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5 FIELD OF THE INVENTION

The invention is in the area of pleuripotent stem cells generated from adipose tissue-
derived stromal cells and uses thereof. In particular, the invention includes isolated adipose
tissue derived stromal celis that have been induced to express at least one phenotypic
characteristic of a neuronal, astroglial, hematopoietic progenitor, or hepatic cell. The

i0 invention also includes an isolated adipocyte tissue-derived stromal cell that has been

dedifferentiated such that there is an absence of adipocyte phenotypic markers.

BACKGROUND OF THE INVENTION

A stem cell must meet the following criteria: (1) ability of a clonal stem cell

population to self-renew; (2) ability of a clonal stem cell population to generate a new,

15  terminally differentiated cell type in vitro; (3) Ability of a clonal stem cell population to

replace an absent terminally differentiated cell population when transplanted into an animal
degleted of its own natural cells. '

The neonatal period in human development is characterized by the presence of “stem”

cells with the potential to develop along multiple differentiation pathways. The terminal

20  differentiation of these cells is determined by cytokine and hormonal cues which co-ordinate
organo génesis and tissue architecture. Murine embryonic stem (ES) cells have been isolated

and studied extensively in vitro and in vivo. Using exogenous stimuli in vitro, investigators

have induced ES cell differentiation along multiple lineage pathways. These pathways
include neuronal, B lineage lymphoid, and adipocytes (Daui ef al. (1997} J. Cell Sci.

25  110:1279; Remoncourt ef al. (1998) Mech Dey 79:185; O’Shea, S. (1999) Anat. Rec. 257:32,
1999). The ES celis have been manipulated in vivo by homologoits recombination techniques
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15 animal. This work has provided the basis for bone marrow iransplantation, a widely accepted

therapeutic modality for cancer and inbomn errors of metabolism. Thus, hematopoietic stem
cells remain present in normal human bone marrow throughout life; they are not limited to

the neonatal period.

There is exciting new evidence that hematopoietic progenitors may not be limited to

20 the bone marrow microenvironment. Investigators at the University of Calgary have

examined neuronal stem cells, which routinely differentiate along neuronal cell lineage

pathways. When these cells weré transplanted inito lethally irradiated hosts, the investigators

detected the presence of donor cell markers in newly produced myeloid and lymphoid cells

(Bjornson (1999) Science 283:534). Investigators at the Baylor College of Medicine have

25  performed similar studies using satellite cells isolated from murine skeletal muscle (Jackson

et al. (1999) PNAS 96:14482). When these muscle-derived cells were transplanted into

lethally irradiated hosts, the investigators detected the presence of the muscle gene markers in

all blood cell lineages. Together, these studies indicate that neuronal and muscle tissues

contain stem cells capable of hematopoietic differentiation. This suggest that sites other than

30 the bone marrow may provide a renewable source of hematopoietic progenitors with

potential application to human disease therapy (Quesenbemy et al (1999) J Neurotrauma

16:661: Scheffler et al. (1999) Trends Neurosci 22:348; Svendson & Smith (1999) Trends
Neurosci 22:357).
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Thus, hemat opoi etic stem )
hypothetical stem cells. Cells isolated from the adult marrow are referred to by a variety of

names, including stromal cells, siromal stem cells, mesenchymal stem: cells (MSCs),
mesenchymal fibroblasts, reticular-endothelial cells, and Westen-Bainton cells (Gimble ez
al.(1996) Bone 19:421, 1996). In vitro studies have determined that these cells can
25  differentiate along multiple mesenchymal or mesodermal lineages which include, but are not
limited to, adipocytes (fat cells) (Gimble ez al. (1990) Bur J. Immunol. 20:379), Chondrocytes
(Bruder ef al. (1994) J. Cell Biochem. 56:283), hematopoietic supporting cells (Pietrangeli e
al. (1988) Eur. J. Immunol. 18:863), skeletal muscle myocytes (Prockop (1998) J Cell
Biochem Suppl. 30-31:284-5), smooth muscle myocytes (Charbord), and osteoblasts
30  (Beresford et al. (1992) J. Cell Sci. 99:131; Dorheim et al. (1993) J. Cell Physiol. 154:317).
In addition, bone marrow siromal cells display the ability to differentiate into astrocytes
(Kopen et al.. (1999) PNAS 96:10711) and hepatic oval cells (Petersen et af. (1999) Science
284:1168). Based on these findings, the bone marrow has been proposed as a source of
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U.8. Patent No. 5,486,359 to Osiris is directed to an isolated, homogeneous
25  population of human mesenchymal stem cells which can differentiate into cells of more than
one connective tissue type. The patent discloses a process for isolating, purifying, and greatly

replicating these cells in culture, i.e. in vitro.

U.S. Patent No. 5,942,225 to Case Western and Osiris describes a composition for

inducing lineage-directed diﬂ'erentiation of isolated human mesenchymal stem cells into a

30 single particular mesenchymal lineage, which includes human mesenchymal stem cells and
one or more bioactive factors for inducing differentiation of the mesenchymal stem cells into

a single particular lineage.
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Subcutfd“eoc.le,gn&ﬂw%xé 1 RIPARSedrOkd ypﬁi&%&@mm%ﬁ@mchea%ﬁm s@%ﬂdﬁiﬂ§ have

denonstrate e speclfic abilify of bone marrow derived stronal
enveloping a three-dimensional framework composed of a biocompatible, non-living material

. formed into a three-dimensional structure having interstitial spaces bridged by the stromal
cells. The patent also discloses a composition for growing new cartilage comprising
mesenchymal stem cells in a polymeric carrier suitable for proliferation and differentiation of

25  the cells into cartilage.

U.S. Patent No. 5,863,531 to Advanced Tissue Sciences, Inc. discloses a tubular
living stromal tissue prepared in vifro, comprising stromal cells and connective tissue
proteins naturally secreted by the stromal cells attached to and substantially enveloping a
three-dimensional tubular framework composed of a biocompatible, non-living material

30  having interstitial spaces bridged by the stromal cells.

U.S. Patent No. 5,811,094 to Osiris describes a method of producing a connecﬁye

tissne which includes producing comnective tissue in an individual in need thereof by



cells to undergo neuronal differentiation in vitro (Wodbury et al. (2000)
J Neuroscience Research 61:364; Sanchez-Ranpos et al. (2000) Exp Neurol ogy
164:247). In these 15 investigations, treatnent of bone Ref S6X 284 omal

cel | s withvwovi/@tildant s, epidermal growh factor (EGF), pom/useiiemsderi ved
neurotrophic factor (BDNF) induced the cells to undergo norphol ogic
changes consistent with neuronal differentiation, i.e., the extensign of

| ong cel | adpmnistesingde said meiadial # gell prepprdiRRoyREs h&ﬁl‘ié\“ PEieapyachsEMEsthur y et
al . ( 2000%&%5@?&&%}&% aﬁﬁé@@&nﬁ Frbw0d whR8 AhS GalRafiP Befdf tidod 6HH00) EXp

Neur ol ogy Ition, these 20 agents induced the expression of
neuronal  speci {; b 1AGHRE S th o d YE R RE Hubdal heRBRpSiSRe (NSE) |
neur of i | anent P/llé(:l{ig{c% %Ng’g}ﬁ%%ﬁ%ég%e nerve0 grow h factor regept_gr trkA
(Wodbury st ablls (2648) comiksing soicahuingRbyoar aies@thged ; stganeshe 7 vin e et

G evt od memaRpoink iR ARE dt o ot o Srthe MinaBndiffe st bl SBitae? | S

st em cel | shapitincatigghetdtifeer entiate into cells of nore than one connective
ti ssue type. The patent discloses a process for isolating, purifying, and
greatly repli TR.imagnt hes 6,108525 déstrilees [ah lirradiated umonielived honanUst®maPaelent  No.

5,942,225 to Case \estern angd Osi.ri.s describes .a conmposition for inducing
| i neage- di@é&%@ﬂm‘?qdé?gm"lcﬁfw %‘@%ﬁ%{?@&?oﬁlﬁﬁﬁec %Iecﬁ@ﬁynal stemcells

mesenchynal st g cB0p8s Akt i DFS TR Ve SRR coopiithed hutis BEPR TG
di f f ergnt @bk AeRiinddiBat FRHAN GOMIBoigisem Ccel | s into a single particular

lineage. 4 2 1 SEP 2004 WD 01/ _62901 PCTI USO1 /0_6106 U S. Pat _ent No.
5,736,396 to Case Magher No, d?,_ﬁ@’,??ﬁestoa Mﬁbﬁl%énhoﬁedcﬂﬁbémlﬂﬁﬁﬁk Wletgpotent
e

| i neage-directed differentiation of isqlat uman rresench%{Prral, 511 emcells
whi ch’ i nclmesenshymalritene cpitsy vhich e sehstaiaily freespfoppltippoleated; myPegnigi H5Rae; ve

factor so as to.q Hatehs WRLHGE. Sreatinfnty ki GhbéatWiRRkil MY SedentHitl
single particular nesenchy+mal "l ineage.” The patent al so describes 5 nethod
of treati rstenmpelisrfoiny predeiiniantly) Sbugblastic ¢eiis avhen emipctedowith mywcly mosphogeie ar
mesenchymel .l i.neage which I : ol rd LRA IR H&lanh need
t her eo apé(gﬁlﬁdlsl'i %lgnc co%%@%%@ﬁg@d?&ﬁu%eﬁn@s%c oymg}l s.erfaflcgl S
whi ch haverdeksd milduadehtddostaictifes it tspatmeowsky contract when omtaged with muscle

bi oactive factor so as to,ther i ce_ex Vivo dif ent i at i oz SUCH
cel T i nt onaREEEF Epin R e Pttty Fed il Wi il lailinflqn
5,908, 784 i1 aFsendest ern di scl oses a conposition for the in vitro

chondr ogenesi s of human nesenchymal precursor cells and the in vitro
formati on of huymwany/e308 dleatipbe shet her ef rmesanchyimat steo pEitss it ireal the kit s

i sol ated human nmesenchynmal stemce|ls, .
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WO 98/20731 to Osiris describes " a mesenchymal megakaryocyte precursor
composition and method of isolating MSCs associated with isolated megakaryocytes by
isolating megakaryocytes.

WO 99/61587 to Osiris describes human CD45 and/or fibroblast and mesenchymal

25  stem cells.

WO 00/53795 to the University of Pitisburgh and The Regents of the University of

California discloses adipose-derived stem cells and lattices substantially free of adipocytes

and red blood cells and clonal populations of connective tissue stem cells. The cells can be
employed, alone or within biologically-compatible compositions, to generate differentiated

30 tissues and structures, both in vivo and in vitro. Additionally, the cells can be expanded and
cultured to produce hormones and to provide conditioned culture media for supporting the

6



condensed into close proximty as a packed cell pellet and at |east one
chondroi nductive agent in contact therewith. The patent al so describes a
process for inducing chondrogenesis 15 in nesenchymal stemcells by
contacting nesenchynmal stemcells with a chondroinductive g ags&t 200h vitro
wherein the wtoeneesh| s are condensed into close proxinm typefusipasked ceII
pellet. US. Patent No. 5,902,741 to Advanced Ti ssue Sci ences, Inc.
discloses a living cartilage tissue prepared in vitro, that i ncl udes
carti | age- peoal iand expangiem Pt ethér] asll paphlations; o Fnansttiey espedts T2 0@’63)19é|a1kp0-

natural l'y sg%‘%pggn%vsuﬂée&nm h of &l mﬁﬁ&ﬂa&dexga e@nﬂrﬁ% 30t % .

enveloplng I mensi o ranemﬁrk CONposé oconpa
non-1ivi ng mdibesei a$suef6hmm¢ent:m he tusedees di nehsbitortal fasﬂltatrctther grovaly | ang

interstitial,..spa g#e Stro |s. The ent ah%
. e %gh ofc ghe%r voormrrﬁorl{l”%%l en Of Ma e SSUE Or § %Whyrral

di scl oses a grovm new cal comprising
stem—cel bs iWOﬂO/;S&TS}Srrm hat disalosd allposansm&hieavefdmrromal(ﬂeﬂs‘ ﬁatdialve)bleeaﬁntﬂuced to
dlfferentlatlon of t he ceII3|§to catllae t No. '5,.863, 531

to Advanced “HEE # gﬁ‘ge%ge%hen e HadTste ‘Bﬁlfai aSt'P ’nB ‘Q?t?ﬁ?ﬁeéﬁ
tissue ' pr @ﬂ)gélﬁ’d’rld’ll hepdtie aell ﬁnmrrioatyrtgmahernnmoaﬂld it &ikdisseandsatn

tissue proteins natural ly se ed by SLIo ceII attac to and
subst ant i al Fi§FeeAeREed sipyale Yool tﬁ‘?@@s gﬁ?&?@%ﬁ&?a?ﬁﬁb El’ gif¥sed of
a bi oconpat h@b&;ytdiﬁendtypidxﬂ&kémt erial. 30 having inter st itial spaces
bridged by the stromal cells. US. Pat ent No. 5,811,094 to Gsiris describes
a met hodgof prodwo ggzmmgmn@dslm&mdﬁ bﬁdswdinpfgﬁxhﬁlh}s if'oﬂ@iﬂ'b%ﬁatﬁfgoﬁu/ flal 8ells
connective tissue in_.an indi t her eo 01/62901 2 7 SEP
5004 PCTI EESerS D B e i P TG O BRI PPRING! HRLSROCCT HRBYES 4t  on
cont ai ni ng m@ﬁsmeﬁ@weﬁl stemcells which is recovered from human bone

marrow and which is substantially free of blood cells. U S. Patent No.
6, 030, 836 descr i Wes0(#44882 Hieclosef 2 ARihod Aidvongoditivibfor henmipnmal tdis detwem cel | s

in vitro co co- cul n nesench I ste eIIs th the 5
hermat opoi et ggmfalé’ Jﬁﬂeéntgg‘%f{‘]‘%g? eurﬂ’@??ts‘?% Sgye hgtefc stem
cell's g Nh@hatépoietib 6f Bloat INlie@igks, Mﬁmsges,up&ehaahﬁfges,uﬁduésﬂﬁ&oﬁﬂ
descri bes an irradiated i Mmortalized human stromal cell line in a conbi ned

in vitro cul tur atWatgbahbmpxbmmmetm;ﬁomeemmm asEinkthodib &GﬁﬁﬁﬁﬁAl and

U. S. Patent. No. 940 scrl es hunman,bone marrow 1 st rqQnual
li nes. t hat Efﬁgflgiin%}? gﬁsg By tﬁr Rﬂrpo‘%es’sf‘f (f:}l? Rﬂﬁ‘g’ﬁogen
descri bes ppkbﬂliduﬁﬂofﬂe&m’dlméreht

SUMMARY OF THE INVENTION

The present invention includes an isolated adipose tissue derived stromal cell that has

‘20 been induced to express at least one characteristic of a neuronal cell, an astroglial cell, a
hematopoietic progenitor cell, or a hepatic cell. These cells may be used therapeutically to
autologously or allogeneically treat a host in need thereof, or for diagnostic purposes or for
the manufacture of a medicament to treat a neurological disorder or to improve hépatic
function or hematopoietic function. The cells may be administered, for example, in any
pharmaceutically acceptable carrier, including phosphate buffered saline, to the target area.
25 Alternatively, the cells may be administered in a matrix, lattice, or other materials lending
two or three dimensional structures to form a structured depo, for example, an implant or a
graft. The three dimensional framework may be biodegradable or monbiodegradable.
Examples of biodegradable materials for use in administering these cells include alginate,
polylactic acid, polyglycolic acid, polylactide-co-glycolide, proteins such as proteoglycans,
glycoproteins, hyaluronins, fibronectins, and collagens. The cells may be administered, if

30 desired, in ‘combination with another agent such



mesenchymal stemcells, which are substantially free of nultinucleated
myogeni ¢ | ineage- commtted cells, and which are predom nantly

stel | at e-shaped, wherein the nmesenchymal stemcells form predom nantly
fibroblastic cells when contacted with muscle norphogenic 215 §&Po28¢n i n.
ti ssue cul t uwe amsebioum cont ai ni ng 10% fetal calf serum and PCE/ISV1/06106
predom nantly branched multinucl eated structures that spontaneously

contract when contacted with scl e . porphogeni.c protein_and scar
i nhi bitory PH2cHekns &9 Jéct%f%wf%l %H‘?%%?@&%WP’&&W{ chiemothsTapeYLc, hgmene.ca) f

serum WO 9QRAIIBpRERE chrbSisydtepeptfe, of nubRIERIDY MBI stemcells to treat the
central 20 nervous systemand a nethod of directing differentiation of

bone marrow st r Gnede ceHolBneny¥SirSB4I20MBmay be deri@ed frpw sbestianeas, - a
mesenchymal megakaryocyte precursor conposition_and nmethod of isolating
MBCs associ aaaumamyst gpnﬁqul oft eneniAl gawaseydeyes agd ylp-diffesentigted igtonful ¥ 1dumapiorslt es.
WO 99/ 61587 10 YA e i u 3 ; (R | 3 g

mesenc hyr%al p‘f@n@%ﬁr}t} gtglﬂl Eafsv%ﬁ%%l/@ S%Egg%ﬁ{%ﬂﬁgﬁfvcg%ﬁﬁpo &tl?’riet ts ur%tﬁ"and
The Regent s hethatopaictionervloed csll biieageSanduraneh (nesrvghs systamg slingaggsosdroghialioglly st em
cel s and '%%fﬁi? Seis é&gﬁﬁeﬁmihélgésy OltleL&ntRfinRAk RAE YoGide mahshs bedinghRagneal | s
and clonal populations of connective tissue stemcells. The cells can be
enpl oyed, abdipescotissut tdaiivedbiedls dbprapaiiticgtly dfop atcinople, fotipsneirepain Segdneratjamer at e

differentiated 30 tissues and sttuctur both in vivo.and.in vitro.

