PLEURXPOTENT STEM CELLS GENERATED FROM ADI POSE TI SSUE- DERXVED STROVAL
CELLS AND USES THERECF 5 FIELD OF THE | NVENTI ON The invention is in the
area of pleuripotent stemcells generated from adi pose tissue- derived
stromal cells -and uses thereof. In particular, the invention includes

i sol ated adi pose tissue derived stromal cells that have been induced to
express at le %_1} ypic__characteristic of a _neuronal, astroglial,
henat opoi et i Jﬁgg‘gﬁ%?%r %&%GEQERA%FE@M APAROSEISBYE- i ncl udes
an isol ated adi pocyt ®¥ SHROMATy CELLSAND USES TRERERXSs peen
dedifferentiated such that there is an absence of adi pocyte phenotypic

- markers. BACKGROUND OF THE I NVENTION A stemcell nust neet the foll ow ng
criteria: (1) ability of a clonal stemcell population to self-renew, (2)
ability of a clonal stemcell population to generate a new, 15 termnally
differentiated cell type in vitro; (3) Ability of a clonal stemcell

popul ation to replace an absent termnally differentiated cell population
when transplanted into an animal depleted of its own natural cells. The
neonatal period in human devel opnent is characterized by the presence of
"sten cells with the potential to develop along nultiple differentiation
pat hways. The term nal 20 * qj{f ﬁren&' tion of these cells is determ ned by
cyt oki He and hornonal cues Wi ﬁu@m—%anogenesi s and tissue
architecture. Miurine enbryonic stem (ES) cells have been isolated and
studi ed ext ensTheinyention i ih g RECof Pleuripbté. stdds b8 pENPRENRHE a8ipbsitissud- N
vitro, investigators _have in ucetd ES cell differentjation along multiple

| i neage pg?rh‘(ﬁgfg‘.’mqli?ég%%{sﬁ/\fgﬁ?" - {ihparfiepary g ipyeation weludesdsiaed 9dipasei d, and
adi pocyt egsdubaRlivet sttdmal 4@t havebbdn Mhoed 18 exprS T2t FRMPRGAYE et al.
(1998) Mech Dev, 79:185; O Shea, S. (1999) Anat. Rec. 257:32, " 1999). The ES
cel | s havehaswimistia of 7umsyrannl; pstigplial. Bymaepmictisgbiogeniios onb hepstic cellt ddbni ques
lto ne ;oge SRARES g i n K s T .
(1989?98051%%@189‘2%% 1234E§. aﬁéwg%ietédE%&ggﬁl}JI@%I&gﬁ%gﬁTegc @%‘%g@%%i s "'S’Sne are
i sol at ed, deditigrentiatedsucyibysthem ie gn phsenrceaf fadipoeite pledotypis maders ygot e.  The
progeny of this isolated ES cell can develop into.any and all nurine
tissues in a coordinated manner. 5 Miltipotential stemcells exist in
tissues of the adult organi The best characterized exanple of a "stem
cel " is the hematopoi et®4 RUNDOE TE: INVENTION, { he bone narrow and

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 celis.

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 vifro and in vivo. Using exogenous stimuli ir vitro, investigators

have induced ES cell differentiation along multiple lincage pathways. These pathways
include neuromal, B lineage lymphoid, and adipocytes (Dani et ol (1997) J. Cell Sci.

25  110:1279; Remoncourt ef al. (1998) Mech Dev 79:185; O’Shea, S. (1999) Anat. Rec. 257:32,
1999). The ES cells have been manipulated iz vivo by homologous recombination techniques
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peri pheral blood. Seminal studies by Trentin and col |l eagues (Trentin
(1965) Cardiovasc. Res. Cent. Bull 4:38; Till & McCulloch (1961) Rad.

Res. 14:213) examned lethally irradiated mce. In the absence of
treatnment, these animals died because they failed to 10 replenish their
circulating blood cells; however, transplantation of bone marrow cells from
syngenei ¢ donor aninmals rescued the host animl. The donor cells were
respon5|ble for . repopulati I weal t h
of el egant P&FHAFES éﬁémgﬁﬁgggn (gQ gg%ﬁgp&%%&eph f&%%a inite
number of OnedEY @ﬂemmgmmlﬁpgmtamsome they ete tsanslﬂant@hpmu ﬁrlxlx[zed

regeneratin: each of rent, bl.ood, cel | ages_ in a
host 15 anieHERe Z¥efics %rﬂ{o B%%fsagﬁd%r?je“@a%?sd eYloP B Ay, n%drag‘ﬁf“%mc
transpl antﬁgsh&qmaaodmgﬂmeept ed therapeutic nodality for cancer and

I nborn errors of metabolism Thus, hematopoietic stem cells remain
presentsin nar nghlshetemial Q@ﬁ@elﬁ%kﬁﬁﬂti%ﬁé@&&b@&&hbtg‘a&smt My béxt ehabaterizédri t ed
to the neonat aquperl od. There is exciting new ev?eg nce_t hat herrat%gﬁl etic
pr ogeni t or gxamRie 46t SR el rvisitghemstopgistic RWERHINE Al WFWW‘%

| nvesti gat g{{ﬁ;héljal 166, U9infinkiSdtidiesOby ﬁ%hﬂn%ﬂd aﬁmsgueemt&ﬁagsﬁuc@aa)m&t em

cells, routinely differentiate al o%chneurona cell - |'ineage

pat hvvays MerCavhe&él déﬁ; Jithek MeCullosh| G d?qdmR@HéﬁléDwxmmeédﬁé@%

22\?\,}3 p£ 23’6} Fﬁy‘%@ andgi?sggrrc% %ﬁ%é ?g#;ﬁés?%nson ?5%% ld§ mr%gw "

