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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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Car di oggas CanimdRE §his Rt hasBrbvided tRsasilifbl bofle Makebth lnsdplndB6r,)a vRaely ablepted

14: 213) examned lethally irradiated mce. In _the absence of treatnent,

these ani rih¢rapegtiegodalitn i carasegnd Bbpra¢res ofengdplign; JHUS REPRICBYFRUTER ng

bl 00d cel | gy AOMEY Siesent FARPREAMBA! RAe AlanBANETRIGO NS AldySud h&Tmigngenel C
s rescued the host ani cel |

donor aninap mal . The donor S were responsible for
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undi f f er ent i at Sltedeasrexciiingi nswi evidsnemthatdiematapgietic 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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they are detesistiadhe dulomsaiam. (s, “srARicottenrellsiaat betviane Brrpgholidiag t he
spl een, :\Izﬂgofﬁﬂﬂ&vﬂﬁﬂ.rowi bone, cartilage, and skin 10 (Pereira et al.
(1998) PNAS 95: pl142, 1998). These studi es suggest that the bone marrow

20 The adult bone marrow microenvironment is the potential source for these

=

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

3
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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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5,736,396 to Case Western descri]ges a r&gt h@d of . i nduci.ng ex Vi vo
|ineage-diq%€%tt1édﬂ'a?f’%sﬁﬂ€hihﬁa?f%ﬁe FaT§ SEIdspsedl TRR Flgse gharagied fieller | s
whi ch inclygigs contacting the nesenchymal stemcells with a bioactive
factor so as to thereby induce ex vivo differentiation thereof into a
single particuligs, paeseNshys0By41 i @ddced MessRABEBAcR| B0, dR86ses kesiviaghet hod

of treating an individual in need of inesenchymal cells of a particular
mesenchynedartilegentssge REPE i onER e thab dpalydes tcaftilagg presuging; ﬁ{i’ﬁ?ﬁ delds avf need

thereody a &QIRAG {ié.s{?@proteim naturally secreted by the stromal cells attached to and substantially

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

5



conprising isolated, human nesenchymal stemcells which have been i nduced
to differentiate ex vivo by contact wth a bioactive factor so as to

t hereby induce ex vivo differentiation of such cells ind &EBidg e

parti cul ar weskaehynmal |ineage. 10 U. S. Patent No. 5, 908 pT8AStI060QES e
Western di scl oses a conposition for the in vitro chondrogenesis of hunman
mesenchymal precursor cells and the in vitrqg formation of human

chondr ocy tdwinisiesingfte e intiéusl & eethrsparation CPMEPing SEMARBIRPERY M, el colls
mesenchy b tiffgcmgds&mﬁ ﬁ&ﬂ%ﬁ ﬁa@{o?fva%h QBR0 R ity Bee 6 Uicaketk. cel |

pel l et an east one chon agent in contact therewith. The

patent al so dep( ilﬂ%ﬁ‘f RoPE.05E8R dRbaePdusdnE FNRALERBSNRMaR h%élai;[o oigﬁc

mesenchynmal stémcells by cdntacting mesenchymal stemcells w

chondr oi ndtent icells imyém comprisitg cownbwiign bahan sessnchndl ssterp ecellpi@inged i nt o
close proximty .as acked I I ' . , =10
Advancéd e@%‘ﬁém%ﬁ %?@ecghs F‘hcg’%a&i % @?agésgoéma&l t|§(\§/ nggtg@g?@?ﬁt%ngg&?%g é%gmﬂ
prepar ed itheitdnt €ell gheadtypeacl udes cartil age- producing stromal cells and 20
connective tissue proteins naturally secreted by the stromal cells attached
to and subst anUiSHaknt 8oV 6)10R520 dactites e -idadizes inmeartalizedhewor $rompbeglbsed of

a bioconpatible, non-Iliying, materi.al ormed.into a three-di nensi onal
struct ur e R HEPIRR i"’:{‘i"i W%@MI‘%@&P%@W%%H&IWS | cells. The
patent al so di scl oses conposj tion f g | ew..cartil age conprising
nmesenchynal stWﬁ’cQép%ﬁaW ;%)dpﬁ'érn%’?"é%ﬁ%riwrﬂgu S WE 198 i PEF i on
and difof ersgph ik @Resthiat s@ftaih BemMehdigsis nto cartilage. U S. Patent No.
5,863,531 to Advanced Ti ssue Sciences, Inc. discloses a tubul-ar- |tving
stromal tissuey.g PrgRat eflol Ns ¥21733, 60MMbEdgee Séscabusalpurified | pleddibtent

connective tissue proteins naturally secreted by the stromal ce|ls
attached tmesenshiymelisiom gellsmhichenrg éF‘%?é’I“HﬂJYaﬁeet o ppltipnolseind; Bypgene Jmarasr

framewor k commo f | ldBnfhan Ity 1RFdidthe mesEcHy@l Ng
interstit icg" spe;dg‘gegg’b%@dg&elﬁﬁ%gpﬁég st roﬂrgl%ﬂédél I s.ge%%s_. Pat e&nﬁneNo(.: 5,811, 094
to Osiris sthescelistfosn predemfreniin fibyoblastiscéeliy wher eoniected wish musels georphigigenic

i nclu pr.oduci co ti i : [ QLM | by 5
Vo 01/ B20G1oghh e FURGE bkl RO ST O el pedbaRly, Y
a cel |l prapakchdd @ultinosidaddnitrgtubed i spedaaaisiynaintadt avhet gbitacted it musgle
recovered from hunan bone, narr ow. and. whi.ch i s bs ially free «pl ood
cel I's. U. SROBRASEHE PIgiem Andysear @%’tﬂgﬁ?t?rﬂﬂgssﬁeﬁ%. r%‘hﬁg%derra hiarn 'rr‘%{%)énan
henmat opoi etfrealfstam. cells in vitro conprising co-culturing human
mesenchymal stemcells with the

WO 99/94328 describes the use of mesenchymal stem cells to treat the central

-

20 nervous system and a method of directing differentiation of bone marrow stromal cells.

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



5 hematopoietic stemcells such that at -least sonme of the hematopoietic
stemcells maintai i their stemcell phenotype. U S Patent No. 6,103,522
describes an irradiated inmortalized human stronmal cell [line in a conbined
invitro culture with human hemat opoi etic precursor cells.z WBEP62BE62A1 and
U S. Patent Mo os2879, 940 descri bes human bone marrow 10p&iig@iRéese! |
lines that sustain hermatopoiesis U 'S. Patent No. 5,827,735 to Mrphogen
describes purified pleuripotent mesenchymal stemcells, which are

subst ant i al lgyewth @ad etpansien phetbérest @dpulafiongt nicarother agpect, BEMASIWE <bipd-s, and

whi ch are pr ' t - : | ., stem
ol s for m SEaR R ity Alia SPARE SRl ol dE TP By B

mor phogeni c adibossr G$s8é.nThe latti¢es sane be visedire avedistrate do nfaailitaiten ghel @eovftetald cal f
serum and fqr, .edom_ nant | tanched | t.j nucl eated structures that
spont aneous ﬁ&%ﬁ%‘%@tﬁ bvrfycct:hc??fuac Cd T RO SR R B %gsé‘ﬁ?%rs % n and
scar ‘i nhsbi &0 Y0/6aTISatid hot disclosumliposd tistirealeriddistromali calls thairitase béen gndhdd tof et al

calf serum WD 99/94328 describes the use of nmesenchynal emcells o
Creat the cEHEFRI 2 55 aaP BUROGRIE (LPRiS el ROUOGY, MEPERS' Higisiopoteti

di f f er ent i aptogenitet, dodeeatiovrell Hivits wiofignivburtat, | tor dMG 88138 4 lisclaté 'cgniers] i of
describes -3 nmesenchymal ne aryocyte. pr.ecurso Q Itiion and nmethod o
ool at i g MarSe AENGH S G i 0 P e e wef AR e it S arr e
megakar yocy h@ocylpn8tifplo8akée. Osiris describes human CD45 and/or

fibrobl ast and nesenchymal 25 stemcells. WO 00/53795 to the University of

Pijt ts burlg h anddTWQ) E@f%ﬁi Silis@fo(sjds lh@etMaJ; wed Sdntljpbsiﬁﬁns ﬁfi:diﬁ'e]?{nﬁhﬁlg;ﬂhsgiapm
adi pose-derived stem.cells a attices. substantia ee of  adi pocytes
and red bl oSIPHIROSE HFTHC B Shﬁﬁﬂ%Pé‘?‘i’B‘ﬁ%" menéﬁm%°&i@éﬂ%f’r§‘ﬂ%ﬁcel |'s.

The cells caipjdees bRiepiraysae, al one or withi n bi ol ogi cal | y-conpati bl e
conpositions, to generate differentiated 30 tissues and structures, both in

Vi vg a‘ndhi n vitr@o %wdﬁsei disclbdey a mhethed Qﬁldoﬁlgﬁsiﬁblntlﬁrﬁﬂﬁﬁﬁw?ﬁnﬁbﬁsﬁbﬁ\feﬂred to
proauce nor nes. and, t o.pr e conditionea culture nedi a for, supporting
Phe 6 2.7 SEPRZBBS (sedp SAl1 TBeoH P Bo BT (B pararBinor

other cegbl poRitdpRIdO BEbloddcell lintagey, naasdaelineapdh) PG 1Bags, shi Bes tHdRLE Ved

| attice substantially devoid of cells,-which includes extracellular matrix
material form adispogoal 6f thspesentlineentiod tol prevideewhells sadimathods foithefapaitie t o0
facilitate fhe growh and ~ differentiation of cells, whether in vi or in
vitro, into W&é’e\r&aﬁosﬁatweé Ifl?dé‘?gélsﬁsr a&?rﬁ%?ruﬁ’g@f’ées’ hiehudt the Setfular

production of desired materials.

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



5 WD 00/53795 did not disclose adi pose tissue derived stronial cells that
have been induced to express at |east one phenotypic characteristic of a
neuronal , astroglial, henatopoietic progenitor, or hepatic cell inits
priority docurment, nor did it disclose an isolated adi pocyk & SEP 2004
tissue-deri vet atseoral cell that has been dedifferenti at edCTUShi/ashst t here
I s an absence of adi pocyte phenotypic nmarkers. 10 WD 99/ 28444 di scl oses
met hods and conposjtions for differentiating stromal cells form adi pose

ti ssue’ i nt o B arYekng.grohdaterotiemsl 185%%?% welogigrchemathrpReIticohomeps.ovi ng
a .subj ect’ RPAGI Blotdit htbShydife Piptidd 8Bructtic&idses a nethod and conposition
for inducing stronmal cells derive from adi pose tissue into fully
functional pl eur ipoissmiboding,cebhsl calls way tredrsiodd fymdubdeniapenusat ed 15
hemat opoi etic or blood cell |ineages, neuronal_ I|jneages, epithelial.

| i neages, amfmmaEy gaadalogr omental agigosgotissyesjagd aif'fg%%rerglﬁtefiﬁe opfuiy dfyrctional