Addi t1 onal | JoorTeIn TS aRmRoeE AT 48 Drorar s b BRp R R Wb F B nes
and t o PRoOVkfteinGeAdictand tigde engideding. nedi a f or supporting the 6 2.7 SEP 2004
WO 01/ 62401 PCTI Yg0 oleD LB digHe ¥ tHay2 BRvRIX PREHdR And feobfifions &bl HRORUAI, ONS.
I n anot her 21? %%%%%igf\? 00153795 a lipo- derived lattice substantially
devoi d of ¢ s WAILCH 1 ncl s extracellular. matrix material form,

adi pose use'eiglﬁ’fﬁéﬂ?%q?é@ﬂgﬁw By PTG PRl telohe
growth and ®Bhf dhemstrhing Bieages) lnsludinh Gubglot ifemitel W6, BémAtBpotdticr &lls i 40

anl agen or mature tjssue Qr structures. 5 WD 00/ 5-37%2 di d not disclose

adi pose t i s &EHEOR FliFetnd ilingtheir nsegs plevrippignt iserelld ior heftrataat phbe nwnbies

at - | east;50ngs pRMN BhifraCibARMGAsNE Blstates0f @ neuronal, astroglial, >
hemat opoi etic progenitor, or hepatic cell in its priority. docunent, nor

did it disclose fNaioctRt akret afltieaayention,td mSthed By iﬁdaa@tamgmﬁs@@é bedivRat has-
been dedifferentiated such that there is an agbsence_of  adi pocyte

phenot ypi ¢ A slls oS5, 1535 9 dRBErBRcOl el oirosh S uB iFB Y fln &t or

di fferenti atidpist4 QRiond e hitfoghidlO heRiRGHdRES Cplop &ML drhépati€!del, A BidIeHed

ost eobl astic properties, and nethods for _inproving a_ subject’s baone
structure. comprising: culturing isolated adipose tissue-derived stromal cells in a chemically defined

20  culture medium that optionally contains serum and appropriate growth factors, hormones,
cytokines, serum factors, embryonic extracts, preferably a noﬁ_-hun'l_an embryonic extract;
and/or. chemical compounds to induce specific lineage differentiation.

The methods and compositions disclosed herein may be used for autologous and
~ allogeneic transplantation of cells for the treatment of human odnd__itioné, including but not.
25 limited to, blood dyscrasias, cancer, central ﬁérvdus diseases and trauma, peripheral nervous
 diseases and trauma, liver diseases and trauma, among others. - .
In addition,' the cells of the present invention may be genéﬁcélly‘ modified to 'expréss a
therapeutic gene product. The adipose-derived cells may be genetically modified, e.g., to
eXpreés exogenous genes or to Tepress the'ekpressiog of endogenous genes. In accordance
30 with this embodiment, the cells may be exposed to a gene transfer vectdr cdmprising a nucleic acid
including a transgene, such that the mucleic acid is introduced .it_II.(_)' the cell under conditions

appropriate for the transgene to be expressed within the cell. The transgene generally may be an

8



WD 00/ 44882 di scl oses a nethod and conposition for inducing stromal cells
derived from adipose tissue into fully functional pleuripotent stemcells
as evidenced by differentiated 15 henat opoi etic or blood cell I|ineages,
neuronal |ineages, epithelial |ineages, and uses thereof. 20 SEF2%080 It is
a goal of theypegssat i nvention to provide new cells and rgRihadsodisy
therapeutic treatnent, diagnosis, other nedical uses, and other purposes,
including the cellular production of desired materials. SUMVARY OF THE

1 NVENTI-ON Tlagprpysion enssetteninelodiog a coding prdasiclastide sptrablg tinkeli tp a seitdbleggomotder i ved
stromal cell that has been induced to express at |east ci har acteri stic
of a neur on&he eling pokymueietidp gray fmeedg| 3 protgin, ﬁ‘e‘rtré‘i!aéfrf@f’%jﬁbéo ﬁ@ér‘l‘FT‘Gr 1,

or a hepati g;c§8! AntisehB 838\ &&lrivs-iRy be used therapeutically to autol ogousl y
or allogeneically treat a host in need thereof, or for diagnostic purposes
or for the manufacture of a nmedicanment to treat a neurol ogical disorder or
to inprove hepatic function or hemat op0| et I C funct ion. The cells may be
admi ni stered, for exanpDEIAILBEBDRESIRPARSNCOD ENEEPNabl e carri er,

i ncl udi ng phosphate buffer ed sal ine, to the tar get area. Alternatively,
the cellg may b 54 Bloffled Refodinflichpdiont {8 adbsNBEL dRLE LA

| endi ng tmo or t ree | nS|onaF structur s to a structured depo, for
exanpl e, ancélispindured do capresyraifleast The charaoberistié nﬁmsn@rvdipoﬂfr dsweoiekivedhgelbe

bi odegr adabl e no Q degr d terials
for use in ’5’&? ??l%teﬁ%ggghesgg]ggl F?al ncmgmztop&ﬁ%gmg%m@m f{actnj‘lanc a(]:]rgld

pol ygl ycol i grodaded by tiel nydtiacis bﬂmvemog bgmtmdlea sanc@toépt&&all}um’(ﬁlﬂlﬁdlfferentlaied,

prot-eogl ycans, .. ycqprot ei ns fjibronecti and_.col | agens.
The ool 3° oot P Givien guashiehsted ol mdibled Wi Aiend®hy 6 2ot
agent sygh tadhblaBthfién) &ﬁtitde?&reil’:pﬁER of QGiadhe &@Iémh@@idm&i@& g1: 13 traatmyﬁtodmenal
growth factor che ndu agen bi ol ogi c, cherrot her apeuti c,

“hor none, disease, Pq F&‘%T‘H‘F@r‘ﬁ a?‘%d’ﬁ?tfr‘ﬁ&aemr Y& or nucleic acid. In
one enbodi nent romal, cell.s may erjived from subceut aneous Y,
Gonadal - or  ormerRdPECHS @Es & Ao a1 B bie FREEY A & FAREG OF
Funct el 3%5%“ cont Fwated"e?n‘?‘éﬁmd‘ﬁ‘*’e'“&“‘“*’??‘??’cmr O e s
ouronal . { iy SLRERyS b PRadasf cHapRs gRaicasin G0 UMD SRS var Svar
_epijt he:jiml konazgasts cebdi@ thetbatthoiiad SodBimaR it (BMIP biked onQheit Béight dnfe .

i nduced - :

weight. Adipocytes can be harvested by liposuction on an outpatient basis. Liposuction is a
relatively non-invasive procedure with cosmetic effects, which are acceptable to the vast
majority of patients. It is well .documented that adipocytes are -a replenishable cell
population. Even after surgical removal by Iioosucﬁon or other procedures, it is common to
20  see a recurrence of adipocytes in an individual over time at the same site. This suggests that

ad1pose tissue contain cells that are capable of producmg new adipose cells.

In one embodiment of the mvennon, an adipose tissue derived’ stromal cell induced to

express at least one phenotypic characten_shc ‘of a neuronal, astroglial, hepatic or -
~ hematopoietic progenitor cell is pt'oﬁded. Phenotypic markers of the desired cells are well
"25 known to those of ordinary skill in the art, and copiously published in the literature.
Additional phettotypic markers continue to be disolosod or-can be identiﬁad without undue
etcpeﬁtlientati_ol_l. Any of these mark_ets can be uscd to confirm that the adipose cell has been
~ induced io a differentiated state. Lineagc specific phenotypic characteristics oan include cell
. surface protems cytoskeletal protetus, cell morphology, and secretory products Neuronal
30 ,charactenstlcs inelude the expression of neuronal markers such as NeuN, NF-M, NSE nestm
and trkA. Blood specific markers can include the presence of CD4, CD8, CD7 CD19, CD45

S



adi pose tissue derived cells therapeutically (for exanple, in tissue
repair, regeneration, reconstruction or enhancenent, diagnostically), as
bi oreactors to produce desired substances, 10 and in gengfi$Erangditi ssue
engi neeri ngvo Bt/6208t ot her enbodi ments may provi de net hods peEmasewpP@si t i ons
for the isolation, characterization, and differentiation of adult human
extranmedul | ary adi pose tissue-derived strqorn.al stemcells along non

- nesenc hynﬁmii GP3hedCR; §it udingefberdinget shill fptiby artowilh &veEdpoithat [ kaowa| | s
and neur oalrrfekd S ﬂu@fagkeﬁsgtl iéﬁﬂgufﬁloﬁﬁh%iiéal,u $RlyRfrddl EtHat GaiHon S RS I3 foOr

the treatment of & nunber uman and "ani mal conditi ons and di seases.

i n anot herradioplesnticad fmathnes cay svadily Asceraindiichprasepes of fhaerse md acliieps epepifigsue
derived st | cells to express at | east one characteristic of a non
adi pose tissue 'derived cell, for exanple, a neuronal, astroglial,
hemat opoi etic pLQ ' .6 el A pded. . ¢o LSl ng.

cul tur i'ﬁg i sol ;&P eaggtg%ﬁt %%}%oﬁ ?@gﬁgﬁﬂdﬁ?ﬁo\?}e@o ‘sn? ?Soargg?a{%f%sﬁlsatﬁﬁh !‘.ngatc: éﬁ%g ar y
defi ned 20w daived stedialwell tephible pf bammintiyced tnéxarassatdenstumsatheractprstiopf rat e
grow h factors

. _hor.nones,. .cytolanes, .serum f.actor nbryonj ¢ _extracts,
pr ef er abl yPO-adRsH ﬁﬁc‘&ﬁ %E%ﬁd}%% JEDI G e 1 ?Sgﬁpgﬁff’]l’e%f’%é‘%l O%E%ag?ﬁ?@% to.
ijndu;:e sge%@é@oi bélﬁageiedihe&gea?ﬁeﬂ h&pbs{em.erﬁéte stl’ﬁgﬁdflla_jéﬂ cﬁﬂda_eciﬂﬂmﬁﬁﬂtbiyom .

I SCI O0Se erelrn _nmpy e us r aut ol ogous enel Janspl a tation
of cells f¥pencael ﬁ@@%}?ﬁeﬁf&s@- RGO e qaeﬁ'éﬁ%??a--lﬁ&f pibSapi cad boos
Li mi t egy t Oprobiliad Gn ANEMHABRLR Swittt ANFikmadetidalif acBGHbRY SarelicS G8S @SthdRgadicauna,

peripheral” nervous diseases and trauma, |iver diseases and trauma, anong
ot hers. | nappieitionoincluding bul pet mited do plissute fepair yegsasraiprrapcasatrygdipdidrcal | y

modi {1 ed t GuEARLESS RupdDALRRAHY HEAA BOMPE culliie RIS bisBace! | S
may be genétically no led, e.g., tO express exogenous genes or to repress
t he expr eslsirein todedefftegetedbs stpamb sells snchabd dreddediftereniftedstrdmal loelds @nitedi nent |
the cells nay .be .exposed t.0 ne 1 fer t opmr.l Si iC
acid incl ]i’led%‘rq}jceget? reé‘ﬁ%easeﬁheafﬁg%gﬁce‘ét%%‘t%ﬁ% ﬁeernﬁlc &€ O%céli%ﬁ% ?éljlﬂﬁfl %g%glleh i nto
the cets, dudiferentiatediatiipotge caply mpdifiad @ ciud¢ haeot-eatvggens gt equaxpfassed
within the cell. The tyansgene.general. y an WO.01/62901 2 7 SEP 2104
PCTI LSl | Btk ke JeBfFRC BT B8 PPine (e nirTaBteg FRPE T Bot? 0B

oper abl y | iipkfévé embodmbitaby finfhieRREas a hoXhe 296 ion GraodiihibieD fheewsmy
encode a protein, qor it may encode biologically active RNA,  such as

ant i sene RIQAa@rsitgd HeEBSYHAPUR9ES Al LED DESCRI PTION OF THE INVENTIO N -- 5 The
i nvention provi des nethods_and conpqgsitions for adi pose tissue-derived

stromal cel | s [P riaodey embodinprtedsthe inyegtany 2ometehdy arovied et Eilirentiatign
adi posgy t i sfliRe A8k WeAv&Ieittomal cells into cells having the properties of hematopoietic stem

cells, neuronal cells, astroglial, hepatic or other lineages, comprising: plating isolated adipose

tissue-derived stromal cells at a desired dénsity, including but not limited to a density of
about 1,000 to about 500,000 cells/cm?; incubating the cells in a chemically defined culture
medium comprising at least one compound selected from the group consisting of: growth
25  factor, hormone, cytokine and serum factor; and optionally, an embryonic extract, preferably
a non-human embryonic extract. In another embodiment, the cell is differentiated in the
absence of serum but in the presence of a chemical agent, for example, an oxidizing agent

such as 2-mercaptoethanol.

