 ‘QHF%‘I?A)SGn@tQC&T& Akalingo "|ine) e

10 o7 PP ElecBR AR RS (A ooratl sEaM L f e e Bl e

PCT/ Eg&ﬁtéﬂﬁa‘?ny ldE)ramde)ff cyt@chdriiSirgiwitrespemificptimary ﬁ'ﬂ!rbo@wmmmdﬁanja)l amniﬁ g
1 ' renti t age assq -12 H SC-2 ce]ls showe
ot pilafalsgaeih tvermream THIRES sadoianiaroboey (SGEI LY coTiponl THETeIODde | -
51ik nin
Cri gur JTRNES0GRH Sqreating fér e pRisBfios ok Bl knBAREAPA! CeiPmARtark. Slerpaet 1 10
(doubl |8@EA+1mSSEA& I@CTMa@ TRApt-E88sinuinT BA-S8EAcan alsioche asdd k) ch&8Eferike

(Figur plunBotenf]I stor cells Aéhambpo?t et al. (1998) Proc. Natl. Acad. Sci. USA 95:13726-31.

15 Early passages (2-12) of HISC-2 cells also had a high telomerase activity (twice that
observed in the immortal human cell line MCF7). Telomerase activity was measured
with the TRAP assay. Cells were lysed as previously described. For TRAP analysis,
the reaction mixture was performed in 0.2 ml thin-walled tubes, in a 10 pl volume
containing 50 uM dNTPs, TRAP buffer (final concentrations of 20 mM Tris-HCI, pH 8.3,

20 1.5 mM MgCl, 68 mM KCI, 0.05% Tween®, 20.1 mM EGTA), 100 ng TS primer
(AATCCGTCGAGCAGAGTT) (SEQ ID NO: 1), 100 ng CX primer
(CCCTTACCCTTACCCTTACCCTAA) (SEQ ID NO: 2) labeled with HEX
phosphoramidites (Perkin-Elmer Applied Biosystems), 2.5 U AmpliTaq Golg (Perkin-
Elmer) and 1 pg of protein cell lysate. The tubes were incubated at room temperature

25  for 20 min, then heated to 95°C for 10 min, followed by 35 cycles at 94°C for 30 sec,
50°C for 30 sec and 72°C for 45 sec, with a final extension step at 72°C for 1 min in a
Techne Thermal Cycler. For gel analysis, an electrophoresis was carried out in an ABI
PRISM 377 DNA sequencer (Perkin-Elmer). The samples were run in the GS 36C-
2400 module for 3 h. DNA fragment analysis was performed using GeneScan 2.1

30 software (Applied Biosystems).
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phosphat ase was detected with Vector Blue substrate (Vector Labs) and
SSEA-3 was detected by i nmunocytochem stry with specific prinmary mAb
(Hybri domeo Bxedey30and 10 | ocalized with fluorescent (TR TGrCEER@NMHATSY
anti body (Sigma) by confocal m croscopy. Im*runol ogi cal screening for the

f |
R 1 s netheds 1 B E e aian o ROl HSE Ghuise BR G RPIoNt: {TShBRE of om
cel | . gt Sbisthindd B9 Bufhar b o Aol iRproRugragn o1, 15

Early passages (2- | s al So had a high telonerase activity
(twi ce Quantitatives BTvBGH ean he usegdocanfimm iae ogginl and elkanacter)of isklaiedetame

oscr | U B EER CoprBpbu M patdhseriion TndBlea oY TFR4ESBI20. 2

t hi B- wadrieeOct-ub s addiion, iératondq lstirties @Qﬂi‘bélp@mnﬁs@ théiﬁElﬁﬁratEW buf f er
(final concentrations of 20 mM Tris- HCl, pH 8 mM Myd 2, 68 nmM

KCl, O. Bnaqta@@ympfyellszomlsmt@mpeLm@tﬁgilatmqsmsmﬁlSCdmmmmggA@l@m
(SEQ Ig]cmo H&i}soo ng CX primer (CCCTTACCCTTACCCTTACCCTAA) (SEQ I D NG 2)
| abel e %tﬁ phosphoram dites (Perkin-Elner Applied Biosystens), 2.5 U
Ampl i Taq CGolg (Perkin- Elnmer) and 1 fag of protein cell l|ysate. The tubes
were incubated at roomtenperature Zxahihle®0 nin, then heated to 959C for
104pin, followed by 35 cystasiater¥ihbn ib MAisRCCell F98&s for 30 sec and 72C
for 45 sec, with a finall extension step at /Z22ZCfor I minin a Techne

Ther rnalwmolaloweﬂdo ditierembiatey i \giro by alltesing ap highedénsityain plastic Betrodishes, an

ABl  PRLSM 377 DNA El ne Th I GS
26 24DaN6 205 ERs o PR ahe i tFamd Bk oS piETnras ik o Fo il
GeneScaulidre, m@&gfde‘ﬁ@r(ﬁaé s' 24 2Bl EBE | Figlire YQ 081B88&4éhnt in vitro

PCT/ EP02/ 00475 O her net ho for characteri zation i sol ated HI SC can

al so bdliieisintigtien, %PbﬁﬁgéWpBW@%EBa@tme@@@lm ieihergbsemeetd fipreplastsi ng

corf r it BRBghABRE Nl G AEtse. BRI b el ot iigciinf otkeitd e
expr essdays, PdveRlldy A Qarietyt didifefdilatetNcéIRG t s, iyl Oftiroagiffékdritiatinoechrread
Cct-4. In addltlon teratoma studi es can begfperformed to denpnstrate the

pl uri povReitilee- 2 eelisswera pultureddn s absenpasefl embaionis flgigbiastsarg at adgh
| nt esti G PhERSH AL pro@tics! &8 §684rke of rhLIF.

20 After 1-3 weeks of culture in these conditions, a variety of differentiated cells appeared.
Hyaline structures (Figure 4A), neural ganglionic-like structures with elongated
processes that extended out from cell bodies forming networks (Figure 4B), secretory
glandular structures (Figure 4C) and contracting muscle, pacing at frequencies of 30-70
pulses/min., were observed.

25
Immunophenotyping of these cells was also carried out. Differentiated HISC-2 cells
reacted with antigens characteristic of all three embryonic germ layers in
immunocytochemistry experiments using specific primary mAbs (Sigma), localized with
fluorescent (TRITC or FITC) secondary antibodies (Sigma) and visualized by confocal

30 microscopy. So it could be shown that differentiated HISC-2 cells strongly expressed
the ectoderm proteins neurofilament-200 (Figure 5A), syntaxin (Figure 5B) and glial
fibrillary acidic protein (Figure 5C) and the mesoderm proteins vimentin (Figure 5C),
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Exanple 3 10 HHSC Differentiation into Multiple Cell Types Wien allowed to
differentiate in vitro by culturing at high density, in plastic Petri

di shes, waorbs4mmbsence of fibroblasts and rhLIF and in theT/ERooEdi um as
that used for initial culture, HSC2 cells (passages 2-12) forned EBs

ot by iy B SR hed B S A58 SRl el Bl Py R 25
tissue didobidi® mba&&soc-fétegmsm' @urg%fri I oReshdrgh ! rFLF@afe 56! 86mie%etisX

days, revealed a variety of differentiated cells. ThuS, I1n vitro

di f f er eexpregsedmadaurs frodn twh gerilli8@ra (mesbderneaadadicderet). i n t he absence of

enbryonic fibroblasts and at a high density, both in the presence and
absence of rhLIF. 20 After 1-3 weeks of culture in these conditions, a

var set yyRbn @ultlighg :Pfltl;:@tﬁ‘éef;@bhér ﬁﬁé%ﬁeﬂsl thé‘b@héa Rt BIoMRtaSEactivity e 4A) .