283: 53%) . fepkaisk ﬂg:atmmﬂatatg hlbal &dly) oweler, trag;plamﬁhmﬁ mnnenmectﬁs foox f or ned

simlar studies, sa II|te ||SISO| scl e
(Jackson Bpsgeic ‘? ’g cyed %ﬁ ?Eehg& omr?ﬁntsl%fvnl%d'%&l ve%iﬁcefm
ver e transghaiflfigianiop theloa’crlilaﬁﬂgvbwdd wﬂs atéﬂdeaﬂth 9 slegdnh etuiliey hatei gpat on so

detected the presence of .th scl e e r rs | al bloo celd .

| i neages. Fou@eiRls that donation o e{}ﬁ‘?‘ s““i“ﬁ’ Efa"z%l eﬁ@?‘”ﬁ‘i&?‘ﬁﬂ Olelig %‘s‘eﬁsés
tissues ea?sﬁé réf%g%ﬁ@re&!gl dack 3p AR iRl orNBsm LaEeés tildoddielll ieaptsiintyd Bzt Thi s
suggest th sites other than 30 the bgne marrow nai/an&row de renewabl e

sour celdf animak Jibisiveark hes peevacrd;the nsis fof hore maweE Fansplantzion. awad eﬁ%ﬁ"“?ﬁ uman

di sease th r I GHAR Sfekic effler
et al. (19%@8%%W%E@o‘g&%{?&%ﬂﬂO&%@ﬁﬁgﬁﬁﬁn th (]115%%) Tr ensc%g]h

Neur osci  2@lI35et)ain Presant in muymabhnmesmaione mizewsbioaghost life; they araeh imited fo
regenerati {ﬂg wn%ta;élc{n gl ated bone nmarrow, bone marrow derived cells are
capabl e of popu I'ng other organ sites. When bone rmarrow derived

hemat opoi eti ¢ apd Stromml, 66/ dfacdbembhi RmRipaRiE frobHiBrsAhay it B imfelt o aN

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

examined newronal stem cells, which routinely differentiate along neuronal cell -lineage
pathways. When these cells weré transplanted intd 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 fransplanted into
lethally irradiated hosts, the investigators detected the presence of the muscle gene markers in
all blood cell Imeages Together, these studies indicate that nenronal and muscle tissues
contain stem cells capable of hematopoietic differentiation. This suggest that sites other than

30 the bone marrow may provide a remewable source of hematopoietic progenitors with
potential application to human disease therapy (Quesenberry et al. (1999) J Newrotrauma
16:661: Scheffler ef al. (1999) Trends Neurosci 22:348; Svendson & Smith (1999) Trends
Neurosci 22:357).



injured liver, they are capable of regenerating hepatic oval cells in the
host animal (Peterse et 5 al. (1999) Science 284:1168). Simlarly, when

| abel ed bone narrow stronal cells are inplanted into the lateral ventricle
of a neonatal nopuse, they were capable of differentiating into mature
astrocytes (Koper et al. (1999) PNAS 96:10711). |ndeed, when bone marrow
stromal cells are transpl anted intraperitoneally into mce, they are

detected t hroug een,

| ung, bone marr]g18 &%%ﬁgnmgart iS&g?aﬂqﬁggﬁﬁ q%%e?%?@% et aﬂﬁﬂ?figg) PNAS
95: pl | 42 mhﬂ@@)bon&'hms-ewslbmdesussmagg@dﬂe oifrapc)ptllaenmtm onganssges. Whendwak cel |
IS capable of di t|n Qli es _d thel, I nal
dermal  or g ‘{9 °p°L c(a‘féﬁg?m I\Wg ﬁ%]?ﬁl giod Jf‘#é%?ec i v&%\’/e oprent
of entire ﬁi‘ﬁadlhﬁf&héy :Qén:@aﬂe ofilegerdniting hepatid ovabeotie msihs thest taninvail (H'etdrdfu )

(Y om ans. 18 (5998 e Dfaha it Rl A RS AHE T PO RLERS B

simlar maghmensd W 88 ladalvestiee rofuasoﬂafapﬂibﬁéaethspﬁvmazabméwmﬁafenﬁMgovar y
coul d develop into a mature nouse. These studies suggest thﬁt stemcells

wi th abil i injo mghag pHerEes (Fepen Pl (1399 13%9 20-10748)- | Inggsds 3hen, fpne,paroy o
exi st in th?%Iﬁgﬂl&Fﬁs 86 4R .nﬁ?‘&? toﬁém X0 infice, %ﬁ%@%@de&ea%@@oﬁteﬁlel ned

t hr oughout Ife o 0 The adul't bone narrow
m cr oenvi r orgaendf thehashanipal; weludiag t@@nm 1mr baniarasrovh hoiss hrtilaga|and slim

nares. W St 2 fiag) PHiay 8otk 100! TMe Mfles Shelektlad e BlndmklBon © Y, P
(MSCs), neisetil keylid cdpalie o kisfﬁ:tem:atmgtmtwluaaagee relgiferere | fromh thead ¢I®n@rddrmgl
studies navEBack e IRAP S SEIUTN < chn 25 di 11 erentiate along
LB, TSN B S, Pl Wl shiELA: ol Shdalt.
e St e s ot
18: 863)5)5 sregméfl@gg?% : FB)’BJC é@p?ﬁp&%@%ﬁé@%% °c§8ﬁ’é“r§a

30- 31: 284- FQrived r@éﬁfixk@utmnn%ﬂﬂié)’& éﬁmaamdﬁ)mtoammaﬁé ﬂﬁalabe’:lS‘l‘ﬁes%O
(Beresford et aI (1992) . Cell Sci. 99:131; Dorheimet_al. (1993) J. Cell