In another embodiment, the invention provides a method for inducing an isolated

30 adipose tissue-derived stromal cell to express at least one characteristic of a cell of non-
mesenchymal lineage, comprising: plating isolated adipose tissue-derived stromal cell to a
useful density, including but not limited to a density of about 1,000 to about 500,000

cells/em?; incubating the cells in a chemically defined culture medium at least one compound:
10



preferably a neuronal, astroglial, hepatic or hematopoietic progenitor

cell. The cells produced by the nethods of invent ion can provide a source
of partially or fully differentiated, functional cells havigep 2004
characteri S¥@@g6209lom nul ti pl e ti ssue |ineages for resear @CI/UBN/06106

transpl antation, and developnent of tissue engineering products for the

treatnent of animal_  di sease, apl n4| sease %\; | ssue repair
or i npr oveReFied ﬁ%i%@'@uﬂ PRSHH 5)? f@f’gp“a{g% TR 20TTe
MArrow as ;34 §p%: oﬂcﬁﬁﬁﬁiﬁtprﬁéraﬁyﬁﬁﬂﬁ-bumﬁﬁﬁﬂr?@ﬁé &xtraddi pose tissue
Is readily acce55| I e a abundant in many individuals.' Obesity is a

condition of  epi#iedhthd doaideaf Shel iBvdulitn biovided adipab@srveahRagietaited 5 50%
of adults exceed the reconmended body nass index ( BM) based on their

hei ght andelluelgripotenidsipn opieapd Errepistuarelle of ean%vemqhﬁeeh@eﬁsﬁ that 3k
out pat i e“;og@ﬁéééacc% Hed ABhoE o erﬂeﬁﬁanveélﬁh RAR WRE HEaREIOSREURE Wi th

cosnetic are acceptable to the vast mmjority of patients.
It is wel lalldgarimteansantetirms. adi pocytes are a repl eni shabl e cel |

popul ation. Even after surgical renoval by |iposuction or other procedures,
it is common t dn 8@ peferrad ewbedimenictbe gie iadinebnereoys systeantissnelingd tb@:é%lred/er

that are CHBROPEEE BPEREECHRRAT, dr 538bnd BARY PrboBaME, BOMARARR ' 2 |
i nvent i on,nefdud eyspeds Gsduk 20 ¢he disired/ eritasteristivadr Iﬂxehcbtypmﬂmeaglmb Ieapttess at

| east one phenotyp C char cter| stic of a ne nal stro I al, at.ic or
hermt oHoi eEFiETed, ip it iniron B ABst sBRE Rk oF bl PR

desired quelnato@&enaveiﬂ yaandﬁﬂevumbb@nﬁeh@ae ot iOmdi me@am s§dérh) anid in phGc@at , and
copiously published in the [iterature. Addit. phenot Iﬁl may ker.s
e

conti nue’ t beﬂfdﬁl’é-‘c#hééjéﬂre@r‘;héﬁ‘ﬁte’éﬁlclQﬂéﬁt}F‘ioFYPéds %FR"I%Ut Prefrg subject i§

experi mentq} Rian"Q¥rePretABH S T SR be used to confirmthat the
adi pose ce as been” induCed to a differentiated state. Lineage

speci fic phenowp&tcaﬁ&ma&ﬁﬁdﬁlﬁédtcamcmehﬁtﬁﬂ YeRides! b meted age Rpeligg NS,
cytoskel etal proteins, cell nDrpho ogy, and secretory products. uronal 30

char aclter ibetriatopoicsis iy d @atidnd cOmPrEss kmpbntah@up%ﬁalceﬂw the dnveniaR gt theu N,
NF-M  NSE st SREK e

br esence ot Pt B fhs et gl { by BaRhbG BRI In SA7ofHEE, b
PCT/ USO1 /dBE m&m@[e’ﬂﬂy oEBGHy tTDected with at)!mstamemudliewaﬂc}d ssiqidrice.i A vieed oar t
will reco nown alorl t I;C | h

pol ymer as lﬁfh@@%ﬁnﬁg at %aé"rﬁ n[efi mmlel %g@hg(&n%% to HQ%%@ %g%r?%?%gdl |y

ascertain dehma@mmfecﬁhsence of a l | neage specific marker. 5 1In
anot her enbodi nent, the invention provides a dedifferentiated, isolated,
adi posg ti ssuehdemipssdiisie denivel stroarl telbapefal & i rmmmg dfrickeateh may (bxpr ess

at | east one characteristic Qf .a. non-a SS ri.ved cel,l r
exanpl e, r%%‘ﬂ?t%gb’ a gaichy, Of mgfhods, kpawn fo g?dp ﬁ‘g{:‘ﬁ) léléetFrg For ‘exéttiple, e

methods are described in U.S. Patent No. 6,153,432 incorporated herein in its entirety. In a

=

preferred method, adipose tissue is isolated from a mammalian subject, preferably a human
subject. A preferred source of adipose tissue is omental adipose. In humans, the adipose is
25  typically isolated by liposuction. If the cells of the invention are to be transplanted into a
human subject, it is preferable that the adipose tissue be isolated from that same subject so as
to provide for an autologous transplant. Alternatively, the administered tissue may be

allogenic.

In one method of isolating adipose tissue derived stromal cells, the adipose tissue is

30 treated with collagenase at concentrations between 0.01 to 0.5%, preferably 0.04 to 0.2%,
most preferably about 0.1%, trypsin at concentrations between 0.01 to 0.5%, preferably
0.04%, most preferably about 0.2%; and/or dispase at concentrations of 0.5 ng/ml to 10

11



progenitor cell. A dedifferentiated adi pose derived stromal cell can be

i dentified by the absence of adi pocyte markers. |In anot h,;rs-(rg sel,\rg)?'ﬂl' ment the
dedifferenti ated adi pocyte can be 10 provi ded in conbi nat i

phar maceut iwalolgpegiccept abl e carrier for a therapeutic amdIEsa/ v,

i ncluding but not 1Timted to tissue repair, regeneration, reconstruction or
enhancenent. Adi pose tissue derived stronal cells can be cultured by the

met hods dingém@ or i&piyercopeeniyalnng O PratipaifessioR Onats srrecthyleneinditi- ¢ hat
the dediffg da@df %{5&1&%&&&&&%&%@6@5&@% 'iﬁé&&%ﬂytaf)alﬁﬁprl%ﬁbout .

characterlstlcs I's other than adi pose tissue derived cells. The
dedi f f er erltd atdmmeli prefeyably etahShenbdt tamngrafuses h@WB@ezﬁa tgoff’ Gnméeéﬂéﬁs gene

sequence fo egggdtﬁ%i»@r}?&& I%fega% &%@)o@rfgfehed%fb% (isnums‘s to 3 hours,

dedi f f er ent 1 at iI'n an ernative e od i ment
adm ni $t erpedextablya)ehmeh 3D rmmmes/\m lolnouu',rmm pmfméﬂz #d madhutése éﬁwwo}is(arefpasseé

desired th eut| pur ose. nt entiQ

met hod is tﬁqo (gﬁe?sfe‘él?ggn??s i%'l fg’nRV | ggsmelcﬁmsgugo%%rl T’r\(}Ee'gd Q{r Fo
cells i Int qnffleﬂab@ W¢eﬁlg40 Fvazuw Ao, msoﬁrﬁmwl gpanietone  Sthe nelte Iaiesﬂaerll
neuronal cells, astroglia atic or_other |ineage atin
ool ot od dabipHebio GHESHA G DB gAY T Eelt O Gie 3 Tl g o | "
i ncl udi ng ﬂﬂl‘kfcuﬁ%t %rkdléﬂtt edns Q*ﬂﬁb@@éb‘&hﬁlgeﬁt spéb@@ﬁf bekwBR01 0000 3DoMK £ QP00

cells/cn?;” i ncub the cells in a chemcally defined culture rredlum

conpr i ¥ ng)rd’@rab]e'é’@ﬂ tmh@oé@&mhaeﬁe@béc@téao P%fﬂrpﬁ@dg phbgwesnsimfes &P b :
rowt h 25 f
9 Hofle bf) ac?p pr g ﬁmﬁﬂe@‘%ﬂo fe&%ymﬁ@s% tenfafhnRR! dr ¥Rty .

enbryoni c ‘e a non- onitc extract. In another
enbodi nent4° id ﬂCmbﬂerabbrhtbﬁefeeQ@"rtDAa%ibdlosirpreﬂq@bl}'@bslﬂwté?ﬁf serum but in the
presence of a chem cal agent, for exanple, an oxidizing agent such as

2- mer capt oet hafThe inventicnesipeisescetht trditmentt of théredipose diasvie sleripadotionhet cdlsifet hod

f d t

L") et dnghoR e By BiR emERg e S fiohl? MSRRE hobfhl, B dRORNeik of GEXP €99
conpri B NgWhik fhkiimgniiGoisabetbuad ibp ase tHebgsofepemtion; didis bslkaveairﬂiat trmhlnemto)fa

usef ul dent%?m\}(3 i ncl Udé’ﬁglg but.. not I|mted t .a den it bout 1 0

Sbout | 500, BOBABHEP SHBL s e, BATEE R BBIRoR §F Mo rPRSPTY FEfhed

culture LtAbt al RAShuQRe eﬁBW@ﬂdnéxtraI;Q MNERE/ 62 20cbnibinanSHrbvA 0 factol,
CTI1US01/ 06106 sel ected fromthe gr con5| stipg.of .. growth factars,

hor nones, CYWlRNgS.r heEWngs, qanddr henk o@” afd?o FRsiop’]  ox r-amsngendt ¢

extract, RLeiehARheR AAnBHSRREHNaNe) C extract. In still another
enbodlnent the invention provides adi pose-derived dedifferentiated cells,

pl eur i ot ent S&xﬁ;@ﬁﬁhﬁg eﬁ%l@'ﬁ%ﬁe%ﬁé&@ﬁ%l%'tﬂeﬁn&ﬁocﬂ% RSy Rlclude

| i neages that are produced according to the nethods of the inventjon.
Such cel | M@Ms@ﬁ&?ﬂﬁalnM@!}%IB@i@s 1, LPM (Bovine Serum Albumin-free),

F10(HAM), F12 (HAM), DCCM1, DCCM2, RPMI 1640, BGJ Medium (with and without
Fitton-Jackson Modification), Basal Medium Eagle (BME-with the addition of Earle's salt
base), Dulbecco’s Modified Eagle Medium (DMEM-without serum), Yamane, IMEM-20,
25  Glasgow Modification Eagle Medinm (GMEM), Leibovitz L-15 Medium, McCoy's 5A
Medium, Medium M199 (M199E-with Earle's sale base), Medium M199 (MI199H-with
Hank's salt base), Minimum Essential Medium Eagle (MEM-E-with Earle's salt base),
Minimum Essential Medium Eagle (MEM-H-with Hank's salt base) and Minimum Essential
Medium Eagle (MEM-NAA with non essential amino ac1ds), among mumerous others,
30 including medium 199, CMRL 1415, CMRL 1969, CMRL 1066, NCTC 135, MB 75261,
MAB 8713, DM 145, Williams' G, Neuman & Tytell, Hignchi, MCDB 301, MCDB 202,
MCDB 501, MCDB 401, MCDB 411, MDBC 153. A preferred medium for use in the
present invention is DMEM. These and other usefil media are available from GIBCO, Grand
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al l ogenic transplantations. In one preferred enbodi ment, the site is
central nervous systemtissue and the desired characterigsic or Ehenotype
is neuronal. In a second preferred enbodi nent, the site i nervous
system ti ssweossrdort he desired characteristic or phenotypedrassasistemsgl i al . In
anot her 10 preferred enmbodinent, the site is intravenous and the desired

characteristic aqr_cell é e hemat opoi etic. In yet another enbodi nent,
the site i SapRNfepdifan %é‘il%ﬁ?al Anipsirigs, Bet HpEmela dsracly ameongiofhers. A mumbere

desired chaf dedeahbdit ke QrRBSAPIBHbS NeRAhSon P WohERAPY Y, “Caf cgf}#af eCl IS

manmal i an, nore preferably the subject is human." I n yet anot her bodi nent
the i nventPbﬁzﬂﬂﬂﬁébywlﬁ@{qﬁdaﬁbY|aﬁ%ﬁéﬁ B@Stanwbhéméfoﬁip‘@ﬂ@@usl’rm, &nc.

patient, conprising transplantation of the cells of the invention into the
patient. Preferagdiffonal pen-¥ g,gxa;mlgﬁqf@mﬁd;as}lsﬁyl inrthe metbedsied therifivapiiomeanl n one
ebOdLIENt corfdh? et Shobun oF BbUALSE GHik spechls oF h BBk B SE SGLELI kd Jﬂ)oﬁ{ 3gg2s!

one nuclei ¢ acl d sequence. vira er ve e ContalAin
one desir eprefmbﬂjehfdem iauoméq&e:ﬁﬁ%,t motjly Iirnffcrabljwbedt 10%.0 Brﬁwyonﬁebxtramagf

medi ate transfecti The ad| tissue erl l,~o,CEl LS .useful in
the met hodghl 1OhY n’fSpege%?hﬁé’r o"‘ltﬁtc%%feﬁv g%‘? 8@‘9?3% RSEEBEhEwn t o
t hose sKi Iieesiabdntsmoas%,mEﬂrprﬁmustplabout&mh met hods are described in U S
Pat ent No. 6,153,432 incorporated herein inits entirety. In a preferred

net hod, .adi.poseBy i‘gowth fastoiss ojtakineh, homiones B MBIde@ heSlpwiBE spRifef AEBR Y a
human ISUbJél te?l referr sour e of adi pose tissue i s onental adipose. In
th §‘§§‘E

humans nPglrE%e PpEey formeps: shdgorasiin, Beapkappisho. IP‘ieﬂF‘FFél gells

of the i NVRRAHn &, SntbdeuRfh ¥ ARSB) g& Q@Ioh?tsﬁmﬁlaﬁﬁ'él RAbrS Wit dand /bt &l
preferable that the adi pose tissue be isolated fromthat sane subj ect so as

to provi defaplor ogiropigteasrayarads narispinapin L grewHufapipe, gpiderval sromitinfastoar ed
tissue ”ay{l?r‘c“bla& NEaStor I&I&ngrg | 5@&%60{“%@%%%%@%%9Sgla{eie§%éﬁ Serived

st romal adi pos€ t1ss enase a
concent r at griowth fa@pm@e':h bonenorpbogBndix profeiafat cerskyrafioBoftheiveeR? Yhgopmetmi to

o <7 80! VB iy YIRAT i RRBGRT R AR R B Od ol
concentr at umfuﬂ; iothe ﬁlefhodmgf thb intventio atd aifle o iBhize 206 100/:0%hé ﬁﬁ:&@ﬂon of blood

PCTI LJSO1/ O nd/ o i,ve.conc r at j.ons ,of | uronjdase or
Dnase; and® %éﬂwglgﬂgﬁ%% H{e f’ﬁ{ iaé%i?témﬁﬁe r}f{ osegf’n E@Hf‘]'rcﬁ $¥ns of
el b S o SATATBLCI) . e A0 S0 Cole o
B b o, At IR SRl S 27 dsBa o AN -

m nut egg t oi535hour s,

Yt is further recognized that additional components may be added to the culture

" medium. Such components may be antibiotics, antimycotics, albumin, amino acids, and’

other components known to the art for the culture of cells. Additionally, components may be
added to enhance the differentiation process.

25 By “chemical agents” is meant to include, but not be limited to, antioxidant
compounds such as butylated hydroxyamisole (BHA) or 2-mercaptoethanol, steroids,
retinoids, and other chemical compounds or agents that induce the differentiation of adipose

derived stromal cells.