neural ganglionic-l1ke structures wth elongate processes that”extended
out fr cahoweld a bbangsd Marphelggy endotdoseggadyonatiferdlion sater(doubhng tihearddd ).

structuges, (Figure AC) and..co tlng, muscl e aci t .ffiequenci es of
3. 70 ‘il PaRs et 8 HUSC 2 B AR s Reifelin bt ece cel 1 v
also carried out. Differentiated HI SC-2 cells reacted with antigens
characteristic of all three enbryonigg gyl ayers in inmmunocytochemn stry
ex%ri ments using specific prbmrré( 10§ fi tio ocalized with
fluorescent (TRITC or FITQO Sigma) and visualized by
conf ocd)esifibedds asgemetic dtrichinam wpgrdeehsthatfaciliatesdhé igenerdtioatafchighiHC- 2

cells strongly expressed  the ectodermproteins peurofil anent-200 (Figure
5A) , sﬁﬂ%‘!@gﬁ CPﬁPgﬂﬁ%f %ﬁ'%‘ﬂb@%ﬁ%ﬁfomﬁ'g‘?ﬁeﬁﬁ'%@g Hiesnal Sﬁﬂt’%‘iﬂ Hﬁ’(fﬁogﬁn’fe 5C)
and th S r ' v'mﬁ%ti ﬁ"ngﬂr ki

PCT/ EPSC%'O?} % éﬂa@{)%ﬁk@ﬁ?ﬁ e Dgsrba{(r)\d éﬁ‘%ﬂ%éﬁ‘é@sﬁ@%@&”ﬁ ayed

| ower icommoneactankackbboe intbeundiffetediated pniediicallyaddrateniplotipdtent E¢lipur e 5F) .

As gbserved in Figure 5C, sone cells expressed markers fromtwo germ
IaQ rs (mesoderm and ectoderm. 5 When culturing H SC-2 cells after passage

decr eas s B B B o S e Y on
capaci togllsf linkegdoa owlrker gene ayiabdx forersichmsnt of cells carrying the DNA. In this
example, the phosphoglycerate kinase promoter and a cDNA encoding resistance to
hygromycin were used; the transcriptional unit is designated pGK-hygror. The second
20 transcriptional unit comprises a cell lineage-restricted promoter, linked to a marker gene
suitable for enrichment of the desired cells. In this example, the cardiomyocyte-
restricted a -cardiac myosin heavy chain promoter and a cDNA encoding
aminoglycoside phosphotransferase were used; the transcriptional unit is designated
MHC-neor.
25
Undifferentiated, intestinally derived pluripotent cells are transfected with the MHC-
neor/pGK-hygror construct. Cells incorporating the DNA are enriched based on their
resistance to hygromycin. Differentiation is then induced, and once evidence of
cardiomyogenesis is observed (i.e. spontaneous contractile activity), the cultures are
30 treated with G418. Since the a-MHC promoter is only active in cardiomyocytes, only

these cells express aminoglycoside phosphotransferase and survive G418 treatment.
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Exanple 4 10 Differentiated Cell Selection Described is a genetic

enri chnent approach that facilitates the generation of highly enriched
cul t ur es vob ozex7dioonyocytes fromdifferentiati ng i ntesti naPCOEPIVBATS
pluripotent cells. The approach reI ies on the use of two transcriptional

t t roduced back t df t ed
't ost TR 657l SryBraR Tl ATRSPRR het Heoavariage 1t vaey e AIPERal uni 1

conpri §ggnially BIFRIEAtIFSECRFGHS Mb&yt\éﬁ@ahft% géﬁérﬁfééﬁ sﬁ’ic%f%ll ﬁSrHJ s, linked to a
mar ker gene suitable for enrichment of s carrying the DNA. In this

exanpl gardineyoleytestarglslicsnatesl fkomabe cplturmtl\dor@:w@rathe[amrewwueayily

G hy R aenatle  SBb8 estery Bifietisite oifertliior. Fph e dBhebpycn 6FS! 972t ¢
| i ngageefrRiphlly aifRfeRtiaedicells. In addton xha gml’eﬁél’enﬁ@ﬁmenfﬁ HppRjch i$ prllcable
enri chment of the desired cells. In, this exanpl e, the cardi onyocyte

restri d0&d puripeled %I@M@'éﬁ}‘ﬁtﬁ@évy chai n pronoter and a cDNA encodi ng
am nogl ycosi de phosphotransferase were used; the transcriptional unit is
designated MHC-neor. 25 Undifferentiated, i ntestinal | y derived pluripotent

cells amne M@&ﬁtﬁdm’ee@tvmuhnmﬂ\&&tmewdsp%bygr)Qhethéam@h ar@i’ééléctlon
| ncorporat Idr}‘%;the DNA are enriched based on their resistance
i

hygr om&§ repiatediintestipally dervesplurpeieaticells @bthee eé\maéfhdaff@mentlatlon
Eﬁﬁ?L??é e B8Eiotad CofRFEEh Y ghorRfia bf ARAM e it dimfdd bhidros: 17

in cardionyocytes, only these cells express am nogl ycosi de
phosphot r a 19 WO 02/ 057430
PCT/ EPQ ' a¢¥: has t he advant age that very

| ong-t &f, ’l“fotr‘t'é %Pﬁfectnhﬁﬁﬁbgﬁﬁél% rfvfe@ ;ﬁcﬁé SR! ﬂﬁé)é‘%ﬂ%&%l?ﬁa&?gﬁ ur e

generated, since all non® car ocyte are elimnated fromt
Mor eove(pMHChme@p’ﬁGiéchygrar) wasidigestedwithbXiso t/bhrgbhlearhd '.!htsfragmeet thetaining or

ceilPs. 1 cats M ndon B GEinbre SRsarmuRe SplRekERnp & Sk FeaBie 1o a1

pluri pOIt.Q.mInté%ﬂrﬁ'&l%l%lénv%\é%lﬁﬂﬁotent cells are maintained in an undifferentiated state by
culturing on mitotically inactivated human fibroblast feeder layer in Growth Medium:
DMEM (Gibco-BRL) supplemented with 15% fetal bovine serum (Gibco-BRL), 0.1 mM
nonessential amino acids (Gibco-BRL), 0.1 mM 2-mercaptoethanol (Gibco-BRL), 2 mM

N2

20 glutamine (Gibco-BRL), 500 ng/ml human recombinant fibroblast growth factor-2
(rhFGF-2) (Upstate Biotech) and 1,000 units/ml of human recombinant leukemia
inhibitory factor (rhLIF) (Sigma).

1.3. Cells were dissociated using trypsin, counted, and 4 X 10° cells were resuspended
in 0.8 ml of Growth Medium. Cells were then transferred into an electroporation

25 chamber and kept on ice.

1.4, MHC-neor/PGK-hygror DNA (1 pg) were mixed with salmon testes DNA (25 pg) in
a total volume of 70 pl and sonicated. This mixture was added to the cells and left in
the electroporation chamber on ice for 15 minutes.