I nventiog t -0Vl de w.ae! Ls.aRd ] dﬁrﬂ‘i L C3ephlaf

di agnosi 2 g%eﬁég&hnlgdistggll cﬂ%egé)agﬁddg?%gg urégfgste)}s],e&iﬁﬁ%ﬁ%i %lgi?{eﬁz&%%%tal'ar
product i on bémafepéietzdomblved cell Euncags\panponalofmervaps FYN(ENTirehEcFhestyogka aaslls,

| nventi on | }%%a%@&s @ﬂagiﬂ%eﬂél%@agesa@&@pé&oam%ﬁlapsrw&@ﬂetﬁ(sagth,g%lhhdugéaat has
been i nduce 0 express at |east one characteristic of a neuronal cell, an
astroglial edpbse tissuddertedpeilletthaapeutingiyi(foorexemple, irotissae hepat, ireganedation, These
cells may be used therapgeutically to. ol ogousl y or _all ogenejcally treat
2 host T nastRElr hnpewnh dagielh. 5 BPREel BprPue o fleat: ure
of . a nmedpcagmiin defleticrabatisste Agitleadipgi cal di sorder or to inprove hepatic

function or hemakgpajuRl | EnthliReht May pRFIAE Shbfodd@d RE8mPekHoR Fhie kiR isolh@in,
exanpl e, -in _any,  .pharmaceutically acceptable carrier, including phosphate
ﬁgﬁ%tﬁ:ﬂ%&l@

i o o oo et F bl S b S) b PG e B o ce

adm ni st er ed™

di nensi onal aﬁ% Yiohidenchpnd] Olitithges,Sinthiging e nde Henitell Gb, BepRdtPodaticasklls apdant
or a graft. e three dinensional framework may he biodegradabl e or-

nonbi odegr a8@EeRa! celis, anginuiine oeif pss s plexapalient sivrt sils S thertiptmgag of number

admi ni ster i gpninesad attdabednBiibiidad alséiseat e, .pol yl actic acid, pol yglycolic
acid, polylactide-co-glycolide, proteins such as proteoglycans,

gl ycoproteins, hyahdétiRpiafifect bf tednaation) s mehdd dor LrAgEns adipos:-1dhd SeiidM be
adm nistered, if desired, in conbination wth another agent. such 7 WD
01/ 62901 stromal cells to express at least one characteristic of a non-adipose ti sue derived cell, for
"~ example, a neuronal, astroglial, hematopoietic prdgenitor, or hepatic cell, is provided
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 cdniprising a nucleic acid
including a transgene, such that the ﬁucleié acid is introducf:;d .it_II.(_)' the cell under conditions

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

8



2 7 SEP 2004 PCT/t1S01106106 as a cytoldne, growth factor, chem cal

I nduci ng agent, bi ol ogic, chenotherapeutic, hornone, other cell, protein,
car bohydrate, peptide, or nucleic acid. In one enbodi nent, stromal cells
may be derived from subceut aneous, manmary, gonadal, or onent$HP Ak pose

ti ssues and & @ishdogrentiated into fully functional 5- plRuymidepbssd stern
cell s capable of being partially or conpletely differentiated "into_ .
henmat opoi etic -or blood cell -Iineages, neuronal (nervous systen) |ineages,
astrogl-i al - eghrksion chwgf includiap b soding pobyrtubledtidaloptreisig tiglesl to @istitablegirandierrent s
may provide nmethods of using the induced . adi pose tissye derived,ce&&i

t her apeut i cAhg godinecrobaxelpriide may fngqdspoleiBp gy 1t may sgentls biglpgirplly active -
reconst r uct QA 1PnteR RNAEFBHbordhedgnost i cal | y), as bioreactors to produce
desired substances, 10 and in genetic and tissue engineering. Still other
enbodi ments may provide nmethods and conpositions for the isolation,
characterization, and differentiation of adult human extranedul | ary adi pose
tissue-derived strorn. aDESASEE DI AN OB NHFHENNENEUGNI 1 | neages,
including but not limted to, hematopoietic cells and neuronal cells, and
outline their u : . ' : . - 1 o - nber
15 of hutan and D Gk bloRRLER LA G &iloRl AL LIERYEN slrlf[]

i nvention, acliseinthpdd fio cxprosuati lnggt aué phaetdrisis oé admmi-adgse $issuonderivekloéls t o
express at | east, ,one cteristi A dj . tissue rinved I

for exanpl Bfe?eéabrlPéuar Icl)na@{zfaﬁssﬁ(r)%%ﬁ’_i %@?&%gﬁ%%ﬁ% {)a ‘?% %f)orgoe%lgoﬁ I %{?, %hﬁ ﬁeglgat I C
cell, is pregiidded bytemmxthels nfjinventiot v providsotcatedf patigihser fully differedtisted; ed
stromal " cel I_s j.n chem cal | y, defi ned cul t ur di um t hat tionally
cont ai ns seﬁﬁ’ﬁ*"fi‘ﬁﬁ %B%%Hgatcgm@?t?ﬂﬁpﬁ FEEE ol pf?or es” ea&ﬁ/tgra-ﬁeég?m erum
f act or s joempaygRhiatien kididdvalopmesfoFiattk \engineging protacts ESHthy GeittcRIGT bl

and/ or cheni_ca cowgs to.induce specific lLineage differentiation. The
‘met hods and9E6Aip &% EpAPeaE AP SIS TP B0 Lt or aut ol ogous and

al | ogenei ¢ transpl.antation cells fo he freatpent of human conditi_ons,
et i ng. but - noRdipos sessee orss § plpah el B Born o dere SRR 196
nervous di sgaRpsteatid slidrd) SRm Jelis.i PAp6RItishieliy frrdilylics&8iSRSand ibuidadl ifBrankyi Ver

di seases and traupma, anmong others. In _addition, the cells. of the present

O ent o iR QEENBS ¢ Somfiimiaf SRdeEo pPRiass e sitad lstch vl 6ver

pr oduct 15 TheoRdif ROSER-ciledell \iRrebdthihénde@ YoBEmER aAd @MY badedidni tRélr héight andt 0
express exogenous. genes or. to repress. the expression of endqQgenous genes.

I n accor dan¥eighcAdipacstcs ﬁansbeetr?s%?afpﬁgﬁ@owﬁ@w oypaicy dagis JIBRWCHP 18 2gene
‘transfer vegrlfivelyQbRhvakiAg pfocBiied §ith RShstic éMGlsUdnRE A labPEERN. théWad t hat

the nucleic acid is introduced into the cell, under conditions,
majority of patients. It is well documented that adipocyies are a replenishable cell

population. Even after surgical removal by lposuction 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

adipose tissue contain celis that are capable of producing new adipose cells.

In one embodiment of the invenﬁéﬂ, an adipose tissue derived stromal cell induced to
express at least one phenotypic characteristic ‘of a neuronal, astroglial, hepatic or -

~ hematopoietic progenitor cell is pfoﬁded. 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 pheﬁotypic markers continue to be discloséd dr-can be identiﬁad without undue
e:.cperi-nientati_ql_l. Any of these mark_éts can be uscd to confirm that the adipose cell has been

~ induced io a differentiated state. Lineage specific phenotypic characteristics 6a1_1 include cell

. surface proteins, cytoskeletal proteiﬁs, cell morp]ioldgy, and secretory products. Neuronal
30 ,characterisﬁés include the expression of neilfonal marké_rs such as NeuN, NF-M, NSE, nesfin_,
and trkA. Blood specific markers can include the presence of CD4, CD8, CD7, CD1_9,- CD4s,

S



appropriate for the transgene to be expressed within the cell. The
transgene generally nmay be an WO 01/62901 2 7 SEP 2104 PCT/ USO / 06106
expressi on cassette, including a coding polynucl eotide opzia$gpy 260k nked to a
sui t abl e prweot/e€0t The codi ng pol ynucl eoti de may encode PETHSOL/®I08, Or it
may encode biologically active RNA, such as antisene RNA or a ribozyne.
DETAI LED DESCRI PTION OF THE I NVENTIQ N -- 5 The invention provi des nethods
and conpostP3HnSDBbr TR siss e Qresefuerdimers el 18 the pl wilk gpooguizs, Hiné Sgows
express at .} 6ashiONauGRaact Shhalobkentfald piRMeRRE PaRG: tieatids, IBEhiad &el |,
preferably a neuronal, astroglial, hepatic or hematopoietic progenitor

cel | . The madiobhemignl paieasly caty readdy asserian sheapresencrepn abisense wdre Jyrcaga snecidicsour ce
of partial] fully differentiated, functional cells having

characteristics fromnultiple tissue |lineages for research, 10

transplantatio . ssue. -angl L.Ng: bro he
treat rregra:t' of a% mpﬂelgfaégdgggémgél ee?%vrea%@yﬁ ﬁﬁﬁ%n%?gggérg@ laP%ih%Hﬁesﬁt é‘gﬁ?&%pai r
or i nprover®Rnd deriked gasmal kélbsapeble bf ering imdyped tndxipedss atlléast amtdberecitrstivafie

marrow as a source .,of .ultipaotential .stromal, stem.,cells. i se.tissue
Ot Reneaiogs firege v Bl B e o Bt o ElRlS Repetc of aRgpidics”!
c?ndijt : on I%gezﬁgé Gﬁm&-d@ﬂﬁ@ﬁhgit(éjmﬁdigébetdbﬁvé@bﬁcﬁﬂbl%ﬂ}\;lﬁﬁ,bt)evﬂd&fjtﬁieﬂ\kg{] th¢5 50%
(0] adul ts excee 1 1€ reconmnen nass |1 ngex . . S on t I r

hei ght ancDSGReP gﬁﬁ@%@f#‘p@er}?résﬁ 8@3&%@@?&%& %&eﬁﬁrmﬁﬁsﬁeﬁw&&%@ﬁ |
out pat {@nt ,,B&AES -in LdoRBIAGEA GRH anhﬁée@ﬁdal&ﬁ'éécé}ﬂibid RSt M6 RN AeRgae W th

cosnetic effects, which are acceptable to the vast mmjority of patients.
It is wel | appbeaenninstiding buiaapip beyted do olissue, repelip regsper Az, degaaplruction or

popul ati on| %9)5,3{ tfdipc%HﬁggugﬁleﬁJeﬂ@R&?&lg séme%m&pgyn e neiRRE dgf,xegeﬂdure&

it is comBh to See a recurrence o I pocytes In I ndi vi dual over
time at thiecreinmedsliffaentiivthe suwypbsdlls stéhabat thodedifEeentinted steorsad welks qan deh| s

that are abl e .of produci ng. n ' |s. (o] ' f the
nventi on. Doy g BPERL SRR 05 Bukiral anirOrs BE JRRR R, B o
| east the @ddefioényipicd adipacyie tar beinodified tainniade o mah-endogtnong |gem seqimmpafirc or
hemat opoi et i progenitar cell.is proyvided. ot ypi rkers of .t he
desired cefP “"&B% ca:efll I‘fe??dk%\tlw 5 p[CﬁBliee%glF (gﬁlﬁ%?%%geg kﬁffoc}ﬂﬁ e AP, and
copi ousl y gieblatishedbdBmediebd adnahisfertdao a hostdh kitwbal tpbediaiopst il Hinkeork
continue to be disclosed, or can be identified w thout undue

exper i ment 2 p @esiehHerapeutioEROStar kers can be used to confirmthat the

adi pose cell has been induced to a . differentiated state. Lineage. .

speci fi ¢’ phenotl Fotker grpedipgnt of the doverfion, pcmpifed deprovided rfPfaélgf%E%ﬂB%tgﬁgns,

cyt oskg) et @i, Rk %ﬁéﬂéﬁvéaesl#omwm%@g&us BREnS BRI R Tes UTAMaoPoichie EANAl 30

characteristics include the expression of neuronal markers such _as NeuN,
NF- M  NSEcellpanstonal 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



and trkA . Blood specific markers can include the presence of CD4 , CD
CDv, CD19, CD45, 9 27SEP2004 WD 01/62901 PCT/USO01 /06106 CD33, CD34,
TCR, etc. One of ordinary skill in the art will recogni zZe7tdgst 209n0own

cal ori et r ivQ 05420¢r escent, i mmunochem cal, pol ynerase cPETASHEBL on,
chem cal or radiochem cal nethods can readi ly ascertai n t he presence or
absence of a |ineage specific f5 | n.anot her nt, the

i nvent i on SEEEeT Hex1he grawp ausERE 9 a@gﬂfh Adegp (.hogaonegﬂfm “EE et ved
stroma | g@bhricialRkh nblydaRi RttadPéfEsly baokRhasaEntoldi€aslactone
characteristic of a non-adi pose tissue derived cell, for exanple,

neuronal , astr egk#idhnoth@RAlGinRht, RRTRIRBON Blovides aﬁp@eiabﬁwa deBifferenfiated
dedifferentiated adi pose derived stromal cell can be_identified by the

absence ofcelslipheveipetentnaem cells and diffarsniiated eolip o8 npmpescrghEmalincpges tBatarat ed

adi pocyt e ?@d&caﬁa&&gﬂ{ Wtﬁ@rﬂeth&s%@'ﬁﬂ%‘xﬂﬁhﬁ&ﬁ Wch Belfs &@ﬁeﬂﬁ‘.&?&iﬁélﬁ?&u& ¥nd.
accept abl SITarvier a therapeutic application, including but not
limted tallbgséumns@aatbiionsr egener ati on, reconstruction or enhancenent.