Physi ol . 18#diss saggest hat sienpalls aith abiliseto,differentiate ptgray apdal] eellfyrss|caninug
ability to Jodp e NAE
96: 10711) gﬁ%ﬁﬁg’{g’? it Gl ?ﬁk( REHRfic GEoRAlk ﬁ%ﬁ%@%%ﬁ%%}c%ﬂa ?
284: 1168) immudmdlhbse findi ngs, the bone marrow has been proposed as a

source of 3 _ ) ]
20 The adult bone marrow microenvironment is the potential source for these

hypothetical stem cells, Cells isolated from the adult marrow are referred fo by a variety of

(TJ....'_>

- ... .. ..names, including stromal cells, stromal 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, buf are not
limited to, adipocytes (fat cells) (Gimble ef al. (1990) Eur J. Immuﬁol. 20:379), Chondrocytes .
(Bruder e al. (1994) J. Cell Biochem. 56:283), hematopoietic supporting cells (Pietrangeli et
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 marmrow stromal cells display the ability to differentiate into astrocytes
(Kopen et al.. (1999) PNAS 96:10711) and hepatic oval cells (Petersen ef al. (1999) Science
284:1168). Based on these findings, the bone marrow has been proposed as a source of
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stromal stemcells for regeneration of bone, cartilage, nuscle, adipose
tissue, liver, neuronal, and other tissues. However, extraction of bone
marrow stronmal cells presents a high level of risk and disconfort to the
patient. In contrast, adult human extramedul | ary adi pose tissue-derived
stromal cells represent 5 a strornal stemcell source that can be
harvested routinely wwth mnimal risk or disconfort to the patient.

Pat hol ogi c_ evi dence ests t.hat..adi pose-.derjved o| |'s _are capabl e
of diffe rséfﬂﬂlgﬁ%‘f% ﬁe@%g%ﬁﬁa P %’feb{’lg?’ncé%gagg’péﬁ\é\%a?/ s&#@“ﬁb@ﬂ’cﬂgﬁﬁr‘%ﬁﬁ’ sof t
ti ssue turdsther tisspas Hovenarsextractionalf bpud marovashrquod pels-preskrts a dighdevebof t

tissue tumprs of mxed origin are relatively common. These tunors may
i ncl ude eI%ﬁ?@sfﬂ&%F%%Egaqugsue, muscl e (snooth or 10 skeletal),

cartilage, and/or bone. atients.wth rare condition kn as

progr essi ve oé%8%ﬂ§ﬂﬁﬁ?tg&%@%?&ﬁ?@@ﬁ%@ﬁ@%ﬁ@%ﬁﬁmﬁg?ﬁﬁé?F%?hfgﬁ%PBBﬁﬁifor
unknowy 1 e2gRRal stie GaNiousde Ukt @8n holvevedRienigihsiftweith thiiena pieke of discondfbititd y of
bone marrowderived stromal, _ cells to_undergo neuronal differentiati ?n in

vitro (Wdhepstienkt Pagiologioeidence suggesinhal adipase-desived spramalorils gue: capable o
Sanchez- RajRgcflaih 'alogé qglﬁﬂ;f)lg)ﬁﬂleﬁﬁuﬁﬂvﬂﬂh’ Tk %ﬂ&z:%oltﬂxﬁbﬂ 563P Gisshe tumors,

i nvestigations, treatnent of bone narrow stronal s with antioxidants,
epi der mal liposanedmasf develop fECRlipogyte-lireatals.d fofl, Bisue umass o6 priked pagingre ( BDNF)
i nduced the u 49m i L St ' ronal
differentfg?ﬁgﬁ%a¥&@g?nﬁﬁ% ex?%géggﬁho eﬁg%géggﬁﬁp&%?%%%Q@E%k%%%ﬁ?ﬁgfing I n
gr owt h1{orsksleand cdtibgs cdid/ar pYieodbupaticats with a (26 @oOhditdle knewt he pogresfigs ear ch

61: 364; Sanchez: Ra .et .at. (200 Ne , I ddi tion,
Chese 20 dBSBGH DR WHLaRdRSY RUkeeSi S1E Natt SRUndSinsaie o fein
NeuN. and the RERPLAEAC Adnrnshorr ERE RS bER of B Py Bive skl T M-
(N§00Q|) J Neﬁegi eciz %de%%&%ﬁfgﬁ?l tﬁﬂ‘eﬁoﬁﬁhﬁgﬁaﬂg @hmz(vwmbg sryedt odl (_20(@(991)&}::;&9@90' tnce

urolo ; .S, Paten . 5, 0 (Birjs i i rec 0 an
i sol at eg?/ @ﬁ?ﬁfﬁ{érﬁé&ég’ SeuchezsBamag iebrf’é}'o%oﬁﬁ}’rg‘fpwg%ﬁ%’ﬁ&n%‘&@} enﬁ’cé‘?qsg whi ch
can di {§ ergiisiighignd, MRt dfboné piaRtb® shbRR collf Wit GRGHIINKS chidaBiee glowe. The
pat ent di scloses _a process for isolatin

€ I , purifying, apd greatly
replicati nigctenEBGEF)cer prain derpvgll mghrgtropbicy ?ac;oH @Pﬁi‘é.m P%é] g}ﬁa?eé‘ﬁ to fggdergo