1.5. Cells were electroporated (180 volts, 800 yF) and left on ice for 15 minutes.

30 1.8. Cells were plated in 100 mm Corning dishes (6 X 10° cells/dish) in Growth Medium
for 24 hours.
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The Met hods are divided into sub-sections describing: (1) the transfection
and selection of undifferentiated intestinally derived pluripotent cells;
(2) the 'veaomesg3o differentiation 10 of the sel ected cel PET/ERer0O¢ D) t he

generation of highly enriched cardi onyocyte cultures. 1. Transfection and

I [ di ff ' d HSC. 1.1. Prior t. f ' ' i nal |
cer eed D Shey oL AR B ShEH Moty t Adiebin RPE O Mse b ATl
was di g BdtAMddidRsU dxﬂfrﬁénﬂeblwiﬁnﬁygmuc}fcﬁrasr@ob dgaml)ai ning 15 the entire

MHC- neor / PGK- hygror sequence was isolated using a gene clean kit. 1.2.
| nt est in@l Medigmi wasichangehdaibhand transfegtas eellsiwalenselectedzgver a period of 7

undi fferentihated state by. culfuri 0 ' i el I vat uman

fi br obl98Y?: 428@%8?” h&}@’PSXQ{Z@JS&#ﬁe@giﬁC{}H&B BW%‘B@@%{S&&Qﬁgﬁ]emnt ed
with 1%¥nfigéml. bovi ne serum (G bco-BRL), 0.1 nM nonessential am no acids
(G bco-BRL), 0.1 nmM 2-nmercapt oet hanol (G bco-BRL), 2 nM 20 gl utam ne

(G bco-BRL), 500 ng/m human reconbi nant fibroblast growh factor-2
(rhFG-2) U I e..Bi of.ec kixs/ m of human reconbi nant

I eukemgza—rén%%é%t@.@r?@?@ ‘??ﬂaﬁg&g%fﬁﬁa . 1.3. Cells were dissociated

usi ng 2 ypgaifter 7mmt&mynganel&ﬁioﬂebéls weredisesciatphdsidg tiypsit. dhdt Xof
Gow h dium Cells were then transferred into an el ectroporation 25
chanmber Oasglik were piated én al 09 myHeasieral Peik digh i O mlof Diiffgtpntigiier Mgdiga:
W S - |-\ MOl 1 3 ' ed.
Thi & L {ERE6 A b iriteRahiad i 1558 RualRviTE sfiund foledBAL A il
chanbemonessemstidl amihd atidsu(Gibco-BRL), Cdl ind] Remercalpéadthapolr (@iecb-BRY(), 2 ollls,

Qo el dRges (GoR-5 D). G0 adlal BhhareePawiA T ahBst Giovdh fadare. 20 Vo
02/ 057 7. i db
%ﬁf#@gr% %gﬁgfa@@ﬁée&h). oakaeg@ﬁ\g@ Q.f&?en%i?)‘ﬁ U YR Y@ S or@ifoNEd by

aspirati on e cells were sw G owm h Medi um suppl enmented with
hygr omzc2.n TBe(calle wererdupplementetivdthubnmilend RifferendiatidaiMediandon trenséxctayd

celLs were selected over a period of 7 days. Cells can be trypsinized and
reﬁ{sat éﬁf?“?’i‘ﬂstékengafﬁf@ﬁﬁg“'if a pl ate becones 5 confluent. 2. "En nass"

differensi @ R Wirdtdadnfitmtortaiting EBs was transferred, using a 10 mi pipette,
into a sterile 50 ml cell culture tube and EBs were allowed to setile by gravity. Medium

was then aspirated, and EBs were resuspended in 10 ml of fresh Differentiation Medium
and plated in a new Petri dish.

20 2.4. Cells were then supplemented with 5 ml of Differentiation Medium on the next day.
2.5. EBs were collected on the fifth day by gravity and resuspended in 10 mi of
Differentiation Medium. EBs were plated in 100 mm Corning cell culture dishes at
different dilutions (1:2, 1:5, 1:10 etc).

2.6. The medium was changed daily. Regions of cardiogenesis could be readily

25 identified by the presence of spontaneous contractile activity within 4-6 days of EB

attachment.

3. Selection of cardiomyocyie restricted lineages:

3.1. For enrichment of cardiomyocyte restricted lineages, cultures exhibiting
30 spontaneous contractile activity were grown in Differentiation Medium plus G418 (200

pg/ml).
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2.1. After 7 days of hygromycin selection, cells were dissociated using
trypsin and 4 X 106 cells were plated in a 100 mm bacterial Petri dish in
10 m of vBbht/e37e3ut i ati on Medium 10 DVEM (G bco- BRL) supptErEReRt®@d7sW t h 15%
fetal bovine serum (G bco-BRL), 0.1 nM nonessential am no acids

G bco-BRL), 0.1 - hanol i bco- : I ne.
(& boo B 24 B RO S5 e e B o U g e o
(rhFGzTe?i}niﬁé{%Sr%@H-%ﬁi&ﬁ?f@tes.cel | s grow in suspension under these

condi tions e cells were supplenented with 5 m of Differentiation
Medi um on the next day 15 to facilitate EB formation. 2.3. On the third
day, medi um containing EBs was tran&kempdal5 using a 10 ml pipette, into a

stepile 50 m cell culture Gehwtigoifféentiation of HI®Ed to settle by gravity.
Medi um_was, t hen aspirated, and EBs were resusgended in 1 fresh

. : \ 10, n
Di f f er &PRSCADRANS KriDanerating 9iinghly enrchedewtypes Qf pansrpatisd %'@?ffrwl s were
then s oy =To PRYY ] t A At ' .
25 eAEREany ket Horfioo Phodei g okl e eploHe KRk Ao DasRrciRH ot 1
m I of E)ijefrih;ﬁlé@lsi mbgiﬁ]?;jl\dm@huhgt f@ecam explestied dassto isrmtiCoiuned do pedduce
cul ture di shes at I fferent dilytjon 1:2 : 5 :1Q.etc). 6. Th
yrgdi umf%%n%ﬁ cadingyfor RdEANSREPEPN @H&Wﬂb&&%@éh@&%&"&bs@?éhdi ly ®25
[ tify . iodti ithin 4-6
a0 of e PR B SRR B BRI | T cages:
3. ﬁ_. quorm%s?sHﬂNﬁp-néomﬁﬂhggmwheF hidSp stendd for hedyevan dndwiorpremoter
exhibitin spont aneous,.contractile.actiyt |
D) 11 or I W SEEORBATARCHPIGNRLAR GorgeriSasp GHaoT Whste Bt fppesents the
PCT/ EPQﬁ_(rQ%EQXg. n&ul tures can be grown in such a Differentiation Medium

for as long as required to elimnate non-cardi onyocytes. Exanple 5 5
Selective Differentiation of H SC Described is the generation of highly

o Puodopsitpiafiated BRRaaRRL Neluifonl bAR AR terRRE i the M st nel LY

hINSp-neo-pGK-hygro / pGK-pdx-1 constructs as described in Example 4. Cells which

have incorporated the DNA are enriched based on their resistance to hygromycin, and
are directed toward an insulin-secreting cell fate by their expression of the pdx-1 gene.