Adi pose tissue derived stromal cells can be cultured by the nethods

di scl osed her & nnd peftedd ibodimentahesiteie cepinabrpavaus eystans tissue ind thedesirad

dedi fferenti ated stro el t p.

char act er i %‘fliafitgn%f’ OEQHH@WF Sﬁeufoﬁgln Iggg%cggcgp]{e%géégg %n\g/%tﬂﬁlgg? ool 15
dedi f f er enfehvai€ gyshih Feshy tagd clenddiredeiniakieastict @ phancbtyphelsaasmmﬂb nﬁngmﬂmns gene
sequence for_  production of a desired rote n .ofr,

dedi f ¥ erf¥s 5‘?’%6‘8@%‘8@{ e SHp Is rﬂﬁfa‘éFHO 10 ?\g?siu\?geg ‘gol?efrlsr’?-ﬁrrr‘]?? celf kype is

adm ni st engghatoPomiidl Ok ydt AncthdrWenbRlinieht, &R sitb HEMmS ihepwtic sfmﬁﬂ;&mﬁﬁﬂpa:h&ﬂa:a
desired therapeutic purpose. |In anot her enbodi nrent, of the inventj.on,

met hod i s  Brardant thedesfred chamaierisici o phenbypsds heRaEct .Péefarébléreﬂweweetlf onal
cells int anmﬁjngmrﬁglrquefgﬁgly@ﬁ%gfegtr i€/ufn. hemat opoi etic stemcell s,

neuronal ce astroglial, "hepatic or other |ineages, conprising: plating
i sol ated adi pogg ydii SRMRs dGhbofGHerk! HRMBlvent | v%’desaadﬁt%ﬂhB@%fdﬁﬂ%—b

i ncl udi ng but not Irmtegl to a deensr ty c}rfen abcl))ﬁ% 1, 000 t o about %00
cel | s/1n®; hemtmb:asls ngamhieeﬂeellomnﬁlng transplaniation pf thg opilsefthe dnvention intpele um
conpri si n I r d of :

ar ont 1 25 RSO EIaPHEHE HRABAARELAG) Sl bREOH WBCRRERENS
enbryoni c celttig &mis;enp:lyefretahbrl tyansfactad with iarieasteorie mpoleiccacik sequence.  |Anvised oF her

nbod el di f f. h
or csence. dHics “eHGRRRP b 1T B s el SARFDCR S pRShIB i e 11

2- mer capt aell hapehediatniranfection. enbodi ment, the invention provides a nmethod
for inducing an isolated 30 adipose tissue-derived stromal cell to express
at |eagt one claeagipesd sisue daiveastonlal célks usefl in the methods of invention may be

isolated by a variety of methods known to those skilled in the art. For example, such

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



mesenchymal |ineage, conprising: plating isolated adi pose tissue-derived
stromal cell to a wuseful density, including but not Ii m#}zdsé%, @& density
of about 1,000 to about 500,000 cells/cnR; incubating t P8 n a
chem cal | y wefi/speol cul t ure nedi um at | east one conpound FOO/0AD/@16662901 2 7
SEP 2004 P CTI1USO1/ 06106 sel ected fromthe group consisting of. growth
factors, hornones, cytolrines and serumfactors; and q'rtgxll onal L.y, an

embr yoni ¢ neioels aed/or ftfﬁé‘ﬁ‘@r%?‘%ﬂtfah% oF ByakaRnidess oy Hese: & gneqwqqar
another ernbof! ARie p%t édi‘l\ééi&fah&{% R XV 605 12slh ﬁ@@%&emyeﬂauéeﬂuft& scapt i at ed
cells, pleuri pot e em cel and differentiated c nonmesenchynal

| i neages tihmMy mostSPIpfemMBCéTdOé&G@ddlah@ﬂmmmi@S h‘ﬁWPRﬂd%5°d‘P 1056, prefesstly on.
Such cel | o t t
oue pfg ¢ o befieR %gg ”*r?e %{hos?ﬁ}e%ka%g%w@% Ren?hsl, SRR En 16 FIRALAB A LADNS

nervous systemtissue and the
desired q:ineﬁmbllyé:reh&n B0 auimgbetodt e, gst pmﬁardﬂ}alﬁ mmut@ Seonls peobsed ed

enbodi nent e Si cent,r al er.you ste the desired -
char act er |ﬂ%rf’}1 8rY, e?‘fo‘ftﬂeif)s§°l°§1 15‘55?1 @/ gl eﬁn ano gg(? et %P‘?se&“ &tE
enbodi WentpreféﬁaBlySlbeh@eeln&ﬁLO f.ti man/eﬁmm aﬂﬁt piieerats 70 eﬁcﬂalnar dthe avells biecthen cel |

type is hemato oietic 1 ot er, enpbodj.nment the hepatlc
system arfdPIrsted e diffeng r}ltF I%chﬂ?dr\%"ﬁ‘é‘éeff‘ &coilh‘gfpﬁ L or

phenot ype )}Jaﬁ?tlﬁ hfient Prc%h@mpbycenwﬁgMJss@e‘ds bBbetWBdHHDI tarzoom § more

pref er abl | ect is human. et anot her enbodi ment, the |nvent|on

provi dés a)rtrfe!lah]dd()@fo 150808 st P@fﬁf 58P ¥ 25 geriqis af?FéWP@rﬁ mitgfsgie | si ng
transpl antg {Q,g)re%erh%lff{o' emuependﬁr@g;amm st 6 %ofb@ﬁfefsﬁr ably,

t he transp i'ntraveriou usi‘on. In one rroo I ment,

cell is trtﬁtrs‘j(ﬁﬁnbryferablyshea&ﬂey 207ta 81 anostbreferahlyat ahowbizi’Cone nucl ei ¢ aC| d
sequence. A viral or other vehicl e containing at | east one desired nucleic
acid sequence (The ieventivor ouipriecs thetreattriest ofdhd adlmyhmldan'eedtatan@fe@lsﬂen 20

The adi pose,tissue. d e I ention
may be i <BFUSP ﬁ“%t g’ é} E"y&gﬁé neﬁﬁhé}saﬁ(%gﬁﬂ }il‘"lo[’g?%ose sklﬂﬁ?%eé e art.
For exenpl Whilsthe huveﬁﬁtirhﬁ dst bouad e aay ileed; éffopktafion, EBIB dnlievhid thaﬁtréﬁiﬁﬁﬁtﬁiﬂ

i ncorporated herein i .ts entir In a err ”retho adi pose tissue
i s isol at 68 P’FSBWP%FYFFﬁﬁW' q’é‘Hbf%%*PmB rae“r‘)é& Bt emg‘y Bi& 538“2
preferred H&LaEs @fncaphme etabSBLR bﬂrﬁﬂeﬁhﬁedadi ne&;mbxﬂaﬂt fgmahs factdg

adi pose is 25 typically isolated hy Ii osuctlon f the cells of the
i nvent i on CAiokined BEMONEH s HIAR SRRl o 286ntsy A JiPastonalj or | idﬁe@f’lg?aébl e

that the agiRESErdlsRURiPRGARIaiahisLM t hat sane SUbJ ect so as to
provide for an autol ogous transplant. Alternatively, the adninistered

ti ssuggmay be Non-limiting examples of base media useful in the methods of the invention include
Minimum FEssential Medinm Eagle, ADC-1, LPM (Bevine 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. In one method of isolating adi pose tissue derived stromal cells,
the adi pose tissue is 30 treated wth coll agenase at congcentrations
between 0.01 to 0.5% preferably 0.04 to 0.2% nost pref eg b¥&P ZWbut 0. 1%
trypsi n at woageser ati ons between 0.01 to 0.5% preferablpcrni@oekige nost
preferably about 0.2% and/or dispase at concentrations of 0.5 ng/m to 10
11 2 7 SEP_2004 WD 01/62901  PCTILJSOL/ 06106 ng/ m ; and/or effective
concent r at {¥5Re N -nahard Milasien! dnduiss Set HaBmel dugql.camone stheret & mpaberacet i ¢
aci d (EDTA)t male £Q1£ 8R! sumtintaBiRs ﬁfmaae&tm%&gﬂz-\%%@é LPfie et tbynAs, about

.1 to about 1.0 nM npst preferably at O. ) enperat ures between
25 to 50C, Pioafley edited by Bailizedp. Jeleoby gnd beH. Restan, prbdished vl ArademigPess, s

peri ods of between 10 minutes to 3 hours, 5 preferably between 30 m nutes
to 1 hour, nostA@hm@mn-mgﬁWml@@fﬂﬁd@mﬂui@tbmeté@cbsééheinmncimgcana

nylon, ot c %ﬁé@ i f ks ' , hore
prefer a%l yp@g%\%géggg tolﬂﬁ.!)%L %F%t}rl%nsg&?%o\gg? Q%Ir%g?@g%ﬁga‘}%gtmﬁ%?%%gs&{ %lﬁé’ cells
are then pusfgably etdlegsd ablgrt {586 ént3%) mostiyt preferabbt dbont Hi%.e Entbyydnic esteibinofor
over a Ficgl.l, or Percoll. or qther .particulate di . ls will be

cont r 11 ugedtiheR op R Harief bt tor i o Siueran F Bef Dot ThleePrelliiy 00 10
1500 X g, Iastubgt 6¥o abloymatt phélétablygbduwnogeri ods of between 1 minutes to |
hour, nore preferably 2 to IS mnutes, nost preferably 5 m nutes, at

t err]Per at.:Jr es of]f_:))begrwg&féfactérst OytbKlfies, powdopesilal timtéiﬂb&\ﬁﬁrfoﬂ&wihg sﬂ&iﬁcf ﬁ@tﬁfs
prefer y. at .abaout 25C.. The i nvention conprises, the treatnent of the

adi poszgt i %@@naew \‘}‘%hf?(t‘?‘gtﬁaﬁm harmpge, fﬂ’#&ﬁ%‘%@ﬁ?’@%ﬁpﬁ% RiERekpSI et c,
neuronal , A&hkAGh @linteMREE 7CmRbroffR8 eolohP QBRERLM FRfr! St Heandehecdine

i nvention is not bound by any theory of operation, it 1s belTeved that
treat ment Betof [psteppratearrpblisandsingloh msulie Braugrowntaatorsi apjdermebatoitiafacton of
serum enmbpyenhG Sl MAEER LERMAP R BRfy RUIBRoME ! rﬁﬁ
purified or recor‘%l nant gF’oI\l/a.?i actors,d’}’ cyto%‘lnes? o?%ﬁ’eglﬁéﬁl o‘sr'ed
chemi cal agrewthsfactpr; and Bonti membogsnetic pyeteid-ati consagiatingd of beivesen piperaovintiot |

w il ipduce.di yat i - Ll tin a es of, base dia usef ul
int he?ﬁetﬁgg@%&fﬁ%@n&g% ?%go%ahé%?, hkﬁ %Pﬁuﬁm é’gséﬁW?Feﬁ\Mﬁ?ﬂnEQ@ e,
ADC- 1, LPMsehibuithe nStodsrofdhb invemiduraeejyle toRnd{del Al to 1002 thetfdaatiddCEMlo0dDCCVR,
RPM 1640, di.um (W th and. w t t,.. Fitton-Jackson Mbdificatign),
Snl ved e Eayptoid Eottoid rORRid b piiielb ineaS s BSECE e Ve skl eft