>, 942, 225_15&25‘6715 ¢ YeRE&T danaditht Fiih Herof ARt fmtion, G 0 TRRSxidn§ibn bPlongicagluci ng
| i neage-dire difrerentiation of isolated human nesenchynmal stemcells

e
into a 3(pretessgs terpmatinedin growtheenss and figpodia (Wendburyiga e R2GORLY Naessdarsan
mesenchyma) st . RIG | W;% h18£590S th Ahaitio ids0'
differen??%??gﬁgggg%hémﬁﬂggencﬁﬁ%ﬁ?q%?Q2§%§ S ?ﬁ?o ) : dﬂﬁﬁ
20 agents induced the expression of neuronal specific protein including nestin, neuron-specific
enolase (NSE), neurofilament M (NF-M), NeuN, and the nerve growth factor receptor trkA
(Woodbury ef al. (2000) J Neurascience Research 61:364; Sanchez-Ramos et al. (2000)-£xp

Neurology 164:247

U.S. Patent No. 5,486,359 to Osiris is directed fto an isolafed, 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 diﬁ'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

* asingle particular lineage.



a single particular lineage. 4 U S. Patent No. 5,736,396 to Case Western
descri bes a nethod of inducing ex vivo |ineage-directed differentiation of
i sol ated human nesenchyrmal stemcells which includes contacting the
mesenchyzn.al stemcells with a bioactive factor so as to thereby induce
ex vivo differentiation thereof into a single particular nesenchynal

| i neage. The patent al so describes nethod of treating an individual in
need of mesenc ' bPERASEK M

i ncl udes adm nlh%?{%rblat%}ghﬁ) %6?33%%%%%&?2%&8%@%%?& gflco oé;\ﬁlé% iGil(;)}I(’)l
conpri si nglinsage-dirended dififerentiation exfdéojaied hunasnmesshdhymahsterh dells whisbdnclideduced
to differentiat.e .ex Viv A - hi t] f .

t her eby i n§efEE e%th\%ﬁ\l/egén ?ﬁ%ﬁrseeﬁﬁegg %Ntl)ﬁrélﬁatgp a@tg@c C%%esf) stoi%%%%még%g)?ﬁvg
parti cul ar difesatiatonthdredfiintie agmgle prticulsr mEahcdwyinalNineags, YRSy @ alswdGadiees
West ern_di scl.oges, a conpasi.tion.for .the in vitro .. chondrogenesis of human
Tosenchy et GLaFE AR Lo i Rfed of syl GeIat A G e tymal
chondr ocyt @feagt hattil iURdeideiniSORiROss tah ORdividailubhe SeddS teatbd BotRRition
mesenchymal stemcells _condensed info clqgse proxinmty, as packed cel |
pel | et andcemprisiigdsolziph humanaesy ftera cellggdngh haﬁe*mﬁ%waﬂttﬂ nfigfe The

patent al sg, J88 &k iBRGctavil £6@a%ivE HctdrR04E td@eohP RALQOSNASSH SiftRaliftion of
mesenchymal stemcells by contacting nmesenchyndl stemcells with a

chondr oi ndeishicelds intedesngld partigular sresgnelomiah ingsge.st em cel | s are condensed into
close proximty as a packed cell pellet. U.S Patent No. 5,902,741 to
Advancd@l Ti ssueUScPetaateio. 5,308,784 ite EnasesWestern| disgloaes a eqamnositign frtthe in jitro

qi : ‘ . . ] : L. 4 20
Connoct 1 ve Cidhishesh Wb BFeRaARI biel BOR oBEPNSHER ks Mot ftial '] 10
t o and subeslicadtocpttd therefomewlpph ngnEpsition detudeniselsted erhan hesandhporkstawogiissed of

a bioconpatihle, .ngn-Living.material . f.orpmed.int t hy ee- di nensi.onal
structure ﬁ‘ﬂ@leWSdilﬁPé#og’?ipﬁq‘élgﬁgﬁ%l%@g%eflic g&’&n%tyant%h% 15 {8 fghoncé’ﬂdg&vfhe

pat ent al sageit BirdoameisthereilPDd pitent afo degtibesi agoteesifoe diduting gieondmippidsisi Ny
mesenchymal stem.cells in ol ric carrjer suitahle.for proliferation
Tnd o A or ersprgieb el REUHRRLE el s s il s plfpdigicRgsie

5, 863, 531 hQnt\HV a6 Gheldis Bletstedh icBIBCAS coldifised htBCdIors @Bomityl s b Packddi deling
stromal tissue ' prepared in vitro, conprising stromal cells and connective

tissue prB?l@F-ns naturally secreted by the stromal cells attached to and

substantially envel opi n% a . . . L.
U.S. Patent No. 5,902,741 to Advanced Tissue Sciences, Inc. discloses a living

cartilﬁge tissue prepared in vitro, that includes cartilage-producing stromal cells and
20 connective tissue proteins 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 s_p___aceé 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 vitro, comprising siromal cells and comnective tissue
proteins naturally secreted by the siromal cells aitached 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 connectiye

tissue which includes producing connective tissue in an individual in need thereof by

5



t hr ee- di nensi onal tubul ar framework conposed of a bioconpatible, non-Iliving
material 30 having interstitial spaces bridged by the stromal cells. U S
Patent No. 5,811,094 to GCsiris describes a nmethod of producing a connective
ti ssue which includes producing connective tissue in an individual in need
thereof by 5 adm nistering to said individual a cell preparation containing
human nesenchymal stemcells which is recovered from human bone marrow and

whi ch is subst.ant.ially..f.ree I .1 S %ﬁﬁ-[hﬁgﬁﬁ ,

descri bes qﬁ%ﬁf%fgﬁﬁ#ﬁﬁg&%Fﬁﬁﬂﬁgﬁ%ﬁﬁﬁgﬁ% opgietlcg&g#gh cé%ﬁ%‘%ﬁpvitro
conpri si Ngwhich Buedosiérd frotmlhnmman besenatopnaid véicis subbthatially fike offtdodsi cells.