20 To induce differentiation to an insulin-secreting cell line, hygromycin-resistant HISC
cells, obtained by Method 1 of Example 4, are plated onto a 100 mm bacterial Petri dish
and cultured in DMEM lacking supplemental LIF. After 8-10 days in suspension culture,
the resulting EBs are plated onto plastic 100 mm cell culture dishes and allowed to
attach for 5-8 days. For HISC insulin selection, the differentiated cultures are grown in

25 the same medium in the presence of 200 pg/ml G418 (GIBCO/BRL). Single G418 EB
clones are selected, isolated into 24 well plates, and then expanded. This approach
avoids the dilution of robust insulin-secreting clones by clones that are weaker insulin
producers. For final differentiation and maturation, the resulting clones are trypsinized
and plated in a 100 mm bacterial Petri dish and gown for 14 days in DMEM

30 supplemented with 200 ug/ml G418 and 10 mM nicotinamide (Sigma, Madrid). Finally,
the resulting clusters (pseudo-islet structures) are cultured for 1-5 days in RPMI 1640
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Exanple 4 is nodified such that a second expression cassette is introduced
to produce a gene product coding for a transcription /growh factor

i nvol ved wanobei7asocel | 10 differentation (for exanpl e pdx-RET/EPeR/toliss
exanpl e, the fi rst transcriptional unit conprises hlNSp-neo-pGK-hygro

wh hl NS I ter. t

AN e o A e R
pdx-1 gemal p éﬁchffmgfmﬂ s&és@myd‘ﬁeaﬁd%lm |abby@d pluripotent cells are
transfected with the NSp- neo- p&K-'hygro / -pdx-1 constructs as

described in Exanple 4. Cells which have |ncorporat ed the DNA are enriched
based on their resistance to hygronkxamplea®d are directed toward an
i ns@l i n-secreti ng cel | fate bylnsbiin Seexpivesssaysof the pdx-1 gene. 20 To

i nd fferen on to an insulin- cel | ne
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f 5-8 d F HISC l.ect th fferent aedc es, are

g?(r)wn qyersight indh A Eaeslstotionen Gels washad fias Tot BEaR.)
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expanded Thi s approach avoids the dilution of robust |nsu I n-secreting
cl ones giycadeontle Kineles butierisddept at 8810 and |9p¢@rmiae1ﬂssgamd Withal mixture of O,

bl at ed B8 ARECh B R BB AT of 23" e MRS s erod B ek s T
suppl erfpsy-goating auaﬁe@s angx {eFilapar Mél @ENdrhcﬁ.ﬂidtédiﬁt gsz G 7l 978 of MRl shfhe

Finally the resulting clusters (pseudo-islet structures) are cultured for

1 5 dayéeshdemedﬂ@@@s fen@it0.6 B§6\ FEivithaliiferent secretagnosies foed0 Winh

portoc 1A BRI BF et Bl 1 B8 co@leR ol 1 dlhs, Pdonbabdian, ;
Secr et iigaséayayim tHphicateatPerfustort Sludfesre may ddges@ieadn Rrrisesrdle 5

can be screened for insulin secretion. For static incubations, cells are

pl at ed (1A99pJ.Rnysicli 5RQ470c80-nBrigilya Tax 40° S ksdersarinsigin-seoreting aelfetas t y
of 250, :000n 5 HScIBSerdfBirk a8 N8P chPd@MWer column and sandwiched between

two layers of swollen Sephadex G-200 microcarrier beads (Sigma, St. Louis, MO). The

20 column is perfused at a flow rate of 1 ml/min at 37°C with fresh modified Krebs buffer
with 1% BSA plus glucose (3 or 22 mM). The HISC-derived insulin-secreting cells are
first perfused in 3 mM glucose for 30 min to reach a state of stable insulin release. The
solutions are prewarmed at 37°C and continuously gassed. Insulin is assayed by radio-
immunoassay (RIA) using the Coat-a-Count kit (DPC, Los Angeles, CA) that detects

25  both rat and human insulin. For measurement of total insulin-cell content, cell pellets are
sonicated in 1 mM acetic acid containing 1% BSA and cellular extract is also
determined by RIA. Secretion is normalized for cell number by measuring total protein in
each experiment by the method of Bradford. Bradford (1976) Anal. Biochem. 72:248-54.

30 Having thus described in detail the preferred embodiments of the present invention, the
invention defined by the appended claims is not to be limited by particular details set
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overnight in the sanme RPM 11640 indi cated above. Cells are washed tw ce,
for 10 mn 10 each, in fresh nodified Krebs buffer wwth 0.1% bovi ne serum
al bum n VB®M/0zImd 3 MM gl ucose. The Krebs buffer is keptP@l/EBRM®o&TSd i S
constantly gassed with a m xture of 02 (95% and CO2 (5% to maintain a pH
of 7.4. |ls, are thep transferred to glass vi.al.s i free-floating.

o1 ust o 178 68 ebaa ToscTiBe A Fny Znfarsin vRidnd herabf Fie ASRIGHitout
sane f gegartingdidrh ige Kpribor Budpethatbd) 0. 5% BSA and with different
secretagogues for 30 mn. 15 At the end of the incubation period, the
buffer is removed formthe vials. Each condition is assayed in triplicate.
Perfusion studies are perforned as described in Perrusa et al. (1999) J.
Physiol. 520:470-80. Briefly, 1 x 105 HI SC-derived insulin-secreting cells
(as free floating clusters) are packed into a 1 cmdianeter colum and
sandwi ched between two |ayers of swollen Sephadex G 200 m crocarrier beads
(Sigma, St. Louis, MJ). The 20 colum is perfused at a flowrate of 1
mM/mnat 37C with fresh nodified Krebs buffer wth 1 % BSA plus gl ucose
(3 or 22 mMV). The H SC-derived insulin-secreting cells are first perfused
in 3 mMMglucose for 30 min to reach a state of stable insulin release. The
solutions are prewarned at 37C and conti nuously gassed. Insulin is assayed
by radi o- i munoassay (RIA) using the Coat-a-Count kit (DPC, Los Angel es,
CA) that detects 25 both rat and human insulin. For neasurenent of total
insulin-cell content, cell pellets are sonicated in 1 nMacetic acid
containing 1 % BSA and cellular extract is also determ ned by R A
Secretion is normalized for cell number by neasuring total protein in each
experinment by the nethod of Bradford. Bradford (1976) Anal. Bi ochem
72:248-54. 30 Having thus described in detail the preferred enbodi nents of
the present invention, the invention defined by the appended clains is not
to be limted by particular details set 23 WD 02/ 057430 PCT/ EP02/ 00475
forth in the above description, as many apparent variations thereof are
possi ble without departing fromthe spirit or scope thereof. 24 WO
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non- hepatic adult stemcells"” Nature 404:257. Bach et al. (2000) "Stem
cells: the intestinal stemcell as a paradi gnm' Carci nogenesis

24



21:469. 5 Bernd et al. (2001) "Stemcells and di abetes"” Bi oned.