Dul becco’ scdibgi thingitlg haiy(CFYRasuyn (BMaN W dZhQOT3)SP NGl CantarBing S0ldiEl20, 25
G asgow ML SR 683) TRt e Tt DY Moith B4l ook T oo s GGRY " S A

20 1515

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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Medi um  Medium ML99 (ML99E-wi th Earle's sal e base), Medium M99 (ML99H-wi t h
Hank's salt base), M ninum Essential MdiumEagle (MEME-with Earle's salt
base), M ninum Essential Medium Eagle (MEMHw th Hank' 9 5&8EP MWise) and

M ni mum Esseebi/e@bor Medi um Eagl e (MEM NAA with non essent iriT/@mssmeaci ds) ,
anong nunerous others, 30 including nmedium 199, CMRL 1415 CVMRL 1969, CMRL
1066, NCTC 135, MB 75261, MAB 8713, .DM 145, WIllians' G Neuman & Tytell,
Hi guchi , lmsmlmemu&mpm‘fMC@@@Onnﬂwhﬁoubodmkﬂil&smmml%y A

et o o AL L . BEBR A 618 R BUGH) oiGsgagg ol e

PCT/ USO / Qadteiis by Emmdnoﬂ\ioi\ésqentﬁéthad@saigqumgimsmciﬂmmcldnebantisaﬁes lidkEdrek,

| srael, ot her,s nunb l-a_ar mard z thods in
En ol oay UG REREOLY JRpseR Ry iR g et pRw s B el Sl o B
Jakoby sanchfl del fAnePd$t Rilymdrasel ¢tﬁi318£iaahjbn5°\ﬁlﬁdﬂ1m}§'bﬂ?d1mn, budor ﬁ@fdietn oal

non-limti n%,exarrpl es of nedia useful in the nethods of the invention can
contai n f e¥8P5&erum of bovi ne or other speci es at a concentration of at

| east 1% to about, 30% preferably . at ast 5%.t g ,15%

preferably abodftigBy®r Eﬁ‘%’bﬁﬁ’%@ﬂ‘?"%?e fonay %E@ﬁte’é?eddﬁw Pl‘g%[éﬁ?%g can be
present at,ray,GRRCRALL@idDI rot%ﬁﬁu%en&%&@/o?’@%br ﬁfaﬂ&ﬁhﬁ%ﬁfn@tof th@ﬁﬁéag@bOUt
5%to 15% nost preferably about 10% By "growmh factors, t oki nes,

hor nones” qommaehdfetae stenal seiloipiargricylas farpinal @éfﬁ@ﬂ%atedmatpn hesamsghodut not
limteg, tqy, c{e f\ﬁﬁ”%%e £ "ihiflOR egae) raeecﬁéhr QJT’OQQ]P Slifabs JrBlRE! gYkin 3,
Interleu

i nterl eukl n 6 , hacropha co ony sti ating factor, Kit
| i gand/ st emmmbﬂuorésamt@ssays)sm@oprﬂnvegyhometry|ogaimd;tu |1ms11mtpshqm1ng®lﬁlacim0$e|- ke

h f h f
o owi . aciearet el S B ek ppling WP BRSO3 e oct o

and bfalne maaipmo«gfaaﬂédpomm QGm:;ﬂ:r?atercﬂnqmwy a?lmaamscfﬁtsmmﬁ@? pegrotdoardfm to
15 mlligra eve|ls. At.suc oncen t he growt act or.s,
cyt oki nes infapelRtes B apmpmafinogescen %T& hac? SB‘fh ghdt Wn%’@?f??ta'n OL i SHB) e t o

i nduce}s Upmnfind8king bﬁa&pdsm&sueme@&edaheﬁdl celle hiifg dﬂe&!ﬂﬁ]@h@irﬁcloﬁl&iﬁﬁb’o@ie@,
nmyel oi d or pI atel et |ineages) from adi,pose derived,stromal cells in__colony

form ng urfiliectedpegnshpEayisomy m&@@t@ta@avated(rfm -Jetieid X reeqrtogs Vitiem D

50: 603- 62%’6cep40?s‘301etbﬁ|1 1R83%on) of ﬂ'l%uﬁﬁ?{esméif%f 38 38RBMtivVREINIA &ich 3k -
(2993) J Exp 07 20 1515 further recognized that

addi t i onalosmmem’&f{nﬂ?}n% lspiténe dChfBLst interlenkinut.c osterpenteserin Sigand codfbnent s
may be antjhi Ohh&SeoldY stiBRahd fltor, AUBID maflT B FOWHS factoR B methods such

20  as polymerase chain reaction, in situ 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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ot her conponents known to the art for the culture of cells. Additionally,
conponents may be added to enhance the differentiation process. 25 By
"chem cal agents" is nmeant to include, but not be |imteditSgp Zpf i oxi dant
conpounds W@ hu&soibut yl at ed hydr oxyani sol e (BHA) or 2- neprcapsaedsinanol |
steroids, retinoids, and other chem cal corrpounds or agents t hat i nduce
t he dlfferentlatlon of adi pose .derived s

" char act efpaRabgsipchepmicgly dn rS'E'é: umbridigetions cé’n? %Ft @at‘)i%}cl E’y cellular: BiRlesif t he

i dentifi Cﬁetc &ueSBQeeotor%yﬁﬁsq{@eﬁeﬂamt(rtasglﬁrw Rzl BésYiSel 9651079£36%16. and/ or
ot her ers'indicative of the |ineage conm tnent of the stromal cells to

a particul ar tgfdl pas ﬂtdfﬁse&ﬁ%geeéraﬂlg%@ﬁam@ae‘ﬁe spgtéda@@ls ho¥d ddficieReinude,

but are not limted to, (a) detection of surface proteins:by inmuno
13 WO 01/ aﬂ:,e@msszofmesempmmcellspe’hp@shﬂtllpélﬁeee& rrfbeasshectatederh O vak phg

pr ot ei CI f t -
fl uor egceﬁ{e é‘@@% hgﬁ%&ﬁﬁgktﬁg t@g o?% Wﬁgﬁ%mt |02 n'f?g(tﬁﬁibglaﬁﬂo{ 3§ e
det ect i on endrafimént af etetnutelis; prpdlwu@l mowhqnmpnmhb mdﬂsesiefemngrmlﬁtﬂ)’dhlam ng

proteins le nke C

f1uor esce Sﬂmﬁrce vfﬁﬁﬁ‘b SRS '% &géeigre%%f ranon aglfi c?!'ij e erqlgl((:)&rur%lft O?Q%E%E?wm
det ect i oncéll Meagelahd aayng Dy fionksy/aRicatd mMematoealetm davelopmesti t U

hybri di zati on, and/or northern blot .analysis. Partially or termnally

differentiat edT]Qcﬂ:leh&tdﬁSBiétlb eelﬁh)@ﬂﬁ(iﬁ\%ﬁﬂl(ﬁﬁﬁldb.)ee hibeiaphe fiir iafviatiety iobdisodbrssur f ace
and intracel | ul ar Eéﬂel ns, es a 8/or hsi maﬁkers I ndi.cat i ve,npf t he
lineadl@ Pavirriarks Iy t?é"%tt blood, marrevy, ster gpis; gtgy ahe of dptrresty The

di fferent haﬁﬁam%&@étﬁm@*’b%%emmm EQendiHTV ifbéomde, but are not linited

to, (a) detection of cell surface prote| ns by imunofl uorescent assays

such as f puy Gy RS e BEattdbyBinbudion ioFTAdARSlosdieNgined Bup RS ot h:dﬁéd t\éed
st ronal celrs surface proteins such as al kal i ne phosphatase

146, i nt egisedses ragelfing fros aoBilerspdnt disfuqclps of Hogmal; biged cpli geEofnciy Doafefl

84: 4164- 41/, %)ratloglbe\l %%ﬁa% id Qfe aﬂdn? potiFiAE s@érﬁ’tcﬁllnéisﬁﬁers) neoplast:lc

i munof | ubrescent S suc ow cytometry or.in sit

i munast aimelipgnt diseasds ptt)sﬂ@ hq:mtmmrmm @tgr,olmitenuelané lmph@lﬁbefefpﬁd c
nDnocIonaI apt i bodi c at ed
receptors® &W‘ Eﬂ‘@] et ecep o ﬂga%aao%%{e r ec %‘?‘Ss]mgﬂngb?ﬁ(ﬁﬁo taﬁ&/

det ection gaienb désofders eismh@!monfersl mdedtg dut edeant hnmadrﬂ\mesemnmeng ﬁom a

osteocalcin, PP e i nterl eu ost gerin
|i gand andBye or ?ﬁ%“ﬂ%‘gﬁa% ?ﬁtﬂ%ﬂ?/ (gbﬁlr?ﬁ?da‘ﬂl??ganfl Emml Eﬁl? <Eé" and
growt h f agtpdisbMerseinbiodiag splitic2tensa, p@i@f@éﬁ&&gﬁdﬁ&lnﬂﬁbﬁadﬂombpcytﬁpmat u

hybri %.I Zatrfl:do r(lzell aart])ija/sgt,r Blgch an-]ggaglton naI g]tng 1?36 eto Gdrrtrlig)s raglatton 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,
dihydrefolate 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



al . (1989) Bl ood' 74: 303- 311.). The-cells may be adm nistered into a host
in order in a wde variety of ways. Preferred nodes of aE? EI stratlon are
parenteral, intraperitoneal, intravenous, intradermal, u

I nt raspi nalwoiont2%eist ernal , infra-articular, intra-synovi &'Ic;rstnmcsntmt hecal ,
intra-arterial, intracardiac, 25 int rarruscul ar, intranasal, subcutaneous,