bemat opoietic stemcells such that at east .sone of the hemat opoi eti c
stem cel | s mai n4.8j Patert [N, 16,050886 desctibgs hemethgdoef, midni@inin2ivormn hidmatofoigtis, 522
describes an irradiated inmmosrtalized human stronmal.cel.l . lipne. in. nmbi ned
Tnovitro CUFR RS dP O, FATPRoMENSE SgTaY s, siestobiel dpm o M5 M g g
and U. S Rahfiholie suBdddls ¥4éh as airlekie Sohel ohthe hematopaieticostem belismpirdd  cel |
i nes that susftain_ hematopoiesis U S. Patent No. 5,827,735 to Mrphogen
descri bes BeiF stemeal predghPpot ent nesenchynal stemcells, which are

substantially free of nultinucleated ogeni.c |i neage- mitted cells, and
V\zi ch arla prgd&ﬁﬁn%%twcét@q%é%ﬁ%%%y&ng%ﬁé?'@é Wﬁ&wgm%ﬁmﬁg? m
cel I s for mpriedephiiasd iWitd SRR 8l hundbhstoyhaR weisacdeiss Wi th nuscle

nmor phogeni c protein in. tissue culture nediumcontaining 10%fetal calf

serum and for mp6eaRBice AN ladd 1S 2PERRMN. NHRYI, THICHRBHIRE Hial CHodE Sfardiat

spont aneously contract when contacted with miscle norphogenic protein and
scar i ihi bsttopralcdidimesthat sustaindwmetopefesitir e wi t h nedi um containing 10% fet al
cal f serum WO 99/94328 descri bes the use of mesenchymal __stemvcells to
treat the cent rlaB. BaenteMNoous.827:33% noaidomherse h dascebésdnugified npleuripotent

differentiatl. o ol B%Elece r&ﬁ%&etshﬂﬁ&ha%ﬁhkéof WeiRGd el thyogefic BreAdeS
descri bes da nesenchymal "negakaryocyte precursor conposition and nethod
of isol at i coguaiBES cellss @od athadh ave tpnedosiantly dtetisgabeped; ovlierain theymesogeiiyamal ng

{1 br obl 4t e aelo 0om g Rreshy SbEpiandly PR e Goma bR stile Mifiobfenc |
Pi t t sbys ghprapth hhesiReganie mediutsh@ntdivinge 169 tistalodalf serum and form predominantly
branched multinucleated structures that spontaneously contract when contacted with muscle
morphogenic protein and scar inhibitory factor in tissue culture with medium containing 10%
fetal calf serum.

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.

S B 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 Pittsburgh 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 ¢an 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
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California discloses adi pose-derived stemcells and lattices substantially
free of adi pocytes and red blood cells and clonal popul ati ons of
connective tissue stemcells. The cells can be enployed, alone or within
bi ol ogi cal | y-conpati bl e conpositions, to generate differentiated 30 tissues
and structures, both in vivo and in vitro. Additionally, the cells can be
expanded and cultured to produce hornones and to provide conditioned
culture nmedia for, supporti t he,. 6 gr.qwt nd ex S|0 r. gell

opul at | ongouth Si, SHRERS oo S Aol o B ot L RBE I ST 81 -

subst ant i ali¢rived BMivednintantaly devoidiof ediis,iwhidhlichhriceosttmentialat nhiatix niatdrial formrat er i al
form adipoge tissue. _The l.attice can,be used as a su rate to facilitate
t he gr owt h34Re¥e BqSFff'eT}é%(tifﬁécfel ity gf’ ved s 2 \ﬁﬁ?’f‘%&mi f?‘;@‘fs""tt/% - BN Wido, into
a 3! agen or dﬂﬁﬁeﬁgﬁiohi&gélﬁ, \Qlietﬁa;r Exilﬁfrclucﬁr&ﬁ Kitrﬁ, iﬁ@aﬁﬁéb@%? Shatel tssiodr sttudileqs e

~adi pose_tissue derived stro cells that, have beep i nduced to ., express at
eact ohe DI RUPYSEn Airsee 10 ot G Al cels b gt pogp maduced o

hemat 0poi etjifess Pt OBER| driR" pheBbtyHIE RikbiabterfBl | ofi 4 nedrBndll hedfoglidl, HasasRIMEic nor
did it disclose an isol ated_ adi pocyt ti ssue-derived stronal_ cell that has

. adi p¢ e
been dedi f Pigenion £ depatigcpll ity PrioRigt docprsentrnos g diclete andsnigglkitirocyte
phenot ypi cumt KaRRd stBmfQAMASE bedli S0kRAGRAEEERAGRt ARG e GORD ARLAdeQRES T OF
differentiating stromal cells form adipose tissue into cells having
ost eobl ast adipgyisphendtaic magkersnet hods for inproving a subject's bone

structure. WO 00/44882 di scloses a nmethod and conposition for inducing
stromall0cel | s W0 98444 rdiselosesi pefbeds tand serapdsitiops oy (differengiating demal cells

pl euri pote S : [ | ' gﬂﬁg i.etic
or bl ood CQ%F‘%@ﬁ%ﬁgéég“ﬁiﬁ@%ﬁ%ﬁﬂﬁﬁﬁﬁggﬁgéB%’%?ﬁ%??% Ifﬁggges, gﬁ auses
t her eof . | tubjest’abgeatmdiéret he present invention to provide new cells and
met hods for therapeutic treatnent, diagnosis, other nedical uses, and
ot her pur poses, WiOh@W/4#88% diselzes e atethotl apd compeeitien fop indeeing|erimad eelliwlprdvada| .
SUMVARY OF_.THE .1 NV T H%- :}t. ' L PG ialﬂﬁ-' ed

adi pose ti ggﬁgﬁgg?ﬁ%(f%gf@l rr%?cn%éﬁiﬁt at%gghbﬁgﬁ%g%gggb toéxg%p??égss at

| east oOfie bamaigmiaticiosblocd cdll lmeapes manatal Hudages, epitheliat lingagds aand yess thereaf.