Phar macot her. 55:206-212. Bjornson et al. (1999) "Turning brain into

bl ood: awennomi etic fate adopted by adult neural stenPCEREP®/GOMSVI VO"
Sci ence 283:534. Booth et al. (1999) "Mi ntenance of functional stemcells
I n isolﬁt[ed and cul tured I ntestinal epitheliunt Exp. Cell Res. 249:359. 10
Boot h n (2000) "@ut instincts: thoughts on intestinal epithelial

stem celjissn el al. 00) "Héwa%&yteé%n%%ﬁ heplatie et dtdid /s maw@m@m

sensitive nmethod for quantitation of microgramquantities protein
ut i | i ziBaght ¢teal p{2008) pS’@rﬂ)bebs dheumteagyrmlts‘tmuqe@ as/m paradiymd ﬁ?ammagelzelsas 54,
Br uder et21 46 (1997) "G owh kinetics, self-renewal, and the osteogenic
potential®'o 915 purified human rresenchyrral stem celI's duri ng extensive

subgul BetAkic@l.qRd0N Ptdiew Odlis Aid QRS \BibMmed. PharrfigtdtheBisB:066212,
64:278-294. d arke et al 0) "Ceneralized potential of adult neural

st em cdipgsog@iahcd 9@92“&@59619 briajringo btoosk: a f(emetppo‘ea@tfatﬂ adopiedyi gdult
culture &eug+l%%@9%e§§ 'hSI/L G@meﬁwcf g&lse enbryos” Nature 292:154-6. 20

Ferrari YSeISS f egeneration by bone marrow derived nyogenic

pr ogeniBauth ‘et ki(¢99€) Manldrdhcerdfdunetionall stepd 88 in'iBoigited tiablicaltbreran neur al
stemcel|ls respond to devel O&gﬁm cues, _replace neurons, and express
foreign dguestnalgpithelumy’ &xpcmediRes 8493591039, Galli et al. (2000)

Skgl et . |u | | » 45 Nat .

A TG0 o PR B BT B SRR R i

epi t ope (QIImCBE&sitd‘EOBMSDC&s a subset of CD34+ bone marrow cells h| ghI y

enrlch d r pl uripot ent st mat ol 24:936-43. Jackson et
0

al . ﬁé?r%?@p(ﬁ Enid aﬁgtsceﬁ‘?l“é(ﬁ %@thggéﬁ{ ewt&at'%%mrogr%wem%s 30
skel Et al o&ﬁ@%ﬁh Hﬁfz‘?ﬁg tﬂﬂ%rjmc@%qg f)ra“e'ln ﬂt@ﬁw&ﬁn%’%ﬁ% Biothdkh, 0. 944 %ﬁo

PCT/ EPO2/ anes” et al obox ne expression in th
i nt est iBrateeei alh €1 99 “Girowttukinetics, caelf—réneﬂabIand@hemst@c@arﬂ@pete{manof

15 purified human mesenchymal stem cells during extensive subcultivation and following
cryopreservation” J. Cell. Biochem. 64:278-294.,

Clarke et al. (2000) “Generalized potential of adult neural stem cells” Science 288:1666.

Evans et al. (1981) “Establishment in culture of pluripotential cells from mouse embryos”
Nature 292:154-6.

20 Ferrari et al. (1998) “Muscle regeneration by bone marrow-derived myogenic
progenitors” Science 279:1528.

Flax et al. (1998) “Engraftable human neural stem cells respond to development cues,
replace neurons, and express foreign genes” Nature Biotechnol. 16:1033-1039. |

Galli et al. (2000) “Skeletal myogenic potential of human and mouse neural stem cells”

25 Nat. Neurosci. 3:986.

Hill et al. (1996) “High-level expression of a novel epitope of CD59 identifies a subset of
CD34* bone marrow cells highly enriched for pluripotent stem cells” Exp. Hematol.
24:936-43.

Jackson et al. (1999) “Hematopoietic potential of stem cells isolated from murine

30 skeletal muscle” Proc. Nail. Acad. Sci. USA 96:14482.

25



Li et al. (1998) "ldentification and isolation of candidate hunan

kerati nocyte stemcells based on cell surface phenotype"” Proc. Natl. Acad.
Sci . USAveBn»38602303907. 5 Lorentz et al. (1997) "Key rol e PET/ERE/(CA2
honeobox gene in ext racel I uI ar mat ri x- medi at ed i ntestinal cell
differentiation 139 1553- 1565. (1998) . "The

C8/ 144BamRRel %lné199&§¢ &?gﬂﬂ %1%{9%%)% lkfbmﬁ 'FF?Si'QaEﬁIa'ThQi'é'f“ Akadylhe

| ocati on ﬁthy@gbl’?ﬂ\ér&a%é |3§j4g $l/m cells" J. Cell Science 111:3179-3188

Maki no et rdromyocytes can be generated from marrow stromnal
cel | s ilnet &b (V998)d'Identifichtion ahdeatlonGBCMdamﬂnumahﬂ@eaztlmicy’ed ste(roai)

" f rd
 opr e entRRgI SR sHitase PERTIwS drcy At Adat apcl BB 0SREBPAER  pev.
44: 41- i%renﬂybétsd#' (1907RkKey A58 b th@@ﬂ?ﬁhoﬁfeﬁb&eqeﬁeqﬁte%ra%%lbﬁmm a

inhibitory f actor on nmurine prinord ermcells 1n culture” Nature
353: 750- medigted intastisal egll dlﬁemyatm%dlG?eliBmlbb%Qﬂﬁﬁ\’Bﬂ(&%cel s repair the

f ' i f i d 1" P d. .S
bEAaBEt@ G681 bqqelBTREICE 448 oS0 S Aoy itqare P Rokin dE3id o
cel | s” Proegineblaé Iooéﬁéﬁ .of BimarkSdir fAfksIe Eism TEid” P@éllls&eﬂbeaﬂﬁ 3‘117%9§)88

"Ef fect of cal ciumbuffering on glucose-induced insulin release in
nmouse pdaldnestiab (1992} Cardiprayanyéss ean b@@en@ratad foan evarrew strepnal cglls i ln

Ph |oI t al. (1999) "Miltilineage potential of
adiPt hur@?&'ﬁé 'Hcﬁg’r%‘l? t4ERIET0B. ® sl ence 284 143- 147 “Roth ot ar .
(1991) Niakssevodt dlr @rgggf NEMbIYerec smicells titerdmito ¢h oitdo infopadidrepostesmal |
25 intestinal stemcells and to exam ne the |ineage rel ationships of their

descendari@Rresenting smusrnodal; atrighand yantrigylas eel sesé Megh. Qeroddidi-50

el 1 ACCRG 2 (1R RGP Stgl Rkt ot @Ot or P Ra606R mui S
Expressmm@ﬂnefhgermlcdﬂblm Bultatieh Yauiet 3331250-2. the postnatal 30 CNS:
es_ ] n neuronal ﬁnd gl.i cell %Yelopnent J.

| mpLi cations of
NodBos 21 &1 o1 3B TL M i bend e sl b i6fucied heart, mproving
function and surwval” Proc. Natl. Acad. Sci. USA 98:10344.

Pellegrini et al. (2001) “p63 identifies keratinocte stem cells” Proc. Natl. Acad. Sci. USA
98:3156-3161
Perrusa et al. (1999) “Effect of calcium buffering on glucose-induced insulin release in
20 mouse pancreatic islets: an approximation to the calcium sensor” J. Physiol. 520:470-
80.
Pittenger et al. (1999) “Multilineage potential of adult human mesenchymal stem cells”
Science 284:143-147.
Roth et al. (1991) “Use of transgenic mice toinfer the biological properties of small
25 intestinal stem cells and to examine the lineage relationships of their descendants”
Cell Biol. 88:9407-9411.
Sakakibara et al. (1996) “Mouse-Musashi-1, a neural RNA-binding protein highly
enriched in the mammalian CNS stem cell” Dev. Biol. 176:230-242.
Sakakibara et al. (1997) “Expression of neural RNA-binding proteins in the postnatal
30 CNS: Implications of their roles in neuronal and glial cell development” J. Neurosci.
17:8300-8312.