I ntraorbital, |ntracaps | ar, topical tr lgermal patch, ~via rectal,

vagi nal or SYRAEmSy £PT NFRLETOSHIOS, ‘ioﬂ%flnl} p@?}ﬁO%ﬁﬁB&%ﬂf*@r SomalePRiSineous,

nasal  spraghgeritdl Gf il BRERA! mbf%ﬁéln%bct&ﬂﬂgh&ﬁ&gl&ﬁﬁlﬂia; GEYTY SigRiBoRLGIP,  OF
via catheter.” In one enbodi rrent the agent and carrier are admnistered in

a slow rel nlﬁ@aﬂm@-r #mmqg@msg)udhn% d» i PePyruyite skivasenflefzaisngy, epngseitdls,
i mpl ant, 03)%%&#1 %leﬁsm &é}g&gg;f Qick{PRARALCLICIR Pit, ﬂ?ﬁ%%ﬂ%@ﬁgrﬁeta The

presence o eren I's of the I nventioh may cted in a
subj ect5 bganana;arm@hymaglolm@mu craegenitglc |disgidaty, off uirompnity, | réversd qopibirfedow

cytometirc /62 R U 0

I mmunohi st oc em caCI(i)eJn ?n%géafg @ng)l’ di?%g?ﬁ Ton,° Rﬁ)%yndﬁg dr&?%i ‘?0 h "ol Fess?néwgr

cel lul ar btophtdgEdc imtresidafideres,. cmnedf mlmnnodaﬁm@x,cy Keiten eﬂppmlg abnpfBARY, Proc
Nati Acad Sci :10711-10716,. .These c I n neratj ng t.he
ot opor oRIA0S)E PPy A Brictiay BETTRpH 191t AR Gio eGP HER SR D o
cell's; a hggichbMaldisessed MeRsRd adshifRe @ﬁctehe_@t Edsihini'e nevadoref reﬁmﬂéxood

marrow, isolation of stemcells, and treatnent with drugs_or irradiation

prior 1® réyserngsiafropawiel Lekoste dysigriion sypdwmss g Vhes Sieh SsicoBYsRSt i C

cells; detﬁg&bg&%ﬁ&d fc\ﬁﬁﬁé&fith'eﬁglyngr&iéﬁﬁ'asf afehffed fiﬁlnﬁﬂ@&ﬁc&ﬁbﬁst eiﬁl"e‘éﬁ&ds
sel f-regene ation: and the development of hémat opoi etic | i neages and

assayi ng fdjsorﬂa"etm@namnatoedewnﬂmhmmé@ﬁ@m@s,dbwr@br:@?ﬁ@tlonxh@ g

hemat opoi e S e V. y of

di sorders. Hu%ﬂﬁ%la’rt:l[%u éasgéfy ﬁgfg%’l erlfgbfggg at edpt %ﬁ) mal?lrl‘;d(%u\?vL stem
cel I's, et cLeighneanisis), :ﬁtngabsfecho‘ﬁh,ehsotdmfaimdlspmpdmonmylymhméedl sats andeat or
pr eveni Iil I nfection L so[ide sathathacgn éogﬁtﬂgrﬁgrst dS b i'snaf u3| n ofls

di scl os® aFE TR e B PRASPRL SHLAS GELRHO Vtﬁﬁ’froma
f ai I ure of clﬁoxdysgranBRﬁnmodlsm rmied.llak-@ﬁghcmebindmtm u&hir@phlamim deficienay, on

(i.e., aplastic .anem a and hy liferative ste dlsorders X

neopl ast i c2eHBP I i agi se§§5§8 LTS dB%]P@FC oV RS (éi)iﬁases
l'eukem a amdcd MIW&@E%})sesbrﬂﬂébhpﬁB%t rmﬁacémhe@@artﬁsom&rs didvVieS Bimune
non- henatop0|et|c ori aut ol mmune, condi ti ons; genetic disorders.

Such di sor@eshsnisgs|Wig ﬁ“ﬁlﬂ“%ﬁ@mﬁ%e iph {-@ptinypsig %eF"esuI ting froma

failure or dysfunction of normal bl ood cell productjon and maturation
hyper ng)| i f er atlPigeasest @fnpathologies include neurodegenerative diseases, hepatodegenerative

diseases, nephrodegenerative disease, spinal cord injury, head trauma 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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cell disorders, including aplastic anem a, pancytopenia, agranul ocytosis,

t hronbocyt openia, 20 red cell apl asia, Bl ackfan-D anond syndrone, due to
drugs, radiation, or infection, idiopathic; henatopoiet i2cl ¥6°i PHanci es

i ncl udi ng awobre2bganphobl astic (I ynphocytic) | eukem a, ebrwsimsiognphocytic
| eukem a, acute nyel ogenous- | eukem a, chronic nyel ogenous | eukem a, acute
mal i gnant nyel osclerosis, nultiple nayel oma, , pol yc¥t hem a vera, _agnogenic
nyel onet ap$ auiitiple sehpPsisniuicoInsverEcERitshand Hesres of thsg ol 1ty siebhema,

non- Hodgki n; %sr;gﬁgp ' 'erglmﬂ i kil | ' kgmant
solid tun%%gégeﬁglﬂd I Ng %ﬁ%nant &%Iefélﬁ%rﬁm&&él S@E@%ﬁ*ﬁﬁ‘q&w ﬁgggﬁ%%%

ovari an caslepsismnfatie aspinat axuscnloraatrophyn| 4nd c giveniley gpinalc apvstramgirophy);

retinobl a ma, ..t L.CHl ar, ' gl obl. M,‘HEQ&Q%%(& ,
neur obl as?%%ﬁ‘,m‘ﬁ&vidﬁ%&% bggﬁgo%%%b{&gn%;%%% Q%Iﬂ?)gl rune “di sgases fﬁg udi ng

r heurmaf oi Mematid hof tliesvy dicdpetyps; tWpmicke-Korselift dyeqrates i chromiul léghoBsm;
sclerosis,, systenm ¢ .| upus egythematosus; 30 geneti congenjtal ),. di sorders
ol uds ng Cantandelket dR Rt SisPuE ArES R nibmP B T EREYE SR SR ot o

r educt ase JaeHimbmiAGIeBistida0 r9vas. 9 Berkéva bis ik r(edsg (U887),Clibe Matck Masad); Myhjan
syndronme, congenital dyserythropoj.eti rone | -1V, Chwachmann- Dy anond

d
syndr one, ¢4-4iNgrek ardoFas Balpvryn MY agdcly qf"dﬁ%’é P?Eii edereness it ey 315 5eiEPase

defi ci enc&m%gﬁmm%m;ée&ej SEP 2004 WO 01/62901 PCTI US01/ 06106
syndronme, congenital spherocytosis, congenital elliptocytosis, congenital

st omaygCcyt 0Si Sp,; aE@ROGRddRhedRhditipostliSRAE 8ellsRas Qégéi&ﬁéan?%d}ﬂd&,aé.g., to
henogl obi nuria, GOD (glucose-6- phhosphate dehydrogenase) variants 1, 2,

pyruvat e kkpressexogenpus ganes ot ©aepes the pxpressipn Bf epsloREIONH gensen & agoprdapee
e e | . : ' oha. _
i o ey o R

gammsa, et - congeni sorders O , .
combi ned icintingodiedrisginensigh dias BrsmcleB@RiD)is inmrecel yutp Hrsosellamdgmupnditions

i onophor e-responsiv conbi ned, i mmunodef i.ci enc ' i |.ci ency

Wt o capPRRg R heFrrerne t bt PRIERACv I B, FRERalEe EIRADS b

g_r anu |1QCyi3ﬁpr6§§io:hr¢a§§gLfd, ﬁicmdmg,addo?ﬁlg pbﬁyb@l@&'ﬂa&petab@yﬁ:m m,da suahle pmmoser.l o
i sease, adenosi ne deam nase deficiency, Kostmann' yndronqe, ret ar

dysgenesi ,ge Eﬁﬁ%ﬁ?lﬁc%ggimo‘%ﬁ?rﬂ%& PHit &y ﬁ’&ﬁ”ﬁﬁgé’?‘)g&%ﬂ? 8YHE r%ﬁglm h as

0St €0POr Ogidh, as AWM RN A 0P § irfrozynas: qUintsE the ' OEIRP pylyhscllideicas encads] bigess

I nrmunodefi ci encies, infectious disorders causin rimary or secondary
i munodef ceBHBE.dRT examplt Fesifancs oatorigni beraoge gsu‘gB%.WEW Pwth horapresysi s,

t uber cul 0§ nonb SAERRY) factBR 588 hirdonts) h@eldcBAR otkéht: horBAR! bokines such as
Lei shmani asi s% , fungal infections, disorders involving disproportionsin

| ynph@Pd dserferansst dnterfapkips, pwhdymphekingshecelly meficeoheunduinteerilalsr rignalipmgocyt e
di sorders,, ;KOS GRS 2REAN hﬁfééﬁl@i%ﬂ?d hot{¥nd 3&&@&?@5& RSO Yoorligase.
| syndr ong, neutrop | actin ef Cl ency, _

Chedi ak- Higac
given lineage of differentiation, or any other transgene with known sequence.

The expression cassetie 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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neut rophi | nmenbrane GP-180 deficiency, netabolic storage di seases,

mucopol ysacchari doses , nucol i pi doses, m scell aneous di sorders invol ving

i mmune mechani sms, Wskott-Al drich Syndrome, al pha 1-an? ifr§&5%5i2e04

defi ci ency,wewnos29@0 Di seases or pat hol ogi es i ncl ude neur edegmsoeicaici ve

di seases, hepat odegenerative diseases, nephrodegenerative disease, spinal

cord injury, head traunma_or, surgery, viral infectipgns that result i
ti ssue, organ, ©F cgli%ﬁﬁcla‘ée&éwmﬁn&iusa{ﬂ ?W@Wap%wl%%%&wm&ﬁgr ative
di seases iﬁk%ﬁé’&?‘ﬂé@ﬁné}ﬁﬁclﬂﬁﬁ%})ﬁtrﬂoi 86kitbPto AbdeScianBEbd dese@WHl if patents and

denyeliriating diseases, such as nultiple sclerosis_and acute transferase

nyelitis; PdliestionspiaddpitpaBackemundel By avpaion dinshiiag S RaimhNag 3%3i76hs of
the ecortigaspidals sy aliefced HeSR $finSesOfnch B8 w %.ﬁlbugﬁd%%ﬂit%d%z ¢8I shek! ar

di sorders; hyporkinetic novement disordefs, suc as Huntington's orea
and senf | eNgh6,18%574r Vigpanti redl abe ] 0B (286@nt asdilonrede Fissue sRegnargtiarh déurices nduced

by drugs that hQl . dapam.ne. recept .S | J Detd C i.sQr ders,
such as ?’m"’a sﬁg’ ﬁsléggg?%ee%grg{%% %) g?ogzgj:ef:@é&se il E%l goﬁ UC yg ' ng%?/ﬂf g’%‘?%%l t eﬁr al
| esi ons of alt {Be2/0%)r Fhed-Diwvensidtl Fibronc Beagbld| Cantainieg dnechat! iCils Fos Redduaimg spi nal

ataxia, Friedreich' s ataxia, ceregbellar tical, deg rahions,. nultiple
syst ens deE@ﬁ@F’&f‘?%ﬁ?“ﬁ @ﬁé@%ﬁ-&?gtp?t 0-1%%{}3&38?’ gﬁ?ap@r g@%fﬁaenchymal
Machado- JogarMacks348 IR I HMuA6proRLIBRI TIES Fos Uhlamaiony s8I Masent Mos 6736372,

abet al i poprotem a, ataxia, _telangiectasia; _and mtochondrial nultj-system
di sor d&% :  Wesspté| stnalt (H¢98k diedegrodahle yuthens, Erbmerigndibrops 2461x XConiadipe 2004

PCT/ USOL/ 0@;2191@ A5t Ph 1R Brys rBlRAbS | ORR UES 1 dePIonY FnsLmuPet et I Titent b,
di sorders of the notor unit, such as neuro&iernlc muscul ar atrophi es