By “characterization” of the resulting differentiated cells is intended the identification

30 of surface and intracellular proteins, genes, and/or other markers indicative of the lineage
commitment of the stromal cells to a particular terminal differentiated state. These methods

will include, but are not limited to, (2) detection of cell surface proteins by immuno-
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5 preferably between 30 mnutes to 1 hour, nost preferably 45 m nutes. The
cells are passed through a nylon or cheesecloth nesh filter of between 20
mcrons to 800 mcrons, nore preferably between 40 to 4Q07 iSE€r#fs, nost
pref er abl y wOonseeions. The cells are then subjected to dicrfusosetecal
centrifugation directly in media or over a Ficoll or Percoll or other
particul ate gradient. Cells will be centrifuged at speeds of between 100 to
3000 X g, fwrascehdmsihefiensibg yromosneeiﬁymocdoeﬁ? apendias dimked wing/a atcoBday X g
for perio f - S . re.. e

i nutos.  rpsfesseBE R Bl B b or o] critilc plFRE IOCOREA e Rt
pr ef er abl ypriteingbe im@Ondfmork@cent methodsprsefzgretbinyspetiicanontcld@siCintiftries imkedit i on

conprises the treatne of the adipose,tiss derjved. str | Lls to
e ¢ halfited PErTH Attt e SRR ek Bad ey sl ne L e f dsPot e
| i neages off &l pesies b¥Spolfindreset di@in redetivn] &n sits hybiidibaiend alyoranyttielie bloy of

operation, it is believed that treatnent of the preadi pocytes with a-nedi um
cont ai ni naY#dnbi nati on of serum enbryonic extracts, preferably a

non- human _enbryonj ¢ extract urified, or, recaonbinant .growth factors,
cyt oki nes, hor famedy onigrwRlty lgﬁﬂee_a?‘fe%g@ﬁtﬂ%%yoherﬁhafazte’agm_s% igpiigation
3- di mensi qffahyfaddl M GRRME AR BBeins Madnks, | GME 8ihd} IafeRMhiiRAR@Dbf 1RO lineage

Non-limting exanpl es of base nedia useful in the nethods of the invention
i ncl ude MopimimanEekiaa stremal vl torh reaipular tonpnah diffemistebstatpe Thise gpgthods

Al bum py f . 0 , , '
(w 'ltjhmlzribndrv\?imﬁ% %%%‘Ee’ %’It\%rﬁ éﬁklé:ﬂ)iﬁéwl\/é%i | caﬁe%aggpﬂ ﬁ@?&“@%ﬁ%&“ o

( BVE- Wi t h itdenafietiréscor asfayEandhesssilavalcytomotrs @) in Pitk himuwoostaiibgliof iadigofagl e

2 % O Wl e R i Ao B =

(MLO9E- Wi tHetaEar dreosecpahitn [jGamihos M2 ciIL 1 9RD Bigddl 8OH 644 173); Hood kdetectian tofbase)

M ni num Essentj al Medium Eagl e M E-w t arle's |t has M ni.mum

e ment T ol RER RIS o, RE R UG, et o, Bt Ho o R Oh St | al
Medi umsEaghenbbEehibe\Af ¥dipdte fishe eGSRl stromaltdHl1 QsiAg bidsific nedHBElGnAl UAtHodies

ot hers, 30_including nmedium 199, CWVRL 1415, CMRL 1969, CVMRL 1066, NCTC 135,
MB 75261, diropipsl agrinst perpyporasproferalorzativated TepgpirRieunow, Xdrseptors: giwmm D vepe
301, MCDB 2Q8s0rs MCBBR20) d¥ebBorf!Od the séldrd of MaBfee leRctivé RREIARS fugH agedi Uum

for use in the present invention |S%M These and ot her, useful nedia are
avai | abl e dsteoenla), BERAR aawde. 1eptinp Cufpb20detlepkin § psteoppgeserin ¥gapd ymd(or06106

1005 ot Sy BAORAE Lok 0B P58 TR s A

others. Anu ese nedia are s s 1n Enzynol ogy,
Vol ume20 L \Asipblymefed tha@utetaiion,' ip sife hybridization, and/or other blot analysis (See Gimble et

al. (1989) Blood 74:303-311).

The cells may be administered into a host in order in a wide variety of ways. Preferred
modes of administration are parenteral, infraperitoneal, infravenous, intradermal, epidural,
intraspinal, intrasternal, intra-articular, intra-synovial, intrathecal, intra-arterial, intracardiac,

25  intramuscular, intranasal, subcutaneous, intraorbital, intracapsular, topical, transdermal patch,
via rectal, vaginal or urethral administration including via suppository, percutaneous, nasal
spray, surgical implant, internal surgical paint, infusion pump, or via catheter. In one
embodiment, the agent and carrier are administered in a slow release formulation such as a
direct tissue injection or bolus, implant, microparticle, microsphere, nanoparticle or

30 nanosphere.

The presence of the differentiated cells of the invention may be defected in a subject

by a varety of techniques including, but not limited fo, flow cytometirc,
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pp. 62-72, edited by WIlliam B. Jakoby and Ira H Pastan, published by
Academ c Press, Inc. Additional non-limting exanples of nedia useful in
the nmethods of the invention can contain fetal serum of2 b&¢Pnmppr ot her
speci es at woewieEntrati on of at |east 1% to about 30% Prprakevieblsy at
| east about 5% to 15% nostly preferably about 10% Enbryonic extract of

chi cken or other gem es can he_present oncen ration g%ga,go 1%to
30% pr ef &pmppapisigechemigals in é'%uﬁybﬁ@@%"&n’l fafogicapy el

"grow h f%% a s SO BltleRBSple, MUPEPASE, (1999)|m§cemﬁmcawfs@z %aidwwwmaspemflc
factors 0 including, but not linmted to, growth hornone, erythropoeitin,

t hr ombopoi et i nrpds NSl ekl nsfegbﬁérﬁfng%hana@opoiéﬁh %E(slt&h' loie B hbst dEERIAPRAgE
colony stimulating factor, c kit ligand/stemcell "factor, ost eoprot egerin

|i gand, i eswblass, ofihematopaicti¢ kellsyp dantihat de diseased ans} epsr heatreaizdomt Fericyal of
fibroblkas e r r act or,
pl at el ét éerl \53%@“%?%\5& n gg{e}élrw% qf)e%%%%g?% o(agltlla e(%fl%g%é%n I}S}&H 16 1
concent r ahgrafmeit oﬁetememﬂs,pprg(hg:mambu& kemiaopmiehit icgltsa dttattimigeand| @aluﬁmn$ uch

concentratio ine nd ) t he
net hods ogqvﬁ}ichﬁ ?e %‘\#tt %3%#91@8%’ aid%l de@%ﬁg@&ﬁ th%&%gﬁg{’m%cg of
bl ood  cekéblidehyddRAdhsdaying ijoi' fbrctmlrs:hssdmiaﬁdohﬂl hematmbeubm ddvelopmeatges) from

adi pose derived stromal cells in colony formng unit (CFU) assays. (More
et al. (1973) Fhd¥ridatopoRiic edlislofi e ineAi@OBGRS in thblagye:traalanetybeaﬁgnrdars

| nmunol . 142: 3875- 3883 Medi, na, et (29 178: 1507 0 1515.
tt is ur Padeuiady daserdesassepatediih ﬂoaﬂ Qi’{‘rp% ﬁtﬁyarﬁé’fd’ﬂfﬂ’éaa t 6°% he

culture g%ﬁg&ﬁ?edgéiﬁhn@%m%ﬂﬁﬁatwﬁreb&tmvlﬁb&fohcs antinycotics, albunin,
am no acids,. and' other conponents known to the art for the culture of

cells. Ad@léohfé?@dﬁt)ﬁan O HRA SR oPe dadresd defls 201AE Gt &8 Bot limited to,
differentiation process. 25 By "chem cal agents" is meant_to jnclude, but

not be | i diseases resultipgtfiogiadBiire eformpptimesion of mogsaloblpgd selb prodpgtion gathi sol e
(BHA) or %aﬂﬁgtfbﬁp{l %et%ﬁgﬂé Shia" Qiqd Pfoﬁfc‘raﬁﬁh ASem il ﬁE&Q&rs}Cl}ﬁﬂﬁlﬁﬂc
conpounds "or agents uce the differentiation of adi pose derived
stromdb celalignanByistasheim dhee heraatopcintic esganshie.s elewkenin gndi Lywekaapas);abreal cel | s
is intended the i t|f| [ i ns,
genes, and?&MEtH zglrgu %?émfogsdf)%g nﬂ%ﬁg@gﬁﬁgoﬁgﬂegﬁ% comﬂcplrlr(gﬁ?l& gﬁf
stromal cegbietic tdikoﬂie:p;arSuch uliserdetseinciinde butl arf fret hnmtatattcedxsasa wsulithe fermnaet hods

br ot ei ne. Btk ahiundioR eperAkbg e prd Bistiieh e i St A e
f | uor escentl aRb/daESintiading apraaioeanamsqp@endyto@emmgwmmytoamtthﬂonﬂbeﬁoﬂ»dmked

usi ng a seconda . . . . :
g 20 red cell a%lasm, Blackfan-Diamond syndrome, due to drugs, radiation, or infection,

idiopathic; hematopoietic malignancies including acute lymphoblastic (lymphocytic)
leukemia, chronic lymphocytic leukemia, acute myelogenous-leukemia, chronic myelogenous
leukemia, acute malignant myelosclerosis, multiple myeloma, polycythemia vera, agnogenic
myelometaplasia, Waldenstrom’s macroglobulinemia, Hodgkin's lymphoma, non-Hodgkin's
25  lymphoma; immunosuppression in patients with malignant, solid tumors inclading malignant
melanoma, carcinoma of the stomach, ovarian carcinoma, breast carcinoma, small cell ung
carcinoma, retinoblastoma, testicular carcinoma, glioblastoma, rhabdomyosarcoma,
neuroblastoma, Ewing's sarcoma, lymphomta; autoimmune diseases including rheurnatoid
arthritis, diabetes fype I, chronic hepatitis, multiple sclerosis, systemic lupus erythematosus;
30 genetic (congenital) disorders including anemias, familial aplastic, Fanconi's syndrome,
dihydrdfolate reductase deficiencies, formamino transferase deficiency, Lesch-Nyhan
syndrome, congenital dyserythropoietic syndrome I-IV, Chwachmann-Diamond syndrome,
dihydrofolate reductase deficiencies, formamino transferase deficiency, Lesch-Nyhan
15



fluorescent tag, including the use of flow cytonmetric nethods; (b)
detection of intracellular proteins by immunofluorescent t hods usi ng
protein specific nonoclonal antibodies |linked using a se@gﬁéﬁ?ﬁ

f I uor escentwoags29dmncl udi ng the use of flow cytonetric netraose1/(seds
detection 5 of cell genes by polynerase chain reaction, in situ
hybri di zation, and/or narthern bl ot analysjs. Partially, or termnally

di fferent | BPEEMCe PRSI HECTORYEPSIE 1cOPEPEY ﬂbptp‘ﬁféosmé:ﬁflm EattPRACCHPSISUr f ace
and i ntracgibilial 1 Hufti BReass)CPRExysARI ¢RI REmOBEATR, | TS Algiuéesed- t he

| i neage commtnment of the stromal cells to a particular termnal |
di f f er ent i pitheaphgtea dehydiagsnasenaanaptis 1102w PYIUHEP uigasep deficagmey:n 6pngentilt ed

Lo (2 f PSR befibvitys ARG, BRIl iie AT HARIGRE SR 2688Y o

such as flo ometry or”in sit | munost ai ni ng of "adi pose- rived
stronmal5 cginirsa,s met-hemogphirestins cougshitzls disotdatsi € phmupinat aevere ©mbinedCD

140, 0 Sk g ef BB PRSP0, KRBT Blol IARAL Bl

i munof | uogcastdesdt immmiddefiisersyc bomtsndd omwmunotiefividncy with iancapping dtmormality,

I munost ai ni ng . of adj pose fi.ssue-deri.ved st.r . cell I ng speci f.i c
TOnbCT onal PSROFG BhaEheTgEse AT TS A bR SRRy IR SR PP Tt e
recept or s, GhhbMOidtheatel &ERIsRES deaviihael defdienéys CEBEARN'ON sybldoale; refdular
detection of the expressjion_of lineage selective nRNAs such as .

ost eocd ci fyssrpsiR Gasenial Lajkerye dybmation pdimeg aadrothers sishetsRstsereeFin

|1 gand an%géxo BRSO PRAGRLC HeBM 178 t hd¥ii Al | AAGuifeAC iffnund RHKIGSNLE FREESLs and
growt h factor i)y net hods such 20 as pol ymerase chain reaction, in situ
hybri di zat diserders mdnsng erimary tor cecandanyy bingunodeficicgcie| bacigrial dnfections g@)e.,

Bl ood' 74: - 1.)1; -ce . D Nl d | h [ .der in
a wide vaflﬁe cf/]ﬁ%gs’ W}%%’%Er e éa%c@&s,nglg@g@& g%%tgc?sitn?égtﬁ ?I?)Sn %r%e p%?%fnl?’er al,
i nt raper i t beigmbanidsia), fiangehiofestions,ntisoatter imadlying gisplopationsin kytapbeip icelhbets and
intrasternal , .infra-articular, Jntra-synovial. intrat hecal .

it ra b ¢ o Bl iond hnc e ekl BHROT diporeh KR cmiesvignizous,

I ntraor bi t gironié NHranaloasetls adiseate) (Thediak-HigahiS gwdronte, neatrgphil adtinadeftdnay,,

vagi nal or urethral adnnistrati i ncl.udi ng via suppository, peycutaneous,
nasal - spr BRI oi GRS anCP 1Nt or SEIPCEGE gi CAPRIENT . SEAFGs | GHEBD. or
via cat hetﬁﬁeopbp,sﬁel%ﬂdema,odinm‘pido&da,e afeellanadd Chdordery aivelvad biler ed in
a slow release fornmulation such as a  direct tis ufgﬁii nj ecti on or bol us,

i npl ant, niReshepigme. Wiskott-Adsich Spmlsomae, alpha LpaimPEn defigiency$tianosphere. The

presence of the differentiated cells of the invention may be detected in a
subj ec20 by a VRisassy opfbathelogies Guelads Mengdsesperatbigr diseases. | hrpeledegencraliyegy

Cyt Omet i I Cgigehes\\Reihtd 22 atide Qisthsel spidR4corl Gl Aa@Gdifha or surgery, viral

infections that result in tissue, organ, or gland degeneration, and the like. Such

neurodegenerative diseases include bui are not limited to, AIDS dementia complex;
demyeliriating diseases, such as multiple sclerosis and acute transferase myelitis;
25  extrapyramidal and cerebellar disorders, such as lesions of the ecorticospinal system;
disorders of the basal ganglia or cerebellar disorders; hyperkinetic movement ﬂisorders, such
as Huntington's Chorea and senile chorea; drug- induced movement disorders, such as those
induced by drugs that block CNS dopamine receptors; hypokinetic movement disorders, such
as Parkinson's disease; progressive supra-nucleo palsy; structural lesions of the cerebellum;
30 spinocerebellar degenerations, such as spinal ataxia, Friedreich's ataxia, cérebellar cortical
degenerations, multiple systems degenerations (Mencel, Dejerine Thomas, Shi-Drager, and
Machado-Joseph), systermioc disorders, such as Rufsum's disease, abetalipoprotemia, ataxia,

telangiectasia; and mitochondrial multi-system disorder; demyelinating core disorders, such
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I mmunohi stochem cal, in situ hybridization, and/or other histologic or
cellular biologic techniques. See, for exanple, Kopen et al. 1999) Proc
Nati Acad Sci 96:10711-10716. These cells find use in redenSEBtMg t he
hemat opoi etw@ ossestlem of a host deficient in any class obchasmiepei etic
cells; a host that is diseased and can be treated by renoval of 5 bl ood
marrow, isolation of stemcells, and treatment with drugs or irradiation
prior to penEiilaselpTReiRt aculst trapsessecpsldis; MdodisRrfisry of dhg BT HHa Y B0t i c
cells; de | ' e lseyant I
self-rege%é%g%?%ﬁgagﬁﬁygkﬂﬁﬁgget%g%g%%ﬂgpQ%%ﬁ%%g&%fqticEm%@??ﬂﬁgkgghes and
assayi ng fderofisc infailesspimil ampstular t #iropkyreand p divenilec spinyle maserdart atraphy);

henat opoi gti.c. cel | f. ' ' |- e s . vaLi.ety of

i sor der s AeifeBs dbefi; DAy SYERLLET: whlle WA Thibk KhAPd, Ueoel SEUEY D

cells, 5et Dematie of lemtyertedy. typhe WemiksKorsaled! ceyhdromenychbmic sakcbhpbsmoyr eat  or

prevent |i I.nfection. Disqrders that. can be treated by.infusiqgn of the

G soi os ed CedataFfiko diseih SEPUE stplip Facgbol R Fletae st AFrRE 1 rom

failure ofn@DeMElHAMEEIRHCAOTSeB.0s fEBerkdvw ol ok; bds.) 1 38T CThie MleraloMantialf (53X | on

(i.e., aplastic anem.a and hypoproliferative stemcel] djsorders);

neopl ast i €4 MerpaidframRalgyaye Ndaehiph reference,and refergnass piteddheramsare gnfirely

| eukem a ﬁﬁquﬁﬁyﬁQﬂE§ﬁ§nﬁ&gﬁg_ spectrum mal i gnant solid tunors of

non- hemat opoietic origin; autoi mune conditions; and genetic disorders.