hemat opoi etic progenitor cell, or a hepatic cell. These cells can be used
t her apeut i cal | yi is; gaalipHihe grseit snvontioalté pywide neva k¢llp and mgthods fop ierapentiseed

t hereof, or _for diﬁgn [ u S h | b gf{ﬁa i E,ﬁﬁi for
exanpl e, i%eagﬁfln ha n%’i%u@?%aﬁ%éagc%sggt% gﬁlgg}ru?pgg?" ?Irl]c ucﬁnrt]%é% phosphat e
buf f er ed splodudion bbddsined hategds. area. Alternatively, the cells can be
admnistered in a

SUMMARY OF THE INVENTION

20 The present inventien includes an isolated adipbse tissue derived stromal cell that has
been induced fo express at least one characteristic of a nenropal cell, an astroglial cell, 2
hematopoietic progenitor cell, or a hepatic cell. These cells can be used therapeutically to
autologously or allogeneically treat a host in need thereof, or for diagnostic purposes. The
cells can be administered, for example, in any pharmaceutically acceptable carrier, including

25  phosphate buffered saling, to the target area. Alternatively, the cells can be administered in a
matrix, lattice, or other materials lending two or three dimensional struciures to form a
structured depo, for example, an implant or a graft. The three dimensional framework can be
biodegradable or nombiodegradable. Examples of biodegradable malerials for use in
administering these cells include alginate, polylactic acid, polyglycolic acid, polylactide-co-

30 glycolide, proteins such as proteoglycans, glycoproteins, -hyaluronins, fibronectins, and
collagens. The cells can be administered, if desired, in combination with another agent such
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matrix, lattice, or other materials lending two or three di nensional
structures to forma structured depo, for exanple, an inplant or a graft.
The three di nensional framework can be bi odegradabl e or nonbi odegradabl e.
Exanpl es of bi odegradable materials for use in admnistering these cells

i ncl ude al gi nate, polylactic acid, polyglycolic acid, polylactide-co 30

gl ycolide, proteins such as proteoglycans, glycoproteins, -hyal uronins,

fibronecti C T . Il ni stere if.desired, in
conbi nat i OE?w;?tﬁﬁg%&? %@qg%%hfhe%ﬁ%%ﬁdb&aé%nggpo | hgéﬂegl}og%?fﬁ%b?tg’c{l?fﬁone’
chemi cal i othacéabigpatpen tarbdliydtabg peptide,ve modidieadigpeut i c, hornmone, ot her cell,

protein, carbohydrate, peptide, or nucleic acid. In a preferred aspect of
the invention, Bta prefdrred@kbpest af the deventiag stantaincalisbare idedved Ukom subenERsOMUS,

gonadal , or_onental adipose tissues apd de-differentiated ipto ful)
Pnet 1 onal TSR BSpRALNE Sl PR B e s P ot
conpl et gl-y plufifég nstedt eelsi Bipable ofitheidgi pirtisllyolor b&dﬂ@ﬁktﬂﬁ' diffedeRGAGE Snto..
neuronal (nervous syst r’rg Ié}gﬁ{? es, astr ?I ial cells,  hepatic cells or
epi t hel i al BFP#{eRQIIC orrhlecd ffeHRTEH, apgen) e ge Sysehbnresss auoehy qofie
i nduced  adiRAs 8ellsl ot SHifheHAlinéBds. Bk hiSveh iR AR GHEVidR Inbetholdf Bf usiieARD nRuceldn

ti ssue repai.r , regener Q.t I on, recons_t ructi on or erJha_ncement_, .
di agnost i cafipgsp, tisgee geidved aealls riberepsulicaliyl (s ereBipleedn SigPist wpaip stegens@tiomd i n

genetic an 1#5%1% ' e | ' Vi
conpositi ogesDB or Hﬁ?gd}%ls]%@g‘%%gﬁ,m gsr actSZ’;L%*zb gb??ag{r?% éo%ﬁ@“%‘?%@%gﬁ%%ﬁesdn of
adul t RQnaand inagestic andtssuelengindoimg.not |inmted to, henatopoietic cells and

neuronal cells; and outlines their use as pleuripotent stemcells for the
treatnment of a THumineention frayideh methodasmd @mpositionsdoihe isoltion rlladitedtates. | n

anot her as . . [ on for inducing.adi pose-tiss

deri ved s%r%{(:)%gfq‘lfegé%%g 0? \é&gi or ,%ns&gg'%f%e@dﬁy a@ﬁ’é} S%ﬁ%ﬁ‘%@%&?& sc‘&?%glos%mhcelhes

non- adi posalohg senendarchyrs hehfes, imiudingXaurplot, lingitedets] haahtopdicicr adlsi @k,
henmat opoi eti c ogeni toor,. or -hepatic,cell, i rovided conpri sing:

cul tur | ng PEBYIR Eelisnend Raliact hGE Hee axcalonpimeiontseahents G e raiment o PRV
def i neds 20 oEMinianr2ad aEidhalidbntiitioks R disesas.| y contains serum and appropri ate
grow h factors, hornones, cytoldnes, serumfactors, enbryonic extracts,
preferably a nom- SRR aGFEDI YO BeCin@opitibACA methdd Mo indbiaf AadjosC RO dagedt O

i nduce specifiag Iinea‘%g differentiate -- -. The nethods, and conpositions of
the i nvent FERa SRyl GRS fwaéﬁ?%%wﬁgs%%fﬁB?I}’Gégfﬁit’és“?rdﬁﬁg‘g‘o e i on of
celI's for bhempld, eptheRBhalOhstisRAN HeRMRLhdibRN froghifok, Uk ﬁqaalaeécen,ofis Providetl t ed

to, blood dyscrasias, cancer, central nervous diseases and trauirg,
peri pher al copisggs culturing isolated adipose tissue-derived stromal cells in a chemically defined