(ant eri or $80h17BeVecait gbd e/ 9D dmplowationn@f GerlyMotrbpWiuciureddneant Mezeaniervsi s,

nfanti| i . Jasy e . _ ¢ ;
A zhel mer Pt Bl PR 1S ORenk NECEHE 4PF iBigaRIaE pdiod HoRsy)
di sease; SBimdngiotnl Pérrets Scaffoli oeimrikpdinchedGells\Nor Rraden dnsaleokéd Eysvdr one;

chroni ¢_al cohol i e fe - Jak di.sease; upe scl.eraqsi
panencg%haﬁ‘i %’5" S[E']QI IP%ePgﬁ\ﬁ)é ng-’%};?a@g’ g}i%g%ngs gf;a1 afag?i @ﬁe%tef %r%!ﬁ%"gi%? i @? fCa.
See, e.(q.,DReskonalFibroas Scaffolidfor \AttadMRRy Cells ThePvEu@ Wablulareded T{sdtellh)Viveed. )
Merck and . .. Rahway ich, reference, .eferences cited therein,
are enti reﬁ;%- PPWE%&%%§4%'%aFEQeW ffﬁ”‘f o’é{’?ﬂf’t"ﬁgy @?ﬁ%’lﬁ frent .
the adi posgxiphiMmer: Sldich Tl GoB I8 9net U PhigntT06lisf916 832, eAt8la et BIO(5/EMB)ESS
exogenouseﬂenes or to repress the e%essi on of endigenous enes._ |

accor dancelwagiable Nen-BrnremgsenierbrttilagerdndcRane Frepaxgtinss A4S+ Rptept é=8§§’é£%f er
voc T ASOTRAA o (P i s PisBaroeyskth, o e
Vacanti et al. (8/20/91) Neomorphogenesis Of Cartilage In Vivo From Cell Culture; U.S.
Patent No. 6,027,744, Vacanti et al. (2/22/00) Guided Development and- Support Of
Hydrogel-Cell Compositions; U.S. Patent No. 6,123,727, Vacanti et al. (9/26/00) Tissue
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. 5,723,33i, 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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appropriate for the transgene to be expressed within the cell. The
transgene generally is an 15 expression cassette, |ncIud|zg gqugﬁng

pol ynucl eoti de operably linked to a suitable pronoter. e coding

pol ynucl eotW@del@at encode a protein, or it can encode bi FCHBHSLA6I06 active
RNA, such as antisene RNA or a ribozyne. Thus, the coding ponnucIeotide
can encode a gene _conferring, for example, _ resist ﬁ%PﬁE’OXIn

hor mone ( sorstueds ap EpttEd do dreofibrdfmeniprtdorth Agring dPH@F%Fw sex
hor nones, Po@f&&%sgﬁét't&@tdﬁ&%ﬁ& WIRTHERAGSY %H%hﬁb%@e Sau@ hnﬁsm%pcdﬂ%fmeer ons,

i nterl euk? ho |ne%@@ a cell surface bound intracel
S|gnaI|ngsmnnpé¢§H9@E%ﬂ§§ﬂ6§¢ﬂﬂ HediedH- nol ecul es and hornone receptors,
and factors pronmoting a given lineage of differentiation, or any other
transgene with known sequence. The expression cassette containing the
transgene should be incorporated i ;gﬁdgenetic vector suitable for
delivering the transgene to the cel ing on the desired end 25
application, any such vector can be so enployed to genetically nodify the
cells (e.g., plasmds, naked DNA, viruses such as adenovirus,

adeno- associ at ed vi rus, herpeSV|rus Ient|V|rus paplllonHV|rus

r et r ovsr uGzsmpletl ¢ Hemalgpy », ipase ¢raved elpmay 81:xpressmn
cassette within such vectors can be enpl oyed, nmany of which are well known
in the art, s S [ h (o} The
desired vé%t or St ]}@ %%¥ @e‘%gtg%rgng%aél %ASQ%E& Eﬁg gﬁFHr?t 1?18%15%52 t he
vect or i nidesckibal hﬁtﬂ&,patmht albplmaimngﬁwaél@éﬁ?,yf‘ﬂddnbum 291 h0%fthe caiintapl e

t echni ques .i.ncl ude pro | cal h i

gene. qun. WHSCET GOPARIOY el S 1o o PRUOCRRRS 0L Be e e b6 2001
2 1 SEP 2Q@éribed $bbis/SBLEN), dmat hesadipbtigesdese IiSolZwEdi ﬁmaﬂlposeamsﬁnerenmeeﬂ in
conbi nation with any known techni que of . tissue, i.nee g but
not |ilfit &y IERSPSQGHB% é“’tg@@’h?FGP@ﬂlge@%g%%‘?"F%ﬁ Prﬁv‘B%\ n&ﬁggy &?gﬁ?lg ons

ci ted i n thgy 6¢)f ad €197y Giah @ sdprak | ugfea@p&éy&s it @b stiNgral-

5,902, 741 and 863 31 to Advanced Ti ssue SC|en I nc &gj#?g but
not | i nit edscnlsr faction wereapyuseensesl ngDYEH! fhigh slpcess 3 Epciiay rzgmle 84 1ie%ho0)
Vascul ari ezie r d Byl 15h0BrRRs/FE R,
Fabrlcatlgﬁq? ﬁﬁ@_a?&&ﬁ&@&ﬁﬂ aggﬁhlzhs%&ﬂnégﬁggopﬁ%acantl et ZI 6/ 2/ 98)

Thr ee D| meeachi dnbd wGlismf@Li’é vedlaflato (180 adArell).nThercels warstiben wagef &0 €37 f"ﬁr@%@lum ng
Vascu Ak ]Eﬂ@,ﬁ.? 21/ 98)
Par en Z(?(SI "E%]I (g!c g eeé?cl SeHiE%veg%lr (%%%%ﬁ%e ch ssﬁgs or @Ejlug%sgfgél on;
U. S. Pat ent pdﬁ@d cﬁ‘ uf)% ssaays ﬂ:ﬂoevfaganmal pleting. . Cely mg@vespd)@egrmiaﬁ%m
Synthetic#P YTer E#Er M%t 1 t ontaining Chondrocyte For In Vivo

| orfissptioR reey 19 dieretiien hn iR

Pr oducti o ROET ure;: U.S. Patent No.

Human adipose tissue-derived stromal cells are tested for hematopoietic

differentiation based on a bone marrow repopulation assay. Immunodeficient 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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5,804,178, Vacanti et al. (9/8/98) Inplantation O Cell Matrix Structure
Adj acent Mesentery, Orentum O Peritoneum Tissue; U S. Patent No. 5, 770,
417, Vacanti et al. (6/23/98) Three- Dinensional Fibrous &daffmI2e04

Cont ai ni ng WOw#eIed Cel |l s For Producing Vascul arized Ti $04S480616% Vi vo;

U S. Patent No 5,770,193, Vacanti et al. (6/ 23/ 98) Preparation of Three-
D mensi onal . rous .Scaf.fold F A tachj To P oduo Vascul ari zed

Ti ssue |nf@x‘7?%1 S e éﬁ Y@%%tn"df‘ﬁ‘ai’f”tﬁ“ Tig T i"Pi‘lzo/ 98)
Ti ssue FOhﬁWdoﬁiéﬁl fd3\huiviah Bethhtogbidic (ﬁnlniarlféed incteding, bﬁohutﬁxmmd‘n'h,amhyﬁemcdnn Vi vo;
U. S. Patent . 5,516,532, At I 14/9 | nj bl e

| mmnogenm?ﬂ@é}f ﬁzﬂag@ ocl ek h?@ﬁ?ﬁﬂ%@ oBaBhihey @Igoﬁ%afo 20
Vacanti ety alery ($hop&ent gﬂfn@@r héthl Rinkddi@ietit! eRPbe hihss Y@ s ke Pat ent
No. 5,041, 138) Vacgérnlrl(:%)ln%1'5.%l al . %&%0/91) Neom)r(ghogeney s O Cartilage In
Vi vo Fbonpdeinlis deFmined. Iy @nlmwt bogs. MBTQYD PO Apfcen\ QMR Aeqipient majce are
(2/22/00) 4 tass% fdeVdlL FabdoiRMBRs4LI oOns;

U S Paten&& k%&dgﬁe%gjeg%gqma?g%t?ﬁ%%ggf S/ Sg ; Tlh‘;sueﬂ'01 Eng?%eéered
Tendons Aftedei gfadienmtilits: SretipichrioseNoolosy; b3%d 6@&3/8 Ke fplle taren lanal{zpd 1@4196) 25

Preparatign Of ssue i val .en B £ acti ox . | | agen Gel Layered
on A Col f %ﬁb& Og%l acterét dﬁ%%%?%ﬁ%kge%%%ﬁél raek et al.
(9/1/92) AI gi nate Gel s; US. Patent No. 5,944,754, Vacanti (8/31/99)

Ti ssue Re-Surfacing Wth Hydrogel Cell Conpositions; U S. Patent No.

5,723,.331,. Tubn et al. |t.| air
Arti c&ﬁar Bear t FFRgR2 cfsé?lf %ﬁ%ﬁﬂ@@ua@%ﬁ:&? e %Eubf% g%%

Si ttinger agipogdtderitekiléton@ belRr isdlhted iral vidho asiseting t«hthlaoﬁlahdmrdeaanbedﬁahﬁwact i on
And The Use Thereof The resent nvention .n escri e fully
oy et B A Gl 68 PRy i g POTRRAYD B i SrToaee BiiBORRBEE | 1

many di ff ef MmO gﬁdoséhﬁléhﬂ atailiey 1672fthl Soting Qerm\390 Lhiek Haibryo

PCT/ USO1/ 06106 construed a imted to the enpodi nents set. forth herein;

rather, t ﬁé%@teﬂ%@éﬂ%ﬂ?%atayec dredly i gk Bargestadny PR ERT S figestipn PRPT 1° pe

t horo gh ﬁgﬁ’énﬁkﬁ;i gRgaW 11 fully convey the scope of the invention to
t hose Skl| réhl nt aarnt IIIEXAI\/PLES " 5 Exanple 1 - Hematopoietic

Commi t ment by QQMJQ@ %é£ ﬁ&ﬁ&ﬁ@@lplﬂﬁﬂane%rﬁ@he&bﬁ&e& m&:&&mhcmé bt are

i sol ated from human adi pose tisSue according to the nmethods described in

U.S. pat etfelloaypg mghﬂpmhem@m@pmmcr}pmeew@aﬂ%ﬁﬁwz@e im the gvqnt pba aeent s of

gpmha;g QLRI ROK B Bk Pich S SRR EhpafbiftoltFloRd SibfialBdlhs ateifthb ol e ¢
remp1ent whether as an autologous or allogeneic transplantation, following any event such as

20  chemotherapy or irradiation that severely compromises bone marrow function and immune
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 géstion prior to differentiation/implantation.
20



descri bed above. Briefly, human preadi pocytes were isolated from adi pose
ti ssue renoved 10 by |iposuction surgery according to the procedures
previ ously described by Rodbell and Hauner (Rodbell (1287$tRadePt(1974);:
Hauner, supvapi/62Pieadi pocytes fromthe stromal - vascul ar PCTASI/GMWewer e
resuspended in DMEM (high glucose) media containing 10%fetal bovine
serum 5% chi ck_ enbryo a nd anti bi otics and I at e t. 25,.000
cells/well in S8 ﬁreotFa“Fﬁ %ﬁmt%%@fceaﬁ@el%w systegt af GG RS O o
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to 5 days hab:rﬂmw ip (Pxiyeen; i anpsthesiat is faaintagard by ipsarpuseyas fgeptipy of t@rwlsg &f EDTA
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tissue- derlve stro S are tes enmat opol etic rentlatlon
based dn altofsldreh 2dwSrepdpeisian isgnadeds gheyscalp P-rmmdator@lm tbé bregma.S@ Dlror 20
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split dose an al ne ter a
Hemat opoi aificell gedpkisidor @000 ecllskpen ﬁl)rmugmedtsﬁrmlga)m @ab0-madwse perdiisol the ed at

quantities of ap | | 1s anspl.a tic ,cells
of murine YR P %ﬁ‘ﬁé%ﬁ?@\kﬁ 5%%‘”%% %F@PP ’r?sﬁ“tup‘%e‘i 5e iitran
origin (1Gfe M@smmlwmp&ehloshp aed eo weéldisoduﬁxﬁﬂs bRtcRibbhigedByCiRtrddrdiour s
follow ng 25 the |ethal _irradi atjon in ectlonthrouhthetall ve|n or

r et r o- ¥ bineslision fojlowine deen popsihssip M#héy opRrANML k e%%ﬁalrsmsclé? cQld HRS, 3% 9<ed
Wi th the gyl pheRBhABYNAL | Gnd qhéns 1@% %uaa;el O TRS -brRRP 'R (RGN ﬂ,¥

prior to transpl antatlon into a i rradi at ed host ani nmal
detern1nelam@mdbepﬂkmnﬁnﬂeéGp%%éwbwhﬁmﬁs@Hﬁ e preficpeel of haman geng matliesellender