Such disor der sy RehddEnbdaither/tBe SRbost-HEHveq dells@aklbs B@BRGI sdkddangef foom a

failure or dysfunction of normal blood cel| production and maturation

hyper pr ol efmesstekogenascganet ef fo 1gpretsrthe pxprespige jof) rdegeneps gencs-c Ihaeserdgnce

pancyt openi:a,.: Y Li5; | - el kA,

Bl oot an. I8 SEB0HHRE HOTE 1 o R RNPRKE BRI Seei 6ok BhepE SRRl

i di opat hi éichiige ipogate) sichviiiat theamclemscidre inidiiwgd dta the deflmphetdonditions

(l'ynmphocytic) .leukema, chronjc | ocyti ¢ | elkem t nous-
%%tecfé@‘g‘ %dé]g%ega go Eﬁ:g eé;n%r& av:n}fnm e cell < THL ans gﬁ@%ﬁ* QI

| euken a, "B acute nal'ign cl erosi s,
mul tipbe BmtedsdARassetf) inchidinaartoding @oEmuclatdogmerdbly lingdtoonmitalyit aminmter.

WAl denstrgm s crqQgl obul.i nem a , ., Hodgkin's. | ho . hon- Hodgki n'.s, 25
yrphon: TR B R EOH U CTt g DT f HA PO RIOOEEBT Ao RVA

i ncl udi ng sHEnl dsGRAGe RIEA 3P @Hbozmad. CTRG e @bdihp golyheidtide cayafcbada gaiei nons,

breast carcinoma, small cell |un carci ponn, retinoblastona testicul ar
car ci noma CORFTBS fB% eXsmple, FesisbEH P GgF RO ROTIoRR (FRehIsREP BRSO Rt hngmenes,

sarcons, Y Re YBleasfis! QHBITUBE heHRRAS ASehdiEHidatdplic! IR ObHokifdstER hd S
di abetes type L chronic hépatitis, nultiple sclerosis, system c_|upus

er yt héfrat dderieros injefavking, peddgopiiokies), @i edlr aufase-perndy imtiaepilylen rigpsling
famlial 35 khy ok BHERLS é'%:éfl e O PloRL Gl SAMGE PPéimoti

defi ci enc%@gﬁ%%éﬁn%sm@é%mﬁl%ﬁé%gg%e e%ll cl engy,eBﬂl(_)eéc - Nyhan;i’J syonéltgoane,
congeni t algively §usage bff diffaicnidtion, o pnylotberdransget with krawymssavendi-anond syndr one,
di hydr of ol ate reductase deficiencies, formam no transferase deficiency,
Lesch- Nyhan 1FBhe epr&Eion2@8s¢tie containing the transgene should be incorporated into the

genetic vector suitable for delivering the transgene to the cell. Depending on the desired end
25  application, any such vector can be so employed to genetically modify the cells (e.g.,
plasmids, naked DNA, viruses such as adenovirus, adeno-associated virus, herpesvirus,
lentivirus, papillomavirus, retroviruses, etc.). Any method of constructing the desired
expression cassette within such vectors can be employed, many of which are well known in
the art, such as by direct cloning, homologous recombination, etc. The desired vector will
30 largely determine the method used to introduce the vector into the cells, which are generally
known in the art. Suitable techniques include protoplast fusion, calcium-phosphate

precipitation, gene gun, electroporation, and infection with viral vectors.
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WO 01/62901 PCTIUSO01/ 06106 syndrone, congenital spherocytosis, congenital
el liptocytosis, congenital stomatocytosis, congenital Rh null disease,
par oxysmal nocturnal henogl obi nuria, GOD (gl ucose-6- phhd3pSEh 004

dehydr ogenageyi/gaoi ants 1, 2, 3, pyruvate ki nase defi ci ercyusenmgmsni t al
erythropoietin sensitivity, deficiency, sickle cell disease and trait,

t hal assem a al pha, heta, .5 gamm, t - henogl obi nem a, copgenital .di sqorders
of immunity, sJP@rcéH%_G??B‘F er%:%d’é_ ’@i%ﬂ’gﬁm_ﬁ‘i’%@ _@X%%"ﬁ)tf&ﬁéﬂ”% of

| ynphocyt e;gydheloeringd, SRIRIREF But'1R6 RRASA 6SthoABdRhNBEed RRIRAGH ipaicRiR Gid

conbi ned i mMmunodeficiency wth a cappi ng apnornal i tiifé nucl eosi de

phosphor y| pibécatiges Fitiddn &ie Bepkamurdehthe myention (aeindiae ahePatqnh Nah 5408, 741
agr anul ocytas &z Sr?r’e% %@&icé? gsaffé%%magﬁegaé fen 98 30 AR IEiRA %S AT 8 EMent

Kost mann' s syndrome, reticu dysgenesi's, congenital Leukocyte
dysf unci i oNo,s§.A89,6FesYacanidl ebtahe(19/33(28P0)aBasowmnmdofiswie sRegengyetiass Masressi s,

acquired 'pemolLyig,. n as e j gdef .Gl i b4 '
G Sor dor s Lottty GERRER Ao AU o IMRG S PAERE 3750520, KAtk
i nf ecti onsal( @&/398) THAecDBkenemins , Fibrosd SeagfoldContaiieg dibdril Cellk &pr Fsoducing

parasitic [nfections (e.g.. malaria, ei l.asi s) ,. | nfections,

di sorders FWFW#QENQ@HE%B?%‘&E%W I&?rpiﬂﬁ?f%éel F‘C%‘Et @@2@3 P@I?“ﬁ%gﬁlﬁ?ed

i mmune f uncélisomizkabiee Th Gmefinbtotepi@ATISHE Fofl Ifslidiaion; U.Ka%tdiBNa. S,736,372,

agr anul ocytosi s, ' ul omat ous _di sease, Chedi ak-Hi gachi syndroneg,

chronic gran )
neut r opthi | Vegepit retodds (#7/E@8k %ﬂwde&ré'delr% pHTHhelfe Fgbmadc dpbreat Muri & anpging

met abol i ¢ &} QLAGSIFSL %R Sivo PRIGRRGE YOPG CORMBARRS Sirbhes)| UL dRsss No.
m scel | aneous disorders involving i nmine nechanisns, Wskott-Aldrich

Syndrone, &BYhL81Vasantieyds(S/ B ilipluntn OpCd-Mpoimityetiseddjacenpiiesesienyi es
i ncl ude “65519,%@9%}%555&%9,”%&99&%,Pate&m%ﬂ?ﬂﬁ ney, ‘Va'c%ﬁit ertgl}j 3G3968) Three:

nephr odegenerati ve = di sease, spinal cord injury, 'hea or ‘surgery,
viral i nfBbdneinsaltAiaous Seffold Gontainingsdwncheat Gals Foo Prafueing Vdegnizedlsm, and

the like. Suc) r rati dikseases, inc up_are.not Jdinmted to,
Al DS di‘ﬁenﬁ’i ?Vé’bﬁg-geg’%%gﬁﬁyﬁ’ﬁoﬁﬁ? i r}éacﬁll%sg%ggsé,ﬁy%ggcsﬁ %rgp b g??"l & eh' L erosi s
and acut e Dinansibes Tk oy §daffoldor 2naehteg Gglilsr BonPrddkce Tanelareed Wskdealn Vivo;

di sorders,_such as_ | esj of, the ecortic |.qal..system . disorders qof the
basal gangpiSSaPﬁtremc@?'eiJéﬁ’g{’r‘*’ E‘J’u"éu 1 §;etﬂym%e%%e P Pfﬁ’(’ﬂé’r‘fﬁrﬁsy %4"-? rs,
such as Hogt PhRkeR: SolufHOTIRR GRIRG 80k US. PhIeASNs. 50516532, Adudeesl. (PMaImnt

di sorders,_ such_ as those induced by drugs that bl ock CNS dopam ne

r ecept or s; Ifegisdla Nerlrensgerie ferideacotueb@e Rgrdtations UsRr kated - o-8apSthse;
progregsi Ve, %H’ﬂreﬁéﬂgﬁ}j/@g) Bakindbring (OS5 ons, BlidbRSTiNSs; U S PRert MBIk 458, 30
spi nocer ebefl ar degenerations, such as C;pl nal ‘ataxia, Friedrelch's _ataxia,
cer ebel | ar Vewnti ict al- (8/3¢/8bneastarpivsenasin| Qfi Garslagg dn &ine Gogeref &ultgies Udvencel |
Dej erine T, SRlop Py 1%t AREH3H00)) 05ERE) DevRibphEl B Supgby Byder S,
such as.Ru @%@ﬂsrgo' g’:o%?;sé,ev%cbagl?a i po r%?e ia, at ax‘lwg,? t el angi gpcéygsi ; and
m t ochondr HedrogaHQell- Gyapogitiods; SO.8d @rtenidNoy 6127 AT, r'Mpcantio pleald i(¥86/0@r Sissuguch 16
Engineered Tendons And Ligament; U.S. Patent No. 5,536,656, Kemp et al. (7/16/96)
25  Preparation Of Tissue Equivalents By Contraction Of A Collagen Gel Layered On A
Collagen Gel; U.S. Patent No. 5,144,016, Skjak-Brack et al. (9/1/92) Alginate Gels; U.S.
Patent No. 5,944,754, Vacanti (8/31/99) Tissue Re-Surfacing With Hydrogel-Cell
Compositions; U.S. Patent No. 5,723,331, Tubo et al. (3/3/98) Methods And Compositions
For The Repair Of Articular Cartilage Defects In Mammals; U.S. Patent No. 6,143,501,
30  Sittinger et al. (11/7/00) Artificial Tissues, Methods For The Production And The Use

Thereof-

The present invention now will be described more fully by the following examples.

This invention may, however, be embodied in many different forms and should not be
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WO 01/62901 2 7 SEP 2004 PCT/ USOL/ 06106 as nmultiple sclerosis, acute

transverse nyelitis; and disorders of the notor unit, suc@TangQQMrogenlc

nmuscul ar atrophies (anterior horn cell degeneration, such as amyotrophic

| ateral sovepuePd, infantile spinal nuscul ar atrophy andCiriigesfielos spi na

muscul ar atrophy); Alzheinmer's disease; Down's Syndrone in m ddl e age;

D ffuse Lewy body disease; Senile 5 Denetia. of Le ﬁgd type;

VIer ni cke- kesEasbns LiEyjtadi i ke erapadipenés sat domtybpein rathsre %W%fmfﬁ%{ﬁ%ﬂw

di sease; SHhagH I dridScontpBid, @hd ATl EmIySERivéy tHeSease;

and Denen? ué?fﬁgsﬁgg%k%&negﬁﬁqgﬁﬁﬁhaﬁbm1et al ., (eds.) (1987¥ The

Mer ck NhnmamﬁOfﬁﬁbmwﬂmédnﬂﬂﬁwﬁﬁ@ﬁl&ﬁﬁﬂGb Rahway, NJ, which reference, and

references cited therein, are entirely |ncorporated herei n by reference.

10 I n anot her enbodi ment, the adi pose-derived cells can be genetically

nodified, e.g., to express exogenggg gﬁggg or to repress the expression of

endogenous genes. | n accordance W nbodi nent, the cell is exposed

to a gene transfer vector conprising a nucleic acid including a transgene,

such that the nucleic acid is introduced into the cell under conditions

appropriate for the transgene to be expressed within the cell. The

transgéne B $opais axirrentd =~-,mw@DmmﬁﬂShﬂﬂmgiﬂEcodlng

polynucleotlde operably linked to a SU|tabIe pronoter. The coding

polynuct eot | deshaf cade, SoRia Sl nhar hiifA0 RARGRNGA! OUEALIAC! | Ve
RNA, suc TSene or a ri oz me. e co ol ynucl eot i de

can encodele@ng&hm U ipfatent aWaﬁer%é@rﬁ@?,eFllﬂdebnmﬂ@e 19529 ﬁhﬂt ontitents af

hor nbne (sych as 0 nes, sex
hornnnes( HgPﬁ%Téﬁaﬁi F%mﬁ%rﬁgﬂggg F@%ﬁﬁ%@m&ﬁ%ﬁ%é@ﬂgg ﬁ%ﬂﬁ?%rons,
i nt er: eukidasribeditbve. :ﬁmﬂgmulmlaa)péeﬁmpe@tés \&Tﬂ% ﬁmwedbﬁmml ddlpniertaasnml terosed
signalin noi e such as cell-a si on ecul es .a

ol 0t oy TRooHeR HEFES HHeOiE 158 G et PREPE e ot SORARGE Bifer
transgene b @Ml PRSP REE (19 @em&ewr@ﬁ CRES€psEtes ORIt Bigorhdie
transgene shoul d be incorporate

into the genetjc vector, SUIE@%| tagor
del i ver i ngaschler fieelipsigurre Teispandedc ME%[Q@E}HI%O%:‘bI 0tsa
applicati %vm@@é(mﬁug*% &E&{(%b%x@&t,%ﬁd %H@A:W&%H%lﬁ&l"&tzmbwnmém fy the

cells (e.g., asni ds vi'ruses such as adenovi rus, .
adeno- ass ceacpbacifehb wells.of 2 Saretiadare £158 pl/vreliht The gells wersdhen plassd ¥ # 32%C 5%

retrovjru t lLC Hﬁn? ﬂﬂkn’ on
casset]tse ﬁw%%gto%%n vect orrédq%glnq{;' % m ,ﬂggre 0 t(?v\%ﬁsch ar%EIH{vr\gsISilgf known
in the ardperisdalf upstoby dalysrﬁ)ﬂbwmgomtlalgplaﬂmgmcg@&)ms hagseind by dnipon/EiAe.  The
desired vector wll 3 =r11ne t he met hod used to introduce the
vect or i ntoESFHRE RUST [ cgﬁ'%ﬁ?tgﬁ %(il%ﬁ% 1

efierally known in the art. Suitable

t echni ques include pr | ast S| 0 cal ci p p n,
gene gun, elec r&&i‘*’i%% e ‘iij &L sl Pl v.ha?il &g{ggt il %h’%&’%h‘?
' differentiation based on a bone marrow repopulatlon assay. Immunodeﬁment SCID or

20 pude/beige mice are lethally irradiated with 11 Gy of <y-irradiation in a split dose and
maintained on a diet of acidified water and autoclaved food. Hematopoietic cells from the
bone marrow the same animals are isolated at quantities of approximately 107 cells per
transplant Hematopoietic cells of murine origin (107 bone marrow derived cells) or stromal
cell human origin (10° adipose derived cells) are introduced into the mice 16 hours following