20  colture medium that optionally contains serum and appropriate growth factors, hormones,
cylokines, serum factors, embryonic extracts, preferably a non-human embryonic extract;

and/or chemical compounds to induce specific lineage differentiation;  —-.

The methods and compositions of the invention can be used for autologous and
allogeneic transplantation of celis for the treatment of human conditions, including but not
25  limited to, blood dyscrasias, cancer, central nervous diseases and trauma, peripheral nervous

discases and tranma, liver diseases and trauma, among others.

In addition, the ceils of the present invention can be genetically modified to express a
therapentic gene product. The adipose-derived cells can be genetically mbdiﬁed, e.g., to
expreés exogenous' genes or to repress the éxi)ress-ib-n of endogenous genes. In accordance

30  with this embodiment, the cell is exposed to a gene transfer vector comprising a nucleic acid
including a transgene, such that the nucleic acid is introduced into the cell under conditions

appropriate for the transgene to be expressed within the cell. The transgene generaily is an
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di seases and trauma, |iver diseases and trauma, anong others. In addition,
the cells of the present invention can be genetically nodified to express a
t herapeutic gene product. The adi pose-derived cells can be genetically
nodified, e.g., to express exogenous genes or to repress the expression of
endogenous genes. In accordance 30 with this enbodinment, the cell is
exposed to a gene transfer vector conprising a nucleic aci d including a

transgene, such ceacl d | |
conditionsaqgﬁgrécg%% Qﬁlﬂ&géﬁé&?ggﬁgﬁgﬁﬁ&ﬁﬁ e e g@%@?@ mﬁ%ﬁﬁ%&Pﬁé cell.
The t r ansgEhecaémpepolynugleotideanan Snexp r ge@tinnordbsmetntale Hiologivallyragtive BYA, ng

pol ynucl eot i ge oper a | i L nk d to a suitable pronoter. The coding
pol ynucl eott® é‘s?fglﬁe”g &Y g‘f'zﬁﬂ or it can encode biologically active
RNA, such as antisene RNA or a ri bozyrre DETAI LED DESCRI PTI ON OF THE

JNVENTION- -, 5 The invention provides nethods and corrp05|t|ons for

adi pose tissue-derivedygih DIERIR P T B | east one
characteristic of anoﬂf’o\'&%ﬁg rl ; ferably a
neuronal , astroglial, hepatic or hematopoietic progenitor cell. The cells

producedl by t heThvenmagn provides mpthpdsrand spmpesifiong for adipgser tissueoderivad stramaly or
fully diff |

mul ¢ pl e t PA A REEds ol BAF bnf Ehdckicit 38 LHBARIR s BRI L ron
of tissue prfabber ngqumabdmbghaﬂ,ohepahe of rleatatopoietio fprapenita] celldi Sdgseslls

pref er abl yﬁﬁggﬁnﬁ%iqg? Itt%%?éﬁdds %P mg&%ﬁ%ﬁ Ean n%rgﬁaégso%:ce ?E&%Xl?}p&%ﬂoyf &ﬁ*e&géa%ec{,l ssue

offers a p rnatitv oW as
mul t i pot enfiinadionat reenl h@i:grnch&bétmsbéﬁlmﬁentﬂtmmmsmm nimagfich yforcomesclyl e and

abundant in man |nd| i.du srty-l.s a. con f epidem.c .
propor11?ong““%”?\‘“&ﬁ‘%"’DeJt"’l’i1 %Pﬁ‘?%ts" ré‘g'%eéﬁngfg’d?ﬁ@ tﬁ%&ﬁmntegf@@%ﬂt he
recommndeﬂlséh%jgrélﬁﬂﬂyhﬂﬂﬂi(dls&ﬂvhﬂdﬁb&iﬁép%rﬁﬁﬁoﬁerﬁ&tght and wei ght.

Adi pocytes can be harvested by liposuction on an outpatient basis.

Li posuction is Adipése! ﬁgshyeiﬂermanpdtéﬁﬁaﬁlananmv@c&d%@ Wabldwe s e tshecefofect s,
whi ch are acceptagletothe vast  majority of patieng s, wel |
docunent edmeiinptentipl sEepil stempgells. Adippiedissusts Badily aepssib fﬁﬂ?f}laa dapt MR af t er

surgi cal r GaRYHhIsPYObk4iRAS 4 ebd@ibnUT eﬁidl%fc REFERAY e Urhted Sta&@nwme bar20 see
a recurrence of adipocytes in an individual® over tinme at the sane site.