T o00 Y& diiBay 2PPASSLR of Gtiled YRUBE PUBIR IR Mk 3R BLFRART O™
reci pi ent dff¢ramtiation roid seipraiondd demnﬁinodzvbwyﬂlmnmpmagh ari\ébc;iﬁq:eetom ting peld:i fic
TonoE| e kb5 L oA SRELSE o Sl PG WA D

( macr ophaggrah@deliie kin besdodlsiddded) ( H 2K hunan mar ker) . The per cent age of
total peripheral henmatopoietic cells of human versus nmurine 5 origin is
determned. In simlar studies, bone marrow and spleen fromrecipient mce
are harvested and subjected to in vitro clonogenic assays for specific
hemat opoi e8.i c Ishnmalgea]s arél' hmmdsfruﬁhi hﬁnaﬂ adipaxe ttmiehydcoﬂhigubﬁ)ae ietvidmy based

apect 11 c IFEHEnE Lo e pLoE e R ARG BT R B PO AorRg . clual
human pat i18e théhdds Gbs%hﬁéii Awsvé.i mné hr@RuIMAEd 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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adi pose-derived stromal cells isolated in vitro according tot he nethods
descri bed above. The cells are cultured as primary cultures for a period
of up to 5 days following initial plating in DVEM (high oo} wesgms nedi a
cont ai ni ng WOWA®dal bovine serum 5% chick enbryo extr ae/usanes106
antibiotics at 37C. Cells are harvested by tryp5| n/ EDTA di gestion prior to
15 differ m;
Wit h hemat BHot et e ar vt ‘ : h
chenot her apy, or cryopreserved for future use in the event of an acute

medi cal nelbthrdmedRepsir ¢ : poAdtictNeevane Sygiere jurySt romal cel | s
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cytonetric net hods Astro nm t'ment Human Adi pose

Ti ssue- Dereiusg Bi%dwﬂdbowepilﬂé SETURY, DSGIP@N-‘BI stpekls) 8.1amd |251e¢m1é@bﬂianohm W@ﬁan
adi pose t'éﬁty&z%%ﬂk&hﬁ%&&Mﬁaﬁ%ﬂ%ﬂ&buﬁﬁgﬁﬁ@d above. The cells are

cultured as primary cultures for erio to 5 days foIIovmng

initia platln 8?%?) dto hlgh
gl ucosie 30 ne Ie%l@ggen al ni ng%qg}C§ e e#\gl \%ﬁ{ﬁgr}’gérruma%% mhtm Br%tﬁé
extract, abdlsaareithénoplated oat tiBve GilturdCplabti substrdtacosisd edthby.1%r starile HeRBE A
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system of digsstidad itdiuestion rpribe to rdszéraitauorbmmqﬁidmbg.e QEllsSEehdvdgRdods Rude
rats are anesthetized.in a se& eﬂ chanber |g]gqt3% hal ot hapne i n, oxygen;
e nf

anest hesi SYPREEHER YL SREE $51 2 WP%‘?IheF 15 Aiggpted don) ogm diamelsy| oz ne

and 601510/ dagteBblokiodl AEbMesucl AR I dRES ma£ §ohbANSl By £ @f tidfm® LopkiaY IoF
apparatus in a 5 clean field, A 2-to-5-mm.incision is nmade in the scalp 2

mm | at er al PMEM Feth glegons) medisupit 1w élufaém??a’éf@ withophpyThate contaimingat®eal to
the bregmeem tdiiue é@ﬁﬂi,alb%jﬁév&}bbm cﬁ%@ﬁﬁﬂ gﬁ& ﬁﬁc)feoglge Hog:ks @(gntﬁ)‘? Hcdﬁgﬁ peRgi on

(10,000 cells is Iinjected slowy over O-mnute period’into the
striatum alelauﬁep&t ﬁemalmmgedrﬁqﬂﬁm ﬁwmnﬂame gﬂl aggeeghtes fomm; msvmmd i s
sutured cl,g k@ ‘gm{ﬁ%'oﬁﬁﬁl %ﬂw@lqnécﬁ)ﬁmaﬁfbﬁ)gdtﬁ)t&ongﬁ b%si ¢

Ani mal s are eut han ze Intr

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 celle are maintained in the all frans retinoic acid supplemented medium on day 6. On
‘day 8 after passage, the eeﬂs 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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10 perfusion follow ng deep anesthesia with xylozine and ketam ne, using
ice cold PBS, 3% buffered paraforml dehyde, and then 10% sucrose. The
brains are examnmined by imunohistochenmistry and in situ2nhyISEPdlati on for
t he presencEoof/si9man gene markers (Alu fragment) and exgerasei/asmsof cel |

| i neage specific markers. Evidence of human cell survival,

differentiation, and nmigration is deternm ned by this ach.
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Cogni tive nmet abolic function of the central nervous system are
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transpl ant c%Bél{?ﬁo Q! b sr@%@e CN%%%(%al aﬁ”g}e”&ﬁﬁﬁ&d""bﬁd‘ thed Hi&es ge%ﬁrﬁlﬂie@g

enzynes desi gne to | I on, such as dopam ne net
enzynes i rinstdsieglcailsefom fevﬁamdei ofslomiiag tﬁlmasuqmarcellu ssdd@@twiplpnsab ol d itk 0

particy a ord 1 2.1 SEP SO /.06 anpl e
B Neubondleelii e neoty enhvd, GoF Hitshsrfon oo i v roBaR o

| nproved Rﬂiga‘ﬂdhdﬁmﬂte Fepenifid piafkersRackH ve rnt ndst acfﬁmaelyr;&tdlenomdﬁousqmm‘ayls tcelh

I njury. Stromal Ié%a?félsolat d fr ﬁé t ti sue dllr‘f’q

an i ndi vi off&F Pr € 67l Aoy, srrst Bgsé‘ ‘{r seﬁf’ %"l to a
hi st oconpagyriig; scEE Rhdbdh, @E&Praﬁiﬂﬂﬁuroﬁalt fich Bg viehbosshessig) héi@@h qieefﬁe The
cells are cultured, as prinmary ‘cul tures for_a per.i

fol | owi ng qugiets REptei, NewNg Colpcalization ofthe 4N AVt 3%5@{1“%?89 smc}ﬁoc IEEFiP‘E DVEM

(high g&&saaéﬁ%sheﬁcevmfkﬂox&mgmfe?eﬁhmnbut wi t hout pyruvate, containing
10%fetal ovine serum 10% newborn calf serum nucl eoside stocks, 0.1 nmM

2- mer capt oet hanQlema4089, the isolated adipose tissue derived stromal cells are cultured as primary
cultures for a period of up to 5 days following initial plating in 2 medium composed of, but
not Hﬁlited 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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units/m of |eukema inhibitory factor and antibiotics at 37 C. 10 . Cells
are harvested by trypsi nfEDTA digestion prior to P
differentiation/inplantation. Cells are then plated on ti%guSeE caqﬁ{’ure
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retinoic acid supplenented nediumon day 6. On day 8 after passage, the
cells are ready for evaluation and use in the treatnment of a spinal or
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culture digh tgushanedaikdatiisssed Fehd UhRatla8B6R HQudheokdife do D iduRlae for
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| . (1999) Nat ‘Med. 5(12):1410-1412).. The th j i_nal i nj

moiel (1 hor o BApers GispRtG ey S s SRR a e Sida ikl
gram rod g;_aﬁyiﬁgmt iandgent doetier nald iﬂtg)rZﬁ-liﬂm p@ﬁeiﬁ-hﬁ»kﬁiaﬁ&(—bpdqyasﬁﬁﬁ(t@e?t hio 3
I Njury, adl pose ILSsue- lve ona e es appr oxi mat.e -
ceJI I sgl ar é‘cg‘fataq{éﬁ‘%@eé‘ﬁ?%gl?ﬁq’gﬁe@ﬁ? t%i : %ﬁﬁ%ﬁ@?ﬁw&@&zﬁgﬁeﬂ%@f@eﬁon
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controls are ) ) .
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

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
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injected with an equival ent volunme of nedia alone (no cells). Beginning on
the day of transplantation, rats receive cyclosporine daily (10 /kg) to
prevent rejection. Hindlinmb 10 motor function is assessed Bals&8P he
Basso- Beat tWe-0Bs®@esnahan Loconotor Rating Scale in the redrsusovesioEa 6 week
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serum and anti biotics. The cells are then treated with antioxidants such as
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chain reaction or northern 23 2 7 SEP 2004 WD 01162901 PCTI US01/ 06106 bl ot
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tr KA usi nghatirthé rvdyticar is odti Yobeldiheied i tdehe epgeint smbodimpite | diglosedc pad ¢rak a of
differentiation include the formation of a contracted multipolar cell body
w t h menbmesdificationdrand eslser lendbediehts w2« hreasied 6s bé éatlidad withib thgrsosehofcthae- | | ke
termni and fil opodial extensions, the ability of such cells to generate
and appended claims. Although specific terms are employed herein, they are used in a generic

20  and descriptive sense only and not for purposes of limitation.

25



mai ntain an action potential consistent with neuronal signal transm ssion,
and the ability to express receptors and uptake systens for known
neurotransmtters, such as the glutamate. Exanple 4 - Hepat Ocy??aSEP &
Comm tment by Human Adi pose Tissue-Derived Stromal Cells A Str I e%OP
are isolated from human adi pose tissue according to the nethods 10
described in "Mthods and Conposition for the Differentiation of Human

Pr eadi pocy@ewéto Adi pocytes" Serial Nunber 09/240,029, Filed January 29,
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and Conposi ti orthit@trhatsfaﬁa&efnfsebﬁsﬁdnattypmdqiosélﬁ{m&rs 24 WO 01/62901 27 SEP
2004 PCT/ USO / 06106 Preadi pocytes i1 nto Adi pocytes” Serial Nunber

09/ 240, 029, Filed January 29, 1999, and u5|ng the nodifications |listed
A % el Rpfaudi bl st R ol LU B3 O bDRAI A BleiRsl g

daysfollovvlnglnl A edramcd

DVEM (hi gh gl uess ehe Imdliaateﬁﬁtiti af ai MgirddY dstloglialp @Y inemaioivic H¥esiiosKor
enbryg extract, and antjbiotics 5 at 370 C. _Cells will be harvested by
t rypsiRl EDTA dqe@@g:t cpeélnmpwh@h at deast one non-endogenous nucleic acid sequence has been

introduced into the cell.