25  the lethal irradiation by injection through the tail vein or retro-orbital vein. Alternatively, the
human- stromal -cells are mixed with the murine hematopoietic cells at a ratio of.
approximately 1:10 prior fo transplantation into a sublethally irradiated host animal to
determine a competitive repopulation assay. Animals are transfused under methoxyflurane

anesthesia, Six to twelve weeks following transplantation, blood is collected from the
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17 WO 01/62901 2 1 SEP 2004 PCT/ USCL1/ 06106 The cel |l s descri bed herein can
be used in combination with any known technique of tissue _engineering,
including but not linmted to those technol ogi es descri bed2i’nSpAt284t s and
publ i cati on®0®#/6290t i n t he Background of the Invention (i mEJgprgsIed. S,

Pat ent Nos. 5, 902 741 and 5,863,531 to Advanced Ti ssue Sci ences, Inc.) as

O o o et 5 it o 0L bbb Sa8 eS8 Bl
Free For mafigetics adrlheﬂlaﬁeerhﬁtbﬂﬂafs celvnﬁ:kelféaahaﬁamggq;ut &tﬂﬁﬂtaﬂaa,,'rhyalcanéen et

al . (6/2/ 983}]@?{?82293?32{?? Si Oqsefﬂ g@lﬁ)ro ﬁa%): fgglggaé(er nt ai M&I&ﬁt d%]808| S
For Produé¥ i > 7 5
Vacanti, y 9 ﬁﬁé‘g@mbtal héra Paﬁfaa@eféum nﬁﬁpﬁeﬁw%&%lmem Ti ssue
For | rrpl ant ak:ci}oni}])mLJEéiJé ﬁig 736,372, 10 Vgcantl et al. (4/ 7/398)

Bi odegfadatizie isdsemined I:uosuw%@rr sradiqs Bensaaay pRd siiem GO TR BN PEc y t
For In Vi t td

5, 804, 178&@5%%%{? g‘“%cf;& ?éﬁtﬁé%‘%ﬁ%’r%p%g%% { B iglechie bormopdelinebls, |
Adj acent Wbsenstedips uuﬁxfemethyicell)losﬁemloluhéeﬁwﬁssme, Cdlss arsPanadyred Nesings, 770,

417, Vacanti 6 %{*@?ﬂ e Scaffold
Cont ai ni ngﬁ Iﬂﬁr%%%%‘%b ref—cort hﬂo Ug(l)r% as%g zegg#?'ssue 15 In Vivo;

U.S. Patent No. 5,770, 193, Vacantl et al. (6/ 23/ 98) Preparation of Three-
D nensi onal Fi brous Scaffold For Attaching Cells To Produce Vascul ari zed

Ti SeudOFoBat | BHRES RTATA Fo wdafridpg Rilmar bioced e Wbl b °Vi U0

U. S. Pat endiphie-defvéll&rdddl celitisdlatedin atitro @Eoitﬁﬂ@ﬁjt helmtbﬁsaiako&béb above.

Im*runogem C rt| | age And Bone Prepa atlon 2, 8 610, 20
Vacanti etfbgFe Sﬂq@%@@?atmﬂ@éﬂq{% 8&3“?&953@[3 a?%%n Pat ent
No. 5,041 uilfiﬂmsMV giuc&E) ﬁlema(&haﬁﬁ@gllo%e@fmrbemleeﬁm $%chhiaarelmﬂrﬁge I'n
Vivo From Cel | tur 027, 744, Vacanti et

(2/ 22/ 00) e@ﬂcaeaadB@t}b‘peffnenﬁﬁnoceﬂswﬁepbwe@d by frapsiyfED Téeﬂlﬂ%@ﬁ?r%&?g{ {9 ons;

@0[!}1%]}}13]131?1 Vacanti et al. (9/26/00) Tissue Engineered
Tendons A%e%&ggnent U.S. "Patent No. 5,536,656, Kenp et al. (7/16/96) 25

Preparation O t yer ed
A Col | agen ey B st RLRRYXOPYuiEhlY b bidlopier® GRAGIANACR ki

(9/1/92) Abliyiwing kgicdbss; chemetheraps tog gryoRkssergedoign fiterg uss/gctha event of an Aoty

5 723, 331 meiac el by et g S ARRI GO IGREBRL SRR ook Sro Bl thiole
Articul ar r@anent Mgthemfaacauwldgnud\mrmﬂag@em \Wragspldpgetions follpwing adyl@ves0such 39

ilnfjt ll' er %eé?pgé(f]i/nzr/agot)mn%gt SeVert 1$|comp§o%!d§e§ ’borl\l/g Enrl%g‘ﬁr ﬂi&@uolqu Bﬁ&%& tion

competence. Stromal stem cells are marked with a fluorescent label to allow the physician to

follow their fate following transplantation. Evidence of accelerated bone marrow recovery is

monitored based on detection of newly synthesized hematopoietic cells (lymphoid cells,

myeloid cells, erythroid cells, and platelets) in the peripheral blood stream based on flow
25  cytometric methods.

Example 2 — Astroglial Commitment by Human Adipose Tissue-Derived Stromal Cells

- Al Stroma) cells are isolated from human adipose tissue according to the methods
described above. The cells are cultured as primary cultures for a period of up to 5 days
following initial plating in 2 medium composed of, but not limited to, DMEM (high glucose)

30 media containing 10% fetal bovine serum, 5% chick embryo extract, and antibiotics at 37° C.

Cells are harvested by trypsin/EDTA di gestion prior to differentiation/implantation.
20



The present invention now will be described nore fully by the follow ng
exanples. This invention may, however, be enbodied in nmany different forns
and shoul d not be 18 2 7 SEP 2004 WD 01/62901 PCT/ USOL/ G188 @M st rued as
limted towaeteatodi nents set forth herein; rather, the®eTasiggiagents are
provi ded so that this discl osure wi Il be thorough and conplete, and wll

fully convey the_scope of %FQ venthn to those sgllled Ip.the art.
EXAMPLES ' 5 Et&Hpee tansplppd %?) SctoptEal TERioHs YRR © gient mice or

Ti ssue- Derxlat\ée@hud&bélgéra} SEB) Infoedr nRld Af¥Bre SRk & & §&heatcﬁﬁnﬁér%@wwn
adi pose tissue according to the methods described in U S patent

appl i cat i dileigme 40, @yeen; Faiuﬁﬂzfm&azﬁuawa@gi byggamuysgelac Shecian 9f cﬁmg/lm |0§h are
i ncor por at,gg, by &%B@ﬁ%@%\%ket@xﬂﬂleu Hﬁ&ﬁ?ﬁ@%@bgﬂa Gitth 98 rdtid %@

medi um as escri Bri ef man pr ea | pocytes wer at ed from
adi posé t i dendiele rm\Zetd-Silomb;wmmp m@ﬁelm thessgaly @rmymdeateral i the) bregma. he\ burr

0oy e o e SRR 1o B i B LT AfRARGI UHIET) AN

were res u&ﬁﬁﬁu Eﬁhpeﬁsldﬁl\&MOOQ beliyhpeg lul)amstgc)céadmtbvdymelt aaB(lhgmgotlelﬂ&ﬁoﬂdhggge bovi ne
5% enbryo rac I

ol 0] ol 1Siael g SRl off e il b T g SR by T8 ol R Syfieibiss W

cel I's wer ghé hemaRfatRebdifr £ ?&B‘%@fﬁﬁ@i@% lmﬂamreumaﬂz@d hyomBgoak@a set tl e
overnight. The cells are cultured as primary cultures for, a period of up

to 5 diys meepsienicligving deen anpithesiayth ©dpriae apdkelnpestsds 9 colflr%.w EDTA
di gesti on yikRA P&aﬂhﬁ&l&éh%ﬂé' atd Qhd q@"/@%ﬁ@&)éeon Thi AP dird Ax8mined by

ti ssue-derive rona | s are tested for hematopoietic differentiation
based on amemehistashemistryapd fusizihybudization &y the nrﬁﬁ&mﬁabmmg@nmarm w@r 20
nude/ bei g

split dos:ﬁ%%&%%g ‘ﬁ%’lﬁ %ggﬁo#%hg%g%ea%ggam \/\/<aet9{:aeré(f ag'%lg%: aved food

Hemat opoi etifferengiatibg dudomigrdiien ibcletermiaed dw ﬂhheai:@mmh arModificatiense visglcell ed at

quant| nmat e 107 ceIIs er spI n letic..cells
of rrur Slﬁl?eﬁ]ﬂg %p%cﬁi’?reﬁceﬁ%x 3F SHEHS P %ané| fﬁ:) ceﬁs (I’r}ﬁrra 81%3 & Kithan
origin (1%aaggem%ﬁxmohsdede¢el | s) are int roduced | nt o the mice 16 hours
following 25 the lethal irradiation by injection through the tail vein or
retro-orbital vein. Alternatively, the human- stronmal -cells are m xed
with the nurine hematopoietic cells at a ratio of- approximtely 1:10

prior to tm.ansptemhibtslienare Hiotatal ﬁﬁmbhlﬁhdmabdxyosb rifseuti adcedinpoett arn tndivdtival O
determ ne Sy BomLeNes SRRRLAL Lon 255, LIS RhE LEanaiueed under
bl ood 3¢5 Gglleandirsls ieRbéddove, The cells are cultured as primary cultures for a period of up
to 5 days following initial plating in a medium composed of, but not limited to, DMEM (high
glucose) media containing 10% fetal bovine serum, 5% chick embryo extract, and antibiotics
at 37° C. Cells are harvested by trypsin/EDTA digestion prior to differentiation/implantation.

Stromal cells will be introduced into the ceniral nervous system of a patient following

25  a life-threatening and/or debilitating central nervous system disorder or disease, such as a
craniovascular accident (stroke), Parkinson’s disease, or Alzheimer’s disease. Cells are
infused into the striatum of the affected area of the brain using a neurosurgical approach.
Wherever possible, radiologically guided, minimally invasive methods are used. Cognitive

_ and metabolic function of the central nervous system are followed after the surgery to
30  document improvements secondary to transplantation. Cells are genelically engineered with
genes encoding enzymes designed to improve CNS function, such as dopamine metabolic

enzymes in the case of Parkinson’s disease, are used as appropriate to particular disorders.
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Into t
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transpioantat'Ofbeuéaie'%éaeg%gym@wow {5ea8n SReP NCARLSE AR AL AT 2t 1 o

t hat severely conprom ses I mmune
St romal st@stiscad Itbenapletcdmnkmﬂumulmapfabuoos@sttﬂﬂ codtebelitht @1%l étm]e tgahatin

physi cian t e.foll. n tlon n

accel er at €8 9%8 dr?g? PIS\% ‘@ g Tgpi %%%?8{‘5 Egg?gs 3[“5{:‘1‘&% Ec[g?gnew y
synt hesi zetigdstiom tagd aritatdtion qﬁiol- S0 (dnsfmhauah/mqﬂdnsauonnyeblm greCiedrdstededsyhhr oi d
cells, and platelets).in ti\e g)er' heral bl chﬁﬁ%tre m based on flow 25
cytonetri @“?P@Pﬂ%é“ gedl apd cellylympspgether 15 tnlitam Asésg o

Ti ssuetrdDertavedolohica @bntisehd Sulturof dishty BiMBhokle! &F B A1l i0F Qheltudf chisRip Wiran

adi pose tissue accordlng to the nethods described above. The cells are

cul tured d2MBEM (el swapsey mediarviith hme glotoming blﬁﬁwtbeuepmwe oppiaingg HY:
initial plabifildseAm BB HBWEBIRAKSER] and®iclddSie bobls u&, E}}@)ﬂr éf*magh

gl ucose) 30 nedia containing 10% f etal bovi ne serum
extract, aneH calpdire piataiped for2 days, @elﬂgswmtemnap@bmahy fqrmy p’sﬂaxsltEBTA

di gestion 19&11191(1 1§ %pﬂﬁédf\?ﬁl? ﬂxte'oﬁtgfnglnéohgpll xﬁaﬁ% Adrer %9 additional 2 days in culture

20 {day 4 after passage), the cells are fed with control medium supplemented with all-trans
retinoic acid at concentrations of between 10° M to 10 M, most preferably at 5 X 107 M.

The cells are maintained in the all trans retinoic acid supplemented medium on day 6. On
‘day 8 after passage, the cells are ready for evaluation and use in the treatment of a spinal or

peripheral nervous system travmatic injury model.

25 In vitro evaluation of tlie cells is performed by passing the cells from the
bacteriological culture dish to standard tissne culture dishes to provide a subsirate for
attachment. Cells are allowed to adhere to the plastic and evaluated based on their
morphology, consistent with a neuronal differentiation profile, and on their expression of
neuronal associated proteins, including but not limited to, class I beta-tubulin, the M subunit

30  of neurofiliments, tyrosine hydroxylase, gluatmate receptor subunits of the GluR1-4 and
GluR6 classes, glial fibrillary acidic protein, myelin basic protein, and brain factor 1 (Bain ef
al. (1995) Develop. Biol. 168:342-357).
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WO 01/62901 2 7 SEP 2004 PCTI USO1/ 06106 Cells are transplanted into the
central nervous system of imrunodeficient mce or rats. Nude/beige or SCID
mce or nude rats are anesthetized in a seal ed chanber usi2nfy S8% 2kl ot hane
I n oxygen; w@esbitesi a i s mai ntai ned by intranuscul ar i nj @CTUSH/aR06

6nmg/ kg' of xyl ozine and 60 ng/ kg of ketam ne. The aninmals are transferred
to a sterotaxic apparatus in a 5 cleap field. A 2- I nci sjon.is nade

! 2-10-5-
in the scal p 2w grapaionad hecelly isppriormed b5 rnsplping q?es C%W‘?gﬁtef H° pone 3
nm | at er alypd Qidiembr SR auld R edRBhRhtatly indhced ARRRGX bitBdldovd LQioh lid rat9f cel |

"~ suspension (10,000 cells per Al) is injected slowy over a 30-m nute period

into the @®aDoaldr . Q9B PYaRwreiMel (o4 oiiehe Thefomsle winal werdoiniiyi. The
wound is sy iﬁﬂorﬁéif?%&'rﬁé%%-l@hﬁc&gﬂem EoJrg.géJaesvﬁg ) aqonﬁar%]gﬁ ok i i 0 10

weeks. Ani rraé[és are euthanized by Intracardia 10 perfusion f owi ng deep
anest hési aliamdtér faling 25 man. 40ui theatririlayeatienthis injury caslipost sspaderivedstrgyudlicell ed
par af or mal dehyde, ,and 1t 8o r . L NS, ar e.. .
i munohi Stagg;%%]ess {aP k}mmértlr.l‘!lgeq}( %85 Fff%iéf ﬁrg?zareaflsd]ﬂ_gz}lgetdib%ﬁh E gt#&t %ﬁ?%@ﬁ%‘é@%@%umn
gene mar kenjget{ofl systerhrigtg henyimasfihethpraeis spinal cofd igjetyl Shameageted paxtiols ae

mar kers. Evj depce_ of human cell suryvival, differentiat.ion, an 1 gration
' det er miPBED AT SRR SRR e, lop 1o SIRY - BEFIES oRBe SR wi ¢ h
f 1 uor escentanshiffiatn, SeNRELGe ENspeie By ¢io iﬂgﬁkg?ﬁ p&vét irgection. | MipkRas at i on
with viral agents can be considered. B._Stroma D(égal}ql are isolated from

huran ¥Xi pedler fmstineis seewed bagd on BhBrserPorbudieesatn beromoly RajreSeyeus or -
al I ogenei ggtﬁdaengcgfo?lgggg%bﬁﬁeﬂda feumbwhghmmﬁﬁﬁa:moeanw%@du%ﬁﬂ BRpAhg 20 to

t he net ho above. The cells are cultured as pri maré cultures for
a period dhe upcovery betwasts strerpalogilh dranspianted| ang| shaph grerated spedplam AdnBsed

bovi ne. ser i b &, 48 s I etk aplar R lTRRGT RO MO0 SR %0 o

har vest ed Higtologicathys fonfeildéncedofglestanontipnse erorhal adll§ heer dattdteslt baserd ionphk affzat i on.