This sdfgesd% of hdults exeed dherecommended bﬁ#ﬁ%&l@ﬂ%@ﬁ%bmﬁ@n&%bwéﬁ@m :
[l ssue dor MO St BBRGS T Po bR By FEURELGFAL abburbiEn WM b leiclly 31 o=

char act er i sddtivelgfnoa-imasive padcedus withgtosmktic hiferts, whidhy are acceptable to the vast

majority of patients. It is well documented that adipocytes are a replenishable cell

population. Even after surgical removal by liposuction or other procedures, it is common to

20 see a recuurence of adipocytes in an individual over time at the same site. This suggests that

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

In one embodiment of the invention, an adipose tissue derived stromal cell induced to
express at least one phenotypic characteristic of a neuronal, astroglial, hepatic or
bematopoietic progenitor cell is provided. 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 phenotypic markers continue to be disclosed or can be identified without undue
experimentation. Any of these markers can be used to confinm that the adlpose cell has been
induced to a differentiated state. Lineage specific phenotypic characteristics can include cell
surface proteins, cytoskeletal proteins, cell morphology, and secretory products. Neuronal

30 characteristics include the expression of neuronal markers such as NeulN, NF-M, NSE, nestin,
and trkA. Blood specific markers can include the presence of CD4, CD8, CD7, CD19, CD45,
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hemat opoi etic progenitor cell is provided. 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 phenotypic narkers
continue to be disclosed or can be identified w thout undue
experinmentation. Any of these markers can be used to confirmthat the

adi pose cell has been induced to a differentiated state. Lineage specific
phenotypic(ﬁﬁ%r Iingin CS. C ' Hﬂﬁqp e s f P, DS, el et al
proteins, ce ’%%%h(mﬂéy%'an ésgﬂ)etorygl{:odrlo'ﬁﬁ%tés‘ﬁcﬁlﬂeltljr]rong]ﬂ‘%(gh:ﬁyﬁﬂ?’%lfl

char act er i shlotmetrioc| fipeescdnd anmpreochéminalp fpolymerase arhaim r icestions iehiamivs]l NauN,

NF-M NSE, _nesti , r : | £ |

presence ofm@fz'?’giéﬂg,%g%ﬁsﬁ %@&Wgﬁé&% ,n E%%; S&"%@,d g‘?ég.gg&etg&%f

ordi nary shkidrkerin the art will recognize that known calorinetric,
fluorescent, imunochem cal, polynerase chain reaction, chemcal or

radi ocham cal ni htdsr eabodimant thy imeotort piovidéshe dpdifferenitated isolHisic adiposwef a

| i neage specific, ker.. - at her, enbodi nent,. the inventi.qn provi des
. Geartt or ditedeeted Shugheell gerablf of e Hin Gl TRNRERF L Sne ieenidigdta”
capabl e of Hpgiafigodentidsieedbrivel eI fRSekadple, Wafonal) 8€roghidl] BEjalE o héMatefoidtic NoN
adi pose tissue derived cell, for _ exanple,. neuron astrogljal, .hepatic-or

) I,
henat opoi etPreEenifr sglnfy drdiffatiated, adippier Jegiv F?%‘P@&ego?aﬁ&éeeldﬁ%tﬁe\‘}e‘ly roma
cel | can bepigantd a{di'fpf%eyrl%a_mé%. HPRRRRE SmBdirAdh BRCOCHFRAERKRA SdipbdjtdRmtyaer

enbodi nent the dedi-fferentiated adi pocyte can be 10 provided in conbination

with a I9hammeidedt inc eernlination epith pharmagepidsally pacceptabies cagsisntipe 2 Hhepapewist i on,

i ncl udi ng . Lol 0, 4 ' repad e ' Luction or
enhancerren?ﬂlgl}gé? %%s%%é’ggubteup e#iq@/'&ei dsttgrgér?g? récp‘e%ﬁ Eg%eg%ﬂagéeh’ c%ﬁ%g'?%ﬁﬁgy&t he
net hods di sahmsenent.hadipose tismediedveadistomaltcebs antbheukuredbptheaadthals disclosadhat

t he dedi fferent, at St | cells .can.t A-nduc 0 _EXPL Eess
char act er i &‘@Fﬁﬁsﬁﬂ%a?%@ﬁé‘P’F‘ﬂae Sasa?hptggtgh i c|ti)e§dlsl':f"éU ' gt%ﬁ@%{gn@ecﬁlﬁssganﬁeg 15
dedi f f er enthedhddeditt @Eest ehaanertcsafiells othet thah rdlpostetisne dadeddelerthes gene

'sequence, for .. _production of a desired.protei.n or peptide. The '
Gedt 11 dbenteuEBI A AR oin b Rtk YR GAN a don B iasite eeit seapwoe or
adm ni st er ggbdubtich BOat ddsied ptotéin QF ﬁaﬁﬁw Then@stsfroaiatell 81Ft9kKcan] G &
desired therapeutic_purpose. |n another enhodinment of the |gt\fg$nt|on,

method is pHeprtegmbediment pe pdimipistered g 2 hog 18 @itye O thrpe dieny @éﬂﬂé’?ﬁkﬁm

cel I's into gGe] deSirdaaNdrifub seperties of hematopoietic stemcells,
neuronal cells, astroglial, hepatic or other |ineages, conprising: plating
i sol at ed adi posg afdiRs “RibEGHHCEr b iRMGRliok; & MEthhl i pRRRicH §8r dRiRRkntiding
including but not limted to a density of . .

20 adipose tissue-derived stromal cells inte cells having the properties of hematopoietic stem

cells, neuronal cells, astroglial, hepatic or other lineages, comprising: plating isolated adipose
tissue-derived stvromal cells at a desired d'ensit;;r, 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, preferabiy
a non-human embryonic extract. In another embodiment, the cell is differentiated in the
abs?nce of serum but in the presence of a chemical agent, for example, an oxidizing agent

such as 2-mercaptoethanol.

. In avother embodiment, the inventidn 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 ¢ell to a
useful density, including but not limited to a density of about 1,000 fo about 500,000

cells/cm?; incubating the cells in a chemically defined culture medium at least one compound
16



about 1,000 to about 500,000 cells/cnR; incubating