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.
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differentiationlinplantation. Stromal cells will be introduced into the
spl een, circulation, and/or peritoneumof a patient suffering from
degenerative |iver diseases of any origin, secondary to viral i#&ffe%kR 8i4
toxin ingestion, or inborn netabolic errors. \Werever possible,

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

i npl ant t cells. |l s genetically,engineered . wt enes encodj n
enzymes desi gnel_&set 8?%51&05 etISﬁB‘fJa‘fei”(‘,’_gq o I’In\éMB‘é@Iau FHRESS e?ﬁpfre@gr?%‘?e
to particul ar diaREResSe oﬂ@'l'y.‘égd’&ddeil' PAthORAnAIsuRL bex nféﬁifb@ﬂfeﬂ?fb}slmgfovtiﬂ?

invention. will conme to mnd to one 15 skilled in the art to which this

i nvention pert diepatichimetingp miapabientef i t of the teachings presented in the
foregoi ng descriptions and the associ ated drawi ngs. Therefore, it is to be
understood that the invention is not to be l[imted to the specific

enbodi gent1g, di saliesefl adipdsé Nkue ABAVdd SREMONSCIBN ddichE Ito CHPRAsE "R NIeBstabfe
intended to be included within the scope of the appended clainms. Although

speci fic terns ARECEHMIOY 2hdewpiepoicHeypmgenitpsegeli nfos  ghenepangfachge apfi 2
descriptive se . . S | i.mtatiqn. 25 2 7 SEP 2004
CLAIMS 1. An ig% dé‘?%ﬁdéﬁ ég‘%}g‘é‘g g&téﬁetﬁ&%‘go?‘%\scefgﬂéstforn&%lp%](é:lé I that has been
i nduced to express at |east one characteristic of a neuronal cell. 5 2. An

i sol ated adi pose tissue derjved stronmal, cell that has been, induced to
express atll-| eddt m@H@Hc oty é’é@’égf@ﬁlﬁﬁn%fls%lﬁteés?ﬁhaaﬁ dissueafgrived strgmals 6plls ed

adi posg tissue dalNed: SifiRedid ¢ e ] rzf%‘% 10
| east one charact glrnl sgig ofgg;hheﬁ%dtt%%gﬁﬁagﬁgﬁg%rﬁeggﬁsﬁg %@S?&H n i Esugr?gdt ed
adi pose ti ssue sdilrdelle th mediomadonyelsingt deatm hababhesbryondestectt 0 express at

| east one characteristic of a hepatic cell. 15 5. An isol ated adi pose

ti ssue derived stromal cell that has been dedifferentiated such that it

has an absgnce Qf mpRAOEYPIdEdidRIRARGITREHNSES - adiposBn ikl REOE adioRpS ecdilsSSue
derived stronmal cell that has been induced to express at |east one

charact eri sti c compasmgupleting saiddzolaed pdiposedissireden wdatremiat cgllsoy @rdensity, obr

20 hepatic cell i I S ngn-endogenous nucl ei.c_acid seguence
has bggn i nt roaghg)ggg%tﬁg’oﬁoﬁée@eﬁo?@. c%gs{acn&f mgﬁ lﬂlcé%ﬁtgfgeaalgd‘fe 558
derived stronalcotfrisirielipéerivasiif denst QbLRethobad s@¥REEHEmahe kRAB coMiing of:
characteristic of a neuronal cell for the manufacture of a )

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.
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25 nedi canent for treating a neurological disorder 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 tRe SEP 2004
manuf acture of a nedicanment for treating a neurol ogical disorder in a
host. 30 26 2 7 SEP 2004 9. Use of adipose tissue derived stromal cells

i nduced tq_.express east. o characteri.sti.c Qf a hepatic cell for the

mnuf act urld: of eredredfEdtinr b 12n6e b HiToR spdedor eRe ORI SHopA PR . 5
10. Use of adi pasRoltedstin dplehiieslipdseii®le. cel | s induced to express at |east
one characteristic of a hematopoietic progenitor cell for the manufacture

of a nedicanent for inproving hematopoietic function in a patient. 11. A
met hod for, dedi-fferentiating j at adi pose.tissue-derived stromal cells
10 compr i 9ng: edveiiyd St LETardd, ArsBiSid WS R el cel 1 5
and ingubating said cells in nmediumconprising serumand an enbryonic
extract. 12. A nethod for dedifferentiating isolated adi pose tissue-derived

stromal cdi’t s, Thesngshedeirdainpl Gitwhegeis seid fetalradf ssrum dn prossat i spidimedian ste
stromal cells ?%n&:ﬂ%ﬂf*&yﬂﬁLtFF ﬁﬁﬁ&géﬁﬁately 1,000 to 500,000 cells/cn?
cells u

and i ncubating ST d I n nedl conprising i) serum ii) at |east one
conpound sel ected fromthe group consisting of: growh factors, hornones,

cyt oki nes gnd serum factors; and iii) aptionally, an enbryonic_extract. 20
13. A net H8d f oreimd ng%lﬁli'éafl*&f%s%léif?fé]s@ffﬁ%{aéiﬁéﬁn&@w s34 gisdiung at |
to diﬁberentiaggmnggﬁgmgngg&kmpgigp@gagaﬁpchynal | i neage, conprising:

plati ng said isolated adi pose tissue-derived stromal cells and incubating
said cells in nediumconprising i) serum ii) at |east one conpound

sel ected from the grpu onsi sti of ;. growt.h .factors, hornones, . c i nes
and serunﬂPactéﬂffggﬁﬂypfF*ﬂﬁﬁﬁeﬁgﬁ§dﬁ%g”@???ﬁ@ﬁ?“ 'mﬂianHﬁ‘ﬁ@Phbayé&ﬁ
claim1l, 12, GmbkonidbarRt Hf §idkdnadi pose-derived stromal cells are human.

30 27 2 7 SEP 200% 15. The nethod of claim 11, 12, or 13, wherein said
adi pose tissue-derived stronmal cells

15 20.  The method of claim 19, wherein said concentration of embryonic extract of chicken

is about 5 to 15 percent.

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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are isolated fromonental adipose tissue. 16. The method of claim 11, 12,
or 13, wherein said serumis fetal calf serum5 17. The nethod of 7cdep pyol6.
wherein said fetal calf serumis present in said mediumat a concentration
of about 1 to 30 percent. 18. The nethod of claim 17, wherein said fetal
calf serumis present in a said mediumat 10 a concentration of about 3 to

10 percent. 19, The d. of erein s d medi
cont ai ns ééout The rget ggé@? g‘i‘\ Q’t“r%’é‘fa @O%SWV\Q Sﬁfglaé(‘)‘ IsrRee WB@FF(‘}d of
claim19, wher %O&mgh%&@_centratl on of enbryonic extract of chicken is

about 5 to 15 percent. 21. The nmethod of claim 12 or 13, wherein said
gromh factor is selected fromthe group consisting of. EG-, aFG-, bFGF,

N BN 2615 TR RISATRRD PSRty i Bt RSP (et

, c-kig ligand/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,  iZAsul inhemaopaisti ¢ail prpdiused pesording s themesthabofxdainmhe et hod of
claim 13, wherein said cell of non-nesenchynmal |ineage is selected from
the group consisting of hematopoietic cells and neuronal cells. 24. The

met hod of 2¢| ai M A&wondl egleprvdaeddhepbrdirgdo cied nsthad ef clapaBe of introduction
into a 30 mammalian subject. 28 2 7 SEP 2004 25. The nethod of claim 24,
wherei n said adi pose-derived stromal cells are isolated fromsaid subject.
26. A4pl eygi po

27, A Bematopor cpu b SR ol MR bl e Usp e e ed pfhatls,
A neuronal cell produced according to the nmethod of claim 13. 10 29. A

pl euri potent stem cell ener at i sol at ed ose tis d.

D roml oo s° Aase Rt AREGRIART Pelt A s S eame BB Broreh hRak hy ifting

| i neage obt ai neghihivd &Hﬂiob@glssﬁé&érﬁzteﬁdstﬁﬁﬁﬂo&?lstit% URnSiey 'o\feﬂ0§(§ rt@”ﬁjoﬁl}?)' I's
at a density of 1,000 to 500,000 cells/cn2 and incubdting said cells in

medi um conpr i s|cn]@/@gr and mngbaimgegmdrgal)lmm medium comprising serum and an embryomc

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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15 extract; for the manufacture of a nedicanment for introduction into a
subj ectwherein cells of the desired type are typically present at
corresponding site in a normal subject. 31. The use of clai m3(?,7\;858rm
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. 30 34. The use of claim 30, wherein said subject
Is mammal i;gn. g yued BPURE 36] wﬁér@ih%faoceux\’af‘e’ &g?blé%k*q tﬁ%n'fbg i RAous36-
Use of cells of claim?29 tor the manufacture a nedi canent r 1 nmproving
hemat opoi esi s iimfusiopati ent. 29 2 7 SEP 2004 37. The use of claim 36,
wherein said cells are capable of adm nistration by intravenous i nfusion.
5 38. The use of claim36, wherein said cell is transiently or stably

transfgcteg w tihegke bLARM 3Q etk 58H Gl T FarSRANE BE RablF FrandB@ U 8thQk 1G5@1 M
d | or othefr vehicle containing

36, wherein said cell is infected wth a vira
at | east one destnederurcidsiequence.d sequence to be introduced into said cell.
10 40. A dedifferentiated, isolated, adipose tissue derived stronmal cell
capabl e of being induced to express at |east one characteristic of a
non- adi poge. ti gHee vdelof \CRAMCSS, | wheddin A b&D iAiTected wRBSL viraB 5t OtHEE vekRI:
stromal cell that has been induced to express at 15 |east one i
char act eri st i c cortamingfrleashpnedasired qucleip agid spaysnes wrboiniedycad mmie said gall.
adi posg tissue derived stromal cell that has been induced to express at
| east one characteristic of an astroglial cell in conbination with a
phar maceutdiocal 14 dadiffepinsibied, isatatdderadipofe 4issueAdarivep Groinabrell Rapabla off baég: an
adi pose tissue deriyed stroma] cell that has heen induced tq express at
| east one char é’é‘f‘@FﬁlE{?’@f%ﬁ ablepd RRE Shsrdestic s agendpPse HSS“ES%Y‘?S’aCteﬁon with
a pharmaceutically acceptable carrier. 25 44. A conposition that includes
an adi pose tissue derived stromal cell that has been

41.  An isolated adipose tissue derived stromal cell that has been induced 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

30



i nduced to express at |east one characteristic of a neuronal, astroglial,
hemat opoi etic, or hepatic derived cell wherein at | east one non-endogenous
nucl ei ¢ aci d sequence has been introduced into the stromal cell] $&°
conbination with a pharnmaceutically acceptable carrier. 30 30 2 7 SEP 2004
46. An isol ated adi pose tissue derived stromal cell that has been induced
to express at |east one characteristic of an astroglial cell in a tw or
three di nensional franework suitable for inplantation into a host. 5 47.
An i 5ol at ofy ad BORGId B0 IS HerRVel SRaF 841l ukf by DS REGRA BIUGRES L
express at |east one characteristic of a hematopoietic progenitolf ce in
a two or three leadi oenchaparddristic affemastioglial tdbine fwar o thyek aihedsiaral fratnewark
host. 10 48. An iéﬁl ted gglifap.ose ti gsue derived stromal cell that has been
i nduced to expri8dadlgfor impianfatigRdnte@iostet erj stic of a hepatic cell in a two
or threge dinensional framework suitable for inplantation into a host. 31

47.  An isolated adipose tissue derived siromal cell that has been induced to express at
least one characteristic of a hematopoietic progenitor cell in a two or three

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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