Stro cells,.will,be int d~i.nt.0. t he .central ner .syst.em,of
Sut o5 § Setigth ot o Bl ARNA T o ietehBau R A mnliRR P ARt ey, o
nervous sygligedendiosotedptcifiy madikesameh as buhnétsexalusivelp) aleamnatbarpoiaosid epl

(stroke), Parkinson's disease, or Al zheinmer's di.sease. |1 s ar i nf.used
i o the SERF AURPLAPCHECER rsteetp SREHC AR SBP‘%\iaﬁS‘E}EiIf?’S A B cal
approach. fpfierexsdic prssh, GRAP, adi eahicsath Yis, Gt d6itexcisivEiRhduror-§péaisicve

net hods are used. Cognitive. and netabolic_function of the central nervous
syst em ar eaUelsp IEW@HL&P r Colpsalizatioquphthe 4iu MF:PEPW&"B wakeondar y

to trapsplapiaf 1Ridef drSndha B8 BfkténBhilon. €ngi neered with genes encoding
enzynmes designed to I nmprove CNS function, such as dopam ne netabolic

enzymes in fj.he ﬁﬂ%ﬁﬁﬁ?él%?ﬁé Kb1E8RGip o RER Wrivel BoRSER IR BreRAMLEP hd SrirarlO
articul ar disorders.
P cultures for a period of up to 5 days following initial plating in 2 medium composed of, but

not limited to, DMEM (high glucose) media containing 10% fetal bovine serum, 5% chick
embryo exiract, and antibiotics at 37° C. Cells are harvested by trypsin/EDTA. digestion prior

25  to differentiation/implantation.

Human adipose tissue-derived stromal cells are tested for meuronal differentiation
based on in vitro assays. Human adipose tissue-derived stromal cells are cultured at
concentrations of 8,000 cells/cm® for 24 hours in DMEM supplemented with 20% fetal
bovine serum and antibiotics. The cells are then treated with antioxidants such as BHA at

30 concentrations of 20 uM to 200 pM in DMEM with 0% fetal bovine serum for periods of 5
hours o 5 days. Cells are fixed and examined for the expression of neuronal differentiation
by (a) morphological criteria; (b) immunohistochemical, immunofluorescent or flow

cytometric criteria; (¢) immunoblot criteria; and/or (d) polymerase chain reaction or northern
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Wc) 01/62901 2 7 SEP 2004 PCTIUSO /06106 Exanple 3. Neuronal Comm tnent
by Human Adi pose Tissue-Derived Stromal Cells: |nproved Regil%@?[ﬁ
Functional Recovery in a Traumatic Nervous System | njury. r zel | s are
i sol at ed f rgtnther¥en adi pose tissue accordi ng of an indi virdgalsor/ggadsi ent for
aut ol ogous or allogeneic transplantation to a histoconpatible recipient
accordi ng t o t.he t hods scri hed above. .The.cells .are_cul.tured, as

o ry g PRyt 5 SeelRRAS ol b Sy S Srayor ff £ AR ng | n
a medi um cRNRMSE theGfonald wiarked: WéulN, t WE-M,ONSEMEbdtiohiah kol Weiag Cantibbdl ar Wi t h
1mM gl ut am_ne but w thout %uiggl%e,, cont ai H{rﬁ%? 10% f.etal bovine_  serum 10%
newbor n- caTiEowiEleqide TPt Vgwhalpgiciettens of SptisHop daglidsethn ABiation 06

units/ m  olnhRseRhRipbiBN b8 botyywitR G dbraiots, PrdcRidei 8 @tendénCleadiflg 10 Cel |'s
are harvested by trypsi nfEDTA™ digestion prior to

di f f er ént i EeWBEPReH %Wffaﬂémﬁﬁk’%gﬂ?x@ﬁ@bqsh&ﬁ apiligit efosueih cellssis \genr e rod e
plastic s t ' Y L i g . re
har vest ed qg%%ﬁg&r%g%ﬁgf%ﬁvawﬁ EO%%Sgeg(Be%E)tg “8@%&%%5%{‘ Snrﬁlgéﬁgﬁ’ a%%e%]]i@ té

di gest i on expugsstredeptornandomptale ystemsdor kiiofvhapwpirinamitiers) such laathe ghitamte.Cel | s are
harvested as a suspension, with single cell and cell clunps together.
Cells are aliquoted to 100mm di aneter 15 bacteri ol ogical (nontissue
culture) dishes in_a volune of 10 m _of nedium consisting of DVEM (high
gl ucose) rEEGREOMN ovtedrammitmend by Bumay pgse Mespenlleriged strmal Call g 10%
fetal bovine serum 10% newborn calf serum and nucl eosi de stocks (control
medi un) . The  §fbhal bl U4r8 Sisdited TR hamAe ddiphR ' tisdudl ¥cordifld!td MR \Whifods t 1 me
cell aggregates form at this tinme, mnediumis replaced with the original
contr ol qiked ins Pgthogs end Gowmpesitian for hayliarentiation efrféumpay Praadipacyis inde
passage), ool 8,11 ' : [ ] -trans
retinoic é%:%%%c%?J c%ﬁ?gﬁﬁggi%gb’ggg@% @g“é“w&g gi%ﬁfgidlg % 'ﬁfm%l{sﬁ? atfbns

pr ef er abl yisted aBovg. The cellyare cilfured @b pamanyeultcnions patbdiaf up S ditys follewisg

ti noi | ' : d . . th
Lot 2L 54 PR SRR TR, AP ey 1o PAENPOA RERS R | e
p;arj[ ﬁher a:clonmn'. Vi (14 u@‘y.fsﬁetaﬂ bgvigas mnn,tﬁ.%c}hi:ﬂ%] eml;tymrmcteabl I ft, and ﬁﬁibidnics/ﬁt?‘fbpe?@ngat : on
(0] cell. | er r ; J Nnag. e e .0m t.ne cterl ol ogl ca
OUr t s G v Bt TR e larh R fafdtoh BRer S e P RSk b 1 o T or
ttachment. Cells - | | to ad the plasti | uat ed based
o e o et RGNS bR e hilh Biad ol S r R SRR o
T o O e ook Gkt ol il ggal 1 ot
tyrosi ne HyEFEE siEeene Sﬁ%@m&% ﬁ%&%_ﬁr’%@%ﬁﬁ {2%0%31‘?1)@??@6 EfpRiantatag
GLuR6G  cl a6 @Bseaddlli Abush I1RES: | 1timkivs aﬁp&bﬂchpmtﬁ Shuldtg lanh B@SiKEatRMAirehe, and

op.

brain factor 1 (Bain et al. (1995) Deve iol. 168: 342-3573.
20  proliferative capacity of tetraploid and octaploid hepatocytes. Am J Pathol 157:1963-1974].

These animals exhibit a progressive degeneration of the liver. The stromal cells are

asiot

introduced into the animal model by transplantation into the spleen, intraperitoneal, and/or
intravenous infusion. Representative animals from control or experimental groups are
sacrificed at intervals over 2 4 month time course. Evidence of liver regeneration will be
25 assessed based on histologic and molecular biological analyses of the liver tissue.
Immunohistochemical and molecular biological (Alu staining) methods will document the

presence of human cells in the regenerated liver.

B. Stromal cells will be isolated from human adipose tissue according of an individual
30 patient for autologous or allogeneic transplantation to a histocompatible recipient according

to the methods described in “Methods and Composition for the Differentiation of Human
24



22 2 7 SEP W WO 01/62901 PCTI USO1106106 1In vivo evaluation of the cells
is performed by transplanting the cell aggregates into the syrl nx that
forns around an experimental ly i nduced thoracic spinal cord i 8EPAM4 n rats
(McDonal d ewoals29011999) Nature Med. 5(12):1410-1412). Therdrmsoredios spi nal
cord injury nodel (thoracic vertebra 9-10) is created in Long Evans rats

10 d 2. th d
attor the RS ieE re bR 2Bl Pt slob Badialng 1
(appr oxi N &hydifeniBnsBiddabod, ETHe calSRE ailinRA abyrilfyRenired or & b&EbddTup to

m crostereotaxic injection _systeminto the syrinx of the thoraci c spi nal
cord i nj uyd aysmwa@eaabﬂa%mr%mgdlaméomp?ﬁeé@f ayt ppteliited tagdMEM &ieh vol une

of nedia ?hflﬂ& Eﬂa&afcelé g 1%@9&%!:&%@&&@%%3&1@&&% SNPdet, aRH Aol F AL S

receive ¢ ospori ne revent re ect| on. Hindlinb 10
mot or Buncti 8 i €. ass@@#edwﬂhséel éﬁﬁwﬁﬁ@d B é— Bdigesian h mot oéonot or

Rat i ng Scadlgf?ered tzéxpﬁn Mdogver a 6 week peri od follow ng transplantation to
al I ow func |ona nﬁgrl son of the recovery bet ween stromal cell

transpl anted a h I e udy (6
weeks), ani nal ggaﬁga%g%r .%%E‘gmﬁﬁ St? @tlet?é*sag?%%g%e oﬁ? s‘?‘[’ﬁ‘%’g‘} ?:f:&f ly for
evi dence qhtidnt BﬁfbrﬁQlﬁpﬂB&gSﬂ&Iﬂ%thb@smroé ankedrigit,esdedndaydo malmzlfemdnu 15

det ection of. the di ff entiatio is t erm ned, hy
ant | body OB ARFSHPTorF BPIRoHERMPSCTRE s BRI HashRer SRRl S o
excl usliov elpyininR0¢ ARABe uRihioas Wild 5 Gsedab |1mp1§1ﬁrtﬁe pemad WCalls éaﬁuﬁmylengﬁéérécDCyt e
specific markers such as, but not.exclusively, fibrillary acidic
prot ein, @@Pgenéﬁanﬁ%d&’%ﬁ&F}'%cges%‘e Hﬂltlmﬁﬁ%vee%?%%v‘gp uPrSeheti fic
nucl ear pry ﬁﬁbﬁhtewcuﬁphﬁ&agﬂszatl on of the Alu DNA wit h differentiation
specific rkers 0 is taken as evidence of stromal cell differentiation.
Alternatively, the isolated adi pose tissue derived stromal cells are
cultured as primary cultures for a period of up to 5 days follow ng
initial platin n a nedi um conposed of, but not |limted to, DVEM (high
gl ucose) nedi a%@ahwmﬁcﬁ@onf@% plberamigdipents of hedmyention Wi qoree to Gl 0Bt r act |
and antibiotics at 37 C. Cells are harvested by psi n/ EDTA di gesti on
pri or 1525 skifled i the arf toriwhieh th@mpvmp:amlmns@ﬁwnmwﬁnﬁ Pptsdeachignnsesguied ved
stromal cells are tested for neuronal differentiation based onin vitro
assays. Himthe foxtpqiog desciiptiane 2ué thievesshemtadahiawingse | Therefors, a3 tolheamderstood
concentrations of 8,000 cells/cn2 for 24 hours in DMEM supplenmented with
20% f et al thdbdke mevestdmuim awtdtoahd ilibiiied i to she Fpeifive kinbodimentt hidselosede atde thatvi t h
anti oxi dants such as BHA at 30 concentrations of 20 ItM to 200 I, M in
DVEM wi t h fiffiffcaticls dad\dtiee eadodimehBrarp énténddd tobe nclbded vethirothe sdapesof el | s
are fixed and exam ned for the expression of neuronal differentiation by
(a) nor pheppaiiendiaiassi tAMHoagh bftkificmuiadé shplohanhaéh, they hrmusadid aigaegeent or
| ow

20  and descriptive sense only and not for purposes of limitation.
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cytonetric criteria; (c) immunoblot criteria; and/or (d) polynerase chain
reaction or northern 23 2 7 SEP 2004 WO 01162901 PCTI US01/ 06106 bl ot

anal ysis of selected nRNAs. Cells are assessed for their expres i-Prngfz
subset of the follow ng neuronal markers: NeuN, NF-M NSE, nestin, an

trkA using anti body or oligonucleotide reagents. Mrphologic criteria of
differentiation include the formation of a contracted multipolar cell body
with membriadlMs process-like cell extensions leading to 5 growth cone-like
termini and fil opodial extensions, the ability of such cells to generate
and maintain an action potential consistent with neuronal signal

transm ssilon, adisblatedadliposetissue daived etremak captint Sambebnuiptiaded te \exprens af or

known neurotransmtters uch as the glutamate. Exanple 4 - Hepatocyte
Conmi t nent by ﬁfﬂ%ﬁl%ﬂ}%gﬂ S%gg‘l‘@@'{’%‘?ﬁl\?%@ Stromal Cells A Stromal cells
are isglated from human adi pose tissue according to the nethods 10
described in "Methods and Conposition for the Differentiation of Human

Pr eadi pocy® es idt soltidpastipasedissi@eddrivied Ntraiyel celb it baObeen iRiliesd t0 appresy a9,
1999, and using_t dificatiops listed above. The cells are cultured as
pri mary cul tur %asp(gl}en‘%aﬁagkelngéc 8?%%?“?@% Cﬁ@ys following initial plating in
a nmedi um conposed of, but not limted to, DMEM (high glucose) nedia
containing 10% fetal bovine serum 5% chick enbryo extract, and antibiotics

at 37 C. Gel | s Anisolgiqd adipossisyuessdatyep ptromal, pel] HatEhrnbesngadeded o srpisss b

di fferngntiati onlj ARl : ' [ -der. stromal cells are
transapant ed i gédgmﬁli m"runokfg]??l%?g%ﬁgﬁﬁgé&én?&cﬁmg%{r&r@%}ig a transgene for the
nouse mgj or urinary protein- urokinase-type plasm nogen activator fusion
gene fWeglarz TC, en . TL, Sandgren EP 2000 pat ocyte transpl antation
Thto di sodbed dbiseiRtalipos tirats dange SH&?’@ﬁE‘ﬂUﬁ’éF b PPt o ratess o
identification gf siechdfhcRiRtié bEs RédaMe cgpaci ty of tetraploid and octaploid
hepat ocytes. AmJ Pathol 157:1963-1974]. These animals exhibit a
progressive degeneration of the liver. The stroznal cells are introduced

into e i mal, nodel .transpl antati.on into e spleen, .intraperitoneal,
and/ oﬁg i ravéfblfgfﬁtﬁ%gﬁ’%ﬁ IS%éepB‘&vgﬁthPW cﬁ‘ii%}?éﬁ’és ﬁPW‘E‘E {preppaty sch
experiment al grRAtRShadaf abseA6é bf p1eRdtydlc dd¥dRE vidkier@ver a 4 nonth tine

course. Evidence of liver regeneration will be 25 assessed based on
hi st ol ogi ¢ and nol ecul ar bi ol ogi cal anal yses of the liver tissue.

| mmunohi st.ochem cal ngd:. ol a .9l oal cal siaini t hods wi ||
docunent the p%ﬁé%g%egd %’fl sgﬁ%%ﬂecﬁeﬁrp)ggis%&[n%gc?lég’éﬁg?saﬁeee& } ?@59%@“)@?? \é\{mal
cells will be ilest ahedhimowtikioren aatkupsist, AstSgHE, € (RIAIGiHE ROgémidr,vodual

30 patient for autol o?o_us or all ogeneic transplantation to a
hi st o@8npat i bl &ePEL ¢rlleint WhICH Gt deasyoronemendasehIlglaie pFid sgayence hrs herns

and Conposi tion,fof, Lokl gfentiation of Human 24

7. Use of an isolated adipose tissue derived stromal cell that has been induced to
express at least one characteristic of a neuronal cell for the manufacture of a

25 medicament for treating a neurological disorder in a host.