26



Silberg et al. (1997) "CDX1 protein expression in normal, netaplastic, and
neopl asti ¢ human al i rrent ary tract epitheliunt Gastroenterol. 113:478-486.

Sl orach 6V0a2/057(13l)999) "“A mouse nodel of intestinal stem ceCT/EPe®gison and
regeneration” . Cell Sci. 112:3029-3038. 5 Sori a et al. (2000)

(5001 E F%&ﬁ&@ﬁ@@? CoRl Ridlein SXprassipe i) Bodedle Metaplastr tsqsd%@pl%?ﬂc
di abet es pjipad hﬁMéntdﬁ{%%fe ?ﬂ%l%n’r"%é&?oéﬁ?ro’ﬁqﬂ@l% -8, (1973) "A human

cell line froma usion derived froma breast carcinom" J.
Cancer Slagch aJaI;L@@gQMAmomaE iBodabofdntesiinalstem aglbBinctior rindaepeneration”

pl uri pot e m cul tured human pri nordi aI germcel |l s" Proc.
Nat | . ajmce@g ﬁ%&l‘gégé 6-31. Suh et al. (1996) "An intestine-specific
hOWEObCBbﬁJae@iealr O%}t“Eﬁgi%@hh{;%ﬁbréé!ﬁcﬁéléts” @Jrf&ar@ﬁyshat hap- M\l . Cell.

Biol. 16:619-625 Thonson et a 95) "lIsolation of primate enbryonic

st em céb0rig einal! (38039 .“Fraun |stem@@us to Belia] nevws?xawle%mcealthqrﬁamldlaélet@s
(1998) " A derived from human bl ast ocysts” Science
282: 1145- %&t P?%%ggjﬁa%‘@?ﬁ% stemcells: markers, patterning and the
cont r olS@fle st am(¢er8) ‘frahemanfalilline From e pl&ura‘E@ﬁusbﬂMbm@d&@n@tlre&@? 20

Whodbury et al. g2000 "Adult rat and human bone marrow stromal cells
d|fferentqaéﬁléomﬁntjocﬁégebm* Neld¥Ed416Res. 61:364. Yanmmda et al. (2001)

Db TSN R 1 (158 RO R S E R RSALRR ARG Y

over expressi on rolnt Iver

§81: C5229-;ﬂ-‘1?.r&ﬁrd|al Yermedells? Prdclﬁ%l) lAcHiUeSthJs# 9%:3;726@ enti aI of human
one- rovv- ve 5 .nmesenc enitor cells . e Joint Surg
Am 80-auiyst aly 619 hﬁné'fﬂeﬁrme ﬁy%oﬂ?@hoe(rgemesre@%t% RECIp@ticaang

prol i fer%ﬂlfé/r%nﬁgtﬁ]@r{“Mél' Cé fgrafgzgqeg%?r mal keratinocytes independently of

I ntercel l'ul ar adhesi on 2298. 30 27 WD 02/057430
PCT/ EPOZiapagiatbet al. (1995) “Isolation of a primate embryonic stem cell line” Proc. Natl. Acad.

15 Sci. USA 92:7844-8.
Thomson et al. (1998) “Embryonic stem cell lines derived from human blastocysts”
Science 282:1145-7.
Watt (1998) “Epidermal stem cells: markers, patterning and the control of stem cell fate”
Phil. Trans. R. Soc. Lond. B 353:831-837.
20 Woodbury et al. (2000) “Adult rat and human bone marrow stromal cells differentiate
into neurons” Neurosci. Res. 61:364.
Yamada et al. (2001) “Differentiation of immature enterocytes into enteroendocrine cells
by Pdx1 overexpression” Am. J. Physiol. Gastrointest. Liver Physiol. 281:G229-G236.
Yoo et al. (1998) “The chondrogenic potential of human bone-marrow-derived
25 mesenchymal progenitor cells” J. Bone Joint Surg. Am. 80:1745-1757.
Zhu et al. (1999) “B-catenin signalling modulates proliferative potential of human
epidermal keratinocytes independently of intercellular adhesion” Devel. 126:2285-
2298.

30

27



Clainms 1. A conposition conprising an isolated pluripotent adult stem cell
popul ation, derived fromregenerative tissue, and havi ng al kal i ne

phosphat as@ozei7u3oi ty, high levels of 5 telonerase activi pgT/ape/aoles ability
to formderivatives of all three enbryonic germlayers and/or the ability
to forman enbryoid body. 2. The conposition according to claim1, wherein
t he re@ﬁbﬂ’%t ive tissue is selected fromthe group consisting of

peri pheral blood, cord bl ood, bone marrow, brain, skin, retina, hair
papilla, nuscle, liver, pancreas, epithelium 10 3. The conposition

accor di ng t d.cl aiAc@npakitioricantphisingrt iselatechpliusipdtant addlt siarowell pepulation,

N ettt b e R
whegei Refohforabe ra'cﬂ@ihﬁéﬁd ﬂ%lbblllﬁltt@rfbﬁﬁ|denvé§vé§@l”élﬁihr@@ ehfordofieGim layers

pluripotent adult intestinal stemcell population. 6. The Conposition of
cl ai m mndigretheiabilityiéo fmgmaﬁmrygldebﬁdyel | population is derived fromthe

antgen'3  (Bsca BY° eabPRsBion BBt BB RY, SRPEnIRETRbeRerBS Yoiee: o
the pl lﬁelmé@lﬁbn@dw §ratipesBrsfdting cnqmm Abtbldsd, TrBlda) boPe makow, brain,
conposition of claim1, wherein the uri pot ent adult stem cell popul ation

can pr &K, éptR® hair RaRila, m."é@de'l'llﬂ@rcwgﬁfﬁ,l thh@ﬂ"lm aim1, wherein the
| dul t t. A
Plypi potent adu tT@e% (gémrrlr@SHtlon%%CBFb?Hichblﬁl nZ: %ﬁqﬁ@e l’['hg |er1n |% (aen%éd

pl uri pot ent adul t hav | Vi

| evel s fmdmtiied ntesthse activity and the ability to form der| vatlves of aI I
three enbryonic erm | ayers, wherein the pluripotent adult stemcell is
derived frorftrege ﬁ@m\‘}’ésﬂl%ﬁ%mdl@g tomlélra|1uwfm@@ﬁhemanlnot§rﬂ@ﬂ%€ftem
accordi erein the 30 regenerative tissue is selected from
t he groduég @Hgt@blr%]éao eM\‘Eerl pheral blood, cord blood, bone marrow, brain,
skin, retin&. haiThgepmpbaitiomosclam 4,iwlereinpteqrladsoteapadhlesieumcelR 8

15 population is a human pluripotent adult intestinal stem cell population.

6. The composition of claim 5, wherein the intestinal stem cell population is
derived from the crypt.

7. The composition of claim 4, having stage-specific embryonic antigen-3
(SSEA-3) expression.

20 8. The composition of claim 1, wherein the pluripotent adult stem cell
population is mammalian.

9. The composition of claim 1, wherein the pluripotent adult stem cell
population can proliferate in vitro.

10. The composition of claim 1, wherein the pluripotent adult stem cell

25  population can propagate in vitro.

11.  Apluripotent adult stem cell, having alkaline phosphatase activity, high
levels of telomerase activity and the ability to form derivatives of all three embryonic
germ layers, wherein the pluripotent adult stem cell is derived from regenerative tissue.

12.  The pluripotent adult stem cell according to claim 11, wherein the

30 regenerative tissue is selected from the group consisting of peripheral blood, cord

blood, bone marrow, brain, skin, retina, hair papilla, muscle, liver, pancreas, epithelium.
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WO 02/ 057430 PCT/ EP02/00475 13. The pluripotent adult stemcell according

to claim12, wherein the epitheliumis derived fromthe intestine. 14. The
pl uri pot an® ozeRTk30 stem cell according to claim1ll, wherei RCT/ERO2/@UIH i pot ent
adult stemcell is human. 5 15. The pluripotent adult stemcell of claim

14, wherein the ripotent adult stemcell .is human. 16. The pl uripotent
adul t stem cell g##%b ”RPE%‘," %ﬂhﬁé@rﬁ @Cﬁpm'b%é&?gﬁmaﬁl"‘fhergmetﬁ?ge:IO i's
derivecggitlhgmjﬁ-,hgO_@rrwgg.fro]‘ﬁ{hél'n@eﬁmér_ipotent adult stemcell of claim 14,

t

havi ng age-specific 10 enbryonic antigen-3 (SSEA-3) expression. 18. The
pl uri pot ent tdul tTh pluripetdnt @dulilséémmcell, acsbeding o claémpl lumiheseiarthe adul t

stemcel | .i L.an. . . The pluripotent adult stemcell of claim11,
wher ei W'frﬁ%gtﬁfqﬁg(?@L?t@m Céﬁ'ﬁl'}um@?‘em cell can proliferate in vitro. 15 20.
Thespl uri potgnt arhd blﬁfb@@&%ﬂdhlt%fterﬁlc@_lljhrﬁfJelaim’\’ﬂ%r\ﬁhé‘rewmeod)luﬁ;b@l@h?ﬂ&iul@_dU| t

stemcel |l can propagate in vitro. 21. e conposition according to claim1,
wher ei retemecallighupdrent adult stem cell popul ation has the capacity to

0 T erent 2 AL el S TS 6 el agee ™

enri chigigmacdll isrdepiobe Mtoradid trypt.em cel | popul ation, conprising the steps
of: a) isolating a popul ation derived fromregenerative tissue, containing

somati ¢ adul 17.st ethe pluripotant asiulitstery callpfclaimut4 pving siegerspesifica) on

m tatic ' Fval ar 2h feeder |ayer; c) selecting and
regﬁati%b%ghgﬁig@tye\?\}mggﬁéﬁg‘v@b%ﬁ%f;asrllagbtent nor phol ogy. 23. The net hod
accordi ng t o1&l ai Thegluripbéartianultisterneddlisofdaitrhel ,seharetrethe olipoteatadule

expanded over, 2-100, preferably over 2-15 passages. 24. The net hod
accor disigmeelldp mammeliafher ein the cells of the selected 30 colonies are

expanded ovefg 10-p, BREFRESH -adult stem cell of claim 11, wherein the pluripotent adult
stem cell can proliferate in vitro.

15 20. The pluripotent adult stem cell of claim 11, wherein the pluripotent adult
stem cell can propagate in vitro.

21.  The composition according to claim 1, wherein the pluripotent adult stem
cell population has the capacity to differentiate to form at least one differentiated cell
type of mesodermal, ectodermal and endodermal origin.

20 22. A method for isolating and enriching a pluripotent adult stem cell
population, comprising the steps of:
a) isolating a population derived from regenerative tissue containing
somatic adult stem cells;
b) plating and culturing the cells of a) on mitotically inactivated fibroblast
25 feeder layer;
¢) selecting and replating colonies which have a pluripotent morphology.

23. The method according to claim 22, wherein the cells of the selected
colonies are expanded over 2-100, preferably over 2-15 passages.

24. The method according to claim 23, wherein the celis of the selected

30 colonies are expanded over 10-15 passages.
25. The method according to claim 22 wherein the somatic adult stem cells
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25. The nmethod according to claim22 wherein the somatic adult stemcells
29 WD 02/ 057430 PCT/ EPO2/ 00475 are human. 26. The nmethod according to

cl ai m 22 wierei7msot he fi brobl ast feeder |ayer conprises hpOBEEP@#HoOhT. 27. A
met hod for selection and differentiation of a pluripotent adult stem cel

5 population to a desired differentiated cell population, conprising the
steps o€ WM@&o| ating a popul ation derived from regenerative tissue

contai ni ng  FHMatTie Abithdd aEEHURR] tosclai 2D hviidrBm RBAILFOHIRYT fcbdet efel | s of
a) on mtotically inactivated fibroblast feeder layer; 10 c) sel écting and

repl at ioegnprigesmupanieeli$s have a pl uri pot ent norphol ogy; d) causing

the cel s of2%ai o BEENFAISSATior| g BT HH dra MBPailERafh s L
27 shergipulativh ®ardesiteddiffdrestiast eell |p‘é)guﬁi’ti©nh©@fﬂﬁrisih§ tR&8 stePxeofret hod
according to claim27 wherein the fibroblast feeder |ayer conprises human

cell's. 30. The n@®his@laiivgcs Bepation edved fronmvrgesierativecisseie| cantaipinge i s
selected fromthe ISt f neuronal, nyocardial, hepatic,
pancreatic, pancr ea%@alﬂ%%gpﬁs ér'he%fl,g’ and dermal. 20 31. A conposition

conpri sing the dib)f pratingismdesliistiagtioe cklipopa) ah niitvtichlpinaetdvatey fibheblast hod
of claim27. 32. A nethod for selection and differentiation of a
pluripotent adult ste8deE&Mer; popul ation to a desired differentiated cell

oA " TE ) 08 gt cBrl SR PRI oK, o
cul turing the celd)scaising differentiattdnclay tgletingdhe fiataitagtifbeddr lager; ahdeder
o oy €0 619888 Mg The CebrSAid BeSed Bbif fhesge; P! Ur!Potent

28. The method according to claim 27 wherein the somatic adult stem cells
are human.

15 29. The method according to claim 27 wherein the fibroblast feeder layer
comprises human cells.

30. The method according to claim 27 wherein the cell lineage is selected
from the group consisting of neuronal, myocardial, hepatic, pancreatic, pancreatic islet,
renal, and dermal.