8. Use of an isolated adipose tissue derived stromal cell that has been induced to
express at least one characteristic of an astroglial cell for the manufacture of a

medicament for treating a neurological disorder in a host.
30
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WO 01/62901 27 SEP 2004 PCT/ USO / 06106 Preadi pocytes into Adi pocytes”
Serial Nunmber 09/240,029, Filed January 29, 1999, and using the

nodi fi cations |isted above. The cells are cultured as primary célft8FRgi0kor
a period of up to 5 days following initial plating in a medi um conposed
of , but not I imted to, DMEM (high glucose) nedi a containing 10% f et al
bovi ne ser StéoCh @enbr 0 _extrac and, ant.i bj egs 5 at 370 C1 Cells
will be h vest %} %g SEEHERILY gsggfr]labrp §i Ppugeq to express at least one
differentiati OfﬂhhféBieﬁE‘t‘icabf 8Mepatiel delMRE tehhdufdbthle Hea hitlAMRACHr! 1ﬁbfbv§ﬂ§
spl een, circul ation, [or peritoneumof a patient suffering from
degeneratl ve | |h¢9at1cdfugetmgaqfat1amy origin, secondary to viral infection,
toxin ingestion, or inborn nmetabolic errors. Werever possible,

radi ol ogically guided, 10 mninmally invasive nethods will be used to

i npl ants t hi@, cel I$se Sﬂ|ak1’fpo§@ﬁﬁ&deﬁﬂ%ﬂﬂr’edelﬂbrﬂﬁeba% ivducéd 368 NSprepcAdicdd one
enzynes designed to inprove hepatic function will be used as appropriate
to particul ar dhawewesdc Namy hawatoppistie | Biegeritar celhefor etlisoanamsfacsiref of he
invention. wll rt to which this

i nvention pertail (Fglés? a%l?%p@ﬂ e@g%ﬁt&%}lat%hﬂgh earllc1 il ggelgr esented in the
foregoi ng descriptions and the associ ated drawi ngs. Therefore, it is to be

understood that th inventigitl} is not to be linmted to the specific
embodi mentd- di s¢| BSEWdader deddferentating daelriss adinascottitere-dariysdi peqmmal &Plés

intendgd to bed H@lrggl Wik DR f [ gh
specific terns E(i)l’ rr%l gyedgheregl&gaté&ﬁag sgrtg'gl{l}g% g%ggglglngérnﬁgﬂﬁ% an
descriptive semﬁ@ﬂbmmmﬂmﬂoﬁmlwpmmaiemblrylonmtw:trmt. 25 2 7 SEP 2004

CLAIMS 1. An isol ated adi pose tissue derived stromal cell that has been

i nduced to express at |east one characteristic of a neuronal cell. 5 2. An
i sol ated ai posg kel e félededieRrentindRlis1abd &dlﬁéseh%suEQiéﬁvéd‘%%ltébHs
express at |east one characteristic of an astroglial cell. 3. An isol at ed

adi pose tissue W@amwrgwg: Blatlbgrﬁﬂﬂdcl%ﬂc’lted adiposedessirederivedditrona] cdlse@tprc@gstsaof 10

| east ,@ne char erl he c progenitor cel.l An_isol at ed
adi posg) ti ssuea%é vau'éét'e@t 89@ gfﬁ@hﬁ? SHAS %%(g "&?ﬁ%aalf[ ig%plpeglgé
| east one char apfiishigiiyse@iimpii) e fedst Gnetind ouﬂésaectwﬁbﬁlqh@mp@dnmﬁ@ of:
tissue derived stromal cel] that has been dedl fferentiated such

growth factors, hormones, cytokines and serum factors; and iii} optionally, an

embryonic extract.

20 13. A method for inducing an isolated adipose tissue-derived stromal cell to differentiate
into a cell of non-mesenchymal lineage, comprising: plating said isolated adipose
tissue-derived stromal cells and incubating said cells in medium comprising i)
serum,; ii) af least one compound selected from the group consisting of: growth
factors, hormones, cytokines and serum factors; and iii) an embryonic extract.

25

14.  The method of claim 11, 12, or 13, wherein said adipose-derived stromal cells are

human.

30
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that it has an absence of phenotypic adi pose markers. 6. An isol ated

adi pose tissue derived stromal cell that has been induced to express at

| east one characteristic of a neuronal, astroglial, or henatopoilet SEP 2004
progenitor, or 20 hepatic cell in which at |east one non-endogenous nucl eic
aci d sequence has been introduced into the cell. 7. Use of an isolated

adi pose ti.gsue derived, stroma | at. has heen.induced to express at
enbt” one 1anar AtEars e & GRIRL hady Bl Rasrson FO cHinsSamF Ser treboipra el
nedi cament for abd Retateddroin BRUHAI RFpsRltisfliesorder in a host. 8. Use of an

i sol ated adi pose tissue derived stromal cell that has been induced to
express at | east one characteristic of an astroglial cell for the

manuf act ur.e of .a. i nt rLtreati a neur ol ogi cal, di.sorder in a
nost . 50 98 5 FheaBEA TR (£, 6% Bt PRIEES Fuateatbie coils

i nduced to express at |east one characteristic of a hepatic cell for the

manuf acture of a nedj canent, for irrpr_ovi_n(% hepatic function in a patient. 5
10. Use ofl7adi pogenathadeiclaier 1 & othesein saig eteletalisseryia ircrrgsand inesept msdiva atlaeast

one characterQﬁh*&mgﬁmgoﬁﬁﬁﬁgPﬁgﬁg@&&ﬁﬁrogenitor cell for the manufacture

of a nedicanent Tor | nproving opoietic function in a patient. 11. A
met hod for dedifferentiating isolated adi pose tissue-derived stronal cells
10 conprising: plati ﬂg sai d i sol ated adi pose tjssue-derived stromal_cells
and i ncubd®i ng Thepeinedp] daip 1 fhersin ey ftaksakippeaun dnprasrat Hip e mpdime at
extragp. 12. Aaqghgggﬂﬁgﬁopggmﬁgggf@é&@%ﬁpg i sol ated adi pose tissue-derived
stromal cells, conprising: plating Said 1sol ated adi pose tissue-derived
stromal cells at a density of 15 approximately 1,000 to 500,000 cells/cnR

and incubating.said cells in nediym conprising.i erum ii)_ at |easf one
conpound gél egt r?‘?tg?r‘% Pﬁ&faﬁ? gﬁpllgo%s]l%s ?’B‘r‘?ﬁe“bﬁi%d r%)‘?‘%\‘/ﬁl r?of"ﬁlﬂSZﬂbQPt L(S‘i‘ %ﬁbs,
cytoki nes and sgihiori@sitficbor ghidkehi i) optionally, an enbryonic extract. 20

13. A method for inducing an isol ated adi pose tissue-derived stromal cell
to differentiate into a cell of non-nmesenchymal |ineage, conprising:

pl ati saj,d i 30l j e.oti.ssue-derived, stromal .cell.s and incubating
Rt T e i L i g D L e e e s
sel ected from tifigboyt SuplSparsemt i ng of : growth factors, hornones, cytokines
and serumfactors; and iil) an enbryonic extract. 25
2]1.  The method of claim 12 or 13, wherein said growth factor is selected from the group
consisting of: EGF, aFGF, bFGF, NGF, BDNF, bone morphogenetic proteins, ciliary
20 neurotrophic factor, PDGF, HBGF, 1GF-I, IGF-II, TGF-o, TGF-8, IL-2, IL-3, IL-7,

erythropoietin, c-kit ligand/stem cell factor, and midkine.

22.  The method of claim 12 or 13, wherein said hormone is selected from the group

consisting of: growth hormone, insulin and insulin like growth factors.

25
23.  The method of claim 13, wherein said cell of non-mesenchymal lineage is selected
from the group consisting of hematopoietic cells and neuronal cells.
24.  The method of claim 13, wherein said plated cells are capable of introduction into a
30 mammalian subject.
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14. The method of claim 11, 12, or 13, wherein said adi pose-derived stromnal
cells are human. 30 27 2 7 SEP 200% 15. The nethod of claim 11,2 IZSEPOPII]J(?”
wherein said adi pose tissue-derived stromal cells are isolated from
onental adi pose tissue. 16. The nmethod of claim 11, 12, or 13, wherein
said serumis fetal calf serum5 17. The nethod of claim 16, wherein said

fetal calf, _ser is present .in.said nmediu t a .congentration of about. 1
to 30 perant . Lhg metad RECHim ¥ YhSPE PX AGIRERETTVE; SFOMA SF Ik 475 158BHcen | 5
present in a s@ish gRdiRAat 10 a concentration of about 3 to 10 percent.

19. The method of claim 11, 12, or 13, wherein said nedi um contains about 1
to 30% enbryonic extract of chicken. 15 20. The nethod of claim19,

wherein sai.d cogncentration of .enbryoni.c extract, af. chicken, is about 5 to
15 per centd 21 A HRRETH S peEaiced By b petborel i 118 d2gr owt b factor s
selectgd fromthe group consisting of. EG-, aFG-, bFG-, NG-, BDNF, bone
nor phogenetic proteins, ciliary 20 neurotrophic factor, PDG-, HBG-, |GF-1,

| GF- 11, TEf- a, Argmgtgpoietic gell prodiged pecopding é¢ themrathesd eftdlaim 1%- ki t

i gand/ stem cell factor, and m dkine. 22. The nethod of claim12 or 13,
wherein said hornone is selected fromthe group consisting of growth

hor none, i28sul iApaiéhadl BslupiodutddeRcrdmpt tb thambihos of 22in233. The net hod of
claim 13, wherein said cell of non-nmesenchynmal |ineage is selected from
the group consisting of hematopoietic cells and neuronal cells. 24. The

met hodgof »gl ai g : &l a1 s J Lon
Mo 80 mmnt AP Bl Sl gorblBl i T e SR GRSl gtk
wherein sai d adi pose-derived stromal cells are isolated from said subject.
26. A pleuripotent stem.cell oduced by the nmet hod of claim.l r 12. 5
37 A hemdPoporbtpe S dhraspinbt S EE arthrhergeiaeBhHeh Haash P pising
1solated adipose tissue-derived stromal cells at a density of 1,000 to 500,000
cells/cm” and incubating said cells in medium comprising serum and an embryonic
15 extract; for the manufacture of a medicament for introduction into a subjectwherein
cells of the desired type are typically present at corresponding site in a normal

subject.

31.  The use of claim 30, wherein said site is CNS tissue and said differentiated cell type

20 is neuronal.

32.  The use of claim 31, wherein said cell type is astroglial.

33.  The use of claim 30, wherein said site is intravenous and said differentiated cell type
25 is hematopoietic.

34.  The use of claim 30, wherein said subject is mammalian.

35.  The use of claim 30, wherein said subject is human.
30
36. Use of cells of claim 29 for the manufacture of a medicament for improving

hematopoiesis in a patient.
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28. A neuronal cell produced according to the nmethod of claim113. 10 29. A
pl euri potent stemcell generated fromisol ated adi pose tissue-derived
stromal cells. 30. A use of differentiated cells of a non-nesenchy$&P 200

| i neage obtained by plating isolated adi pose tissue-derived stronal cel?s
at a density of 1,000 to 500,000 cells/cn2 and incubating said cells in
medi um conpri sing serum and an enbryonic 15 extract; for the manufacture of
a medi cament for introduction into a subjectwherein cells of the desired
type are tyypi C t j 1.
The. use of 1ol a e 5E CARER 28 AR SRR, U bite of aln il bn b5 ik RRhous’

di fferenti at ediafabiont ype 20 is neuronal. 32. The use of claim 31, wherein
said cell type is astroglial. 33. The use of claim 30, wherein said site is
intravenous and said differentiated cell type 25 is henatopoietic. 30 34.
The usg ofygcl aifRe3Qe oPIGESS WiRIR SHBICET s t'raﬁlsiéﬁﬂiﬂﬁf ét@lSlPr uaﬁ?fectw%ﬁksa@ 1€akt

cl ai m 30, wherein said subjéct is human. 36. I's of claim?29 for

t he nanufactur@ngﬂuqﬂWE@Kbﬁqwmmefor i mpr ovi ng henatop0|e3|s in a patient.
29 2 7 SEP 2004 37. The use of claim 36, wherein said cells are capabl e of
adm nistration by intravenous infusion. 5 38. The use of claim 36, wherein

sai d cel | 39s tITHRShEAlIfEIfm 36,a0heteihl AR LEL IS thivitéd wath 4 &a8l or OfiRr ReRicRI C

aci d sequence. 39. The use of ‘claim36, wherein said cell is infected with
a viral or otheentaEREatdeastens desiphaucizic peid sequshes Wehs inedusad Indp said 6Pl
sequenge to be introduced into said cell. 10 40. A dedifferentiated,

i sol ated, adipose tissue derived stromal cell capable of being induced to
express at40l eat de&éfeﬁdmaadl &olasdd, adiposa tisgiR- daived Seroinab sk cdpably od teald .
41. An |solated ose tissue derived stromal cell fhat has been induced
to express at °F EseXPETTe 2klatt Bt eharagieistisrof 4 RBEADRSS titsap dertvesl celd
conposition that i ncl udes an adi pose tissue derived stromal cell that has
been induced to express at |east one characteristic of an astroglial cell
i n conbi nakli on Am ishlatesl phposedisen datkl piramebptihiilatheabeenanduc@d to express at

15 least one characteristic of a neuronal cell.

42. A composition that includes an adipose tissue derived stromal cell that has been
induced to express at least one characteristic of an astroglial cell in combination with
a pharmaceutically acceptable carrier.
20
43, A composition that includes an adipose tissue derived stromal cell that has been
induced to express at least one characteristic of a hematopoietic progenitor in

combination with a pharmaceutically acceptable carrier.

25 44. A composition that includes an adipose tissue derived stromal cell that has been
induced to express at least one characteristic of a neuronal, astroglial, hematopoietic,
or hepatic derived cell wherein at least one non-endogenous nucleic acid sequence
has been introduced into the stromal cell, in combination with a pharmaceutically
acceptable carrier.

30
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43. A conposition that includes an adi pose tissue derived stromal cell that
has been 1induced to express at |east one characteristic of a henmatopoietic
progenitor in conbination with a pharmaceutically acceptable cia?r“efp

44. A conposition that includes an adi pose tissue derived stromal cell that
has been induced to express at |east one characteristic of a neuronal,
astroglial, hematopoietic, or hepatic derived cell wherein at |east one
non- endogenous nucleic acid sequence has been introduced into the stromal
cell, in nbi JRGENRG!

SEP 2004 4 Aﬁ isgfhﬁl&e%&%%‘eg%g‘é ti ssgeﬁggal}lseelgﬁ%? E%érr% a‘lﬁ‘fel Eaetxﬁﬁsggﬁeen
i nduced to exprlem;om charmasistio o€ ae hstrepdib bedllsini actwaf orahreastimeangional framkevorln a
two or three dine nal ranework suitable for inmplantation into a host.
5 47. An isol atSBHqgﬁg at“?"é‘é’ﬂé“ﬂé"rqo\?fed stromal cell that has been induced
to expgess at | east one characteristic of a hematopoietic progenitor cell
in atw or three dinensional franework suitable for inplantation into a
host. 10 48. A @o!aamcb@ﬁimﬁeﬁtssme dérssdetdaal veld thet h@m’mencmmucedrtatexpms bteen
[ ha acter|S|c of i n

d d | |
o e e, i eaPFRR it pleTdise ol A hERkGPYRS Phsritat TR a0 R droitied,

dimensional framework suitable for implantation into a host.
10 48.  An isolated adipose tissue derived stromal cell that has been induced to express at

least one characteristic of a hepatic cell in a two or three dimensional framework

suitable for implantation into a host.
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