20 31. A composition comprising the differentiated stem cell population obtained
by the method of claim 27.
32. A method for selection and differentiation of a pluripotent adult stem cell
population to a desired differentiated cell population, comprising the steps of:
a) isolating a population derived from regenerative tissue containing
25 somatic adult stem cells;
b) plating and culturing the cells of a) on mitotically inactivated fibroblast
feeder layer;
c) selecting and replating colonies which have a pluripotent morphology;
d) transfecting cells in selected colonies to introduce a marker gene that
30 enables the selection of one desired cell lineage from the other cell

lineages that result from differentiation of the stem cells;

30



d) transfecting cells in selected colonies to introduce a marker gene that
30 enables the selection of one desired cell lineage fromthe other cell

| i neages whiar/oi7eult fromdifferentiati on of the stem cel PET/EPENOVB

02/ 057430 PCT/ EP02/ 00475 e) causing differentiation by deleting the

fibroblast feeder . |ayer a cul turin t .high density.in, syspension; and
f) selecting the eéeq:%/%sl%g ggtéﬁrgr?teﬂ;gantggd%@ppg ﬂ?“ﬁ %@zﬁ%%é%%d%ﬁaYW@ rker
gene. 5 33. The netfqfr "R dchSiFineduBpdAsiepgyn the somatic adult stem
cells are human. 34. Thé nethod according to cfaim 32 wherein the

fi brobl ast feedeff) | sslectingthepralisenf saichdesitad tall lirgmgeasateom e sarikerdi ng t o
claim32, wherein the cell lineage is selected 10 fromthe group
consi sting of neur A nyocardi al , hepatic, pancreatic, pancreatic islet,

rengl, and g nmalThedMettfod a8BN 8y ©BTISATBL WHEintthe sdhidtRy &l stbaflcaiRl |
popul ati on obtained by the nethod of claim32. 37. A nethod for selection

and di farefeiamti on of a pluripotent adult stemcell 15 population to a

ool at i ng a Hepul 1 B8} roBRekiah P.5e Whierdl e LBfaleSiBath W% comti c
adul t  siopmprisgdslumém cellgting and culturing the cells of a) on mitotically
inactivated fibraoblast feeder |ayer; 20 c) selecting and repl ati Tq?@,di i

col oni es whiZth hahhe mefas agrarding tewiaiRoBagyhereln therealklinaaders sela f
St LD LAl DPRSISIER b, AR ol TR

for theepall pndeledfnakel ection; e) causing differentiation by deleting the

fibroblast feeder, layer and 25 culturing at hig ensity in suspension;
and f) sel ec¥ ng A FIMBABIIER SISt 'ﬁeTQW@Eﬁngcng%Q}J|6H°@ RBtaiped By thene.

method of claim 32.
37. A method for selection and differentiation of a pluripotent adult stem cell
15  population to a desired differentiated cell population, comprising the steps of:
a) isolating a population derived from regenerative tissue containing
somatic adult stem cells;
b) plating and culturing the cells of a) on mitotically inactivated fibroblast
feeder layer;
20 c) selecting and replating colonies which have a pluripotent morphology;
d) transfecting cells in selected colonies to introduce a lineage-specific
gene for the purpose of driving differentiation toward a chosen cell
lineage, and a marker gene for the purpose of selection;
e) causing differentiation by deleting the fibroblast feeder layer and
25 culturing at high density in suspension; and
f) selecting the enriched chosen cell lineage based on the marker gene.
38. The method according to claim 37 wherein the somatic adult stem cells
are human.
39. The method according to claim 37 wherein the fibroblast feeder layer
30 comprises human cells.
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38. The nethod according to claim37 wherein the somatic adult stemcells
are human. 39. The nethod according to claim37 wherein the fibrobl ast

f eeder | ayen2/03@oconpri ses human cells. 31 WO 02/ 057430 PETI/EP@20@G475 40.
The met hod according to claim37, wherein the cell lineage is selected from

pancreat c rAlet . BRINSS BREALIHE AL o7 AVBBIIBAIT FOhTEEHS PTRFEfle
i 11 e apinh 8 r6fh boRSBUESI ABOBERsbaRal HepafioTFEaRS, FrBIBIBTslet 2

The conposition of claim further conprising a pharmaceutically
accept aghal, @gdidgrmal.43. The conposition of claim31, further conprising a

phar maceutical |y | e vehic 1Q. I RAR f_.clai ,
further conp%i'si r@g@ﬁﬁ’%ﬁﬁ&c@uﬁ@%‘@“e g‘é@ﬁ%ﬁf@?@:%ggﬁlgépt@tlgﬁg%taﬁﬁga b?tﬁg
conmgosihbidddf dtaigi 8741, further conprising a pharmaceutically acceptable
vehicle. 46. A nethod of treating a disease, conprising admnistering the
conposi ti on 4215 ofhecanpPsition Oécl%aﬂibﬁ@ﬂhﬁ GRseRIising egeiarmpceuicalit hod of
treati | . conprising adm ni stering the conposition of claim3l
to a pa%caﬁgﬁﬁeéﬁlg?'thereof. 48. A nethod of treating a disease,

conpri sing a4Bri niRiecomposbition ob olirai 31, furthefcarhgiism§ @ plarenaeautiealty i n need
thereof. 20 49. A nethod of treating a di sease, conprising adm nistering
the corAnssPtiatipvelicles) aim 41 to a patient in need thereof. 50. The method
acg@rding to.l ai ' rqﬁmr;é | ; ronal

di ggase, Iiv4eL$ di-gﬂeegg%mwﬁglgrs? Q’é?@?&?@i‘?ﬁ'ﬁ%to. Hlﬁ{é@& @%efrﬁ'g}rc g.%ltm@?.] The
met hod aceptabilegehiclecl ai m 47, wherein the di sease conprises 25 di abetes,

neur onal di%ﬁgse, liver di%eas? h t di sease or .autoimune di.sorders.
. The composition o

blalr%azﬁ, further comprising a pharmaceuhcal[y
acceptable vehicle.
46. A method of treating a disease, comprising administering the composition
15  of claim 1 to a patient in need thereof.
47. A method of treating a disease, comprising administering the composition
of claim 31 to a patient in need thereof.
48. A method of treating a disease, comprising administering the composition
of claim 36 to a patient in need thereof.
20 49. A method of treating a disease, comprising administering the composition
of claim 41 to a patient in need thereof.
50. The method according to claim 46, wherein the disease comprises
diabetes, neuronal disease, liver disease, heart disease or autoimmune disorders.
51. The method according to claim 47, wherein the disease comprises
25 diabetes, neuronal disease, liver disease, heart disease or autoimmune disorders.
52. The method according to claim 48, wherein the disease comprises
diabetes, neuronal disease, liver disease, heart disease or autoimmune disorders.
53. The method according to claim 49, wherein the disease comprises
diabetes, neuronal disease, liver disease, heart disease or autoimmune disorders.
30 54.  Adiagnostic composition comprising the composition of claim 1.

55.  Adiagnostic composition comprising the composition of claim 31.
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52. The nethod according to claim48, wherein the di sease conpri ses

di abet es, neuronal disease, |iver disease, heart disease or autoi mmune

di sorder w0 580574%e net hod according to claim49, wherein POPEHIZ®ATSE
conprises diabetes, neuronal di sease, liver disease, heart disease or

aut oi rmune sorders A dla nost.i.c osi tign caonpr.isjing the
compos 11 on 31 c|%¢@smost5%compa$'5% mpemeaﬁ*bggpmp@ﬁ o aimges ne
conposi tion g C'A@Hl@gﬁés il 96%6?}9 @’ o@ﬁi%%f chiim 44 di agnostic
conposi tion conprisi e cohposition a|n1 . A diagnostic

conposi ti on &BonprA drug;omdactcmmmalmg armonfpositmnraocmrdnﬁgto glaim dg3pr 3land/or

conpris 05| rding to claim 36 and/or 41 and/or a
pIurlpéhé%Fﬁaﬁﬁp gﬂﬁé@fﬁ g@ﬁ °¥%K% a%ﬁm1i1 5 59. A process for the
preparation g a gprsteBs FSlURE p?éﬁd?éﬁbrﬂ@f 4 @ngd piodueBaccotding to claim 58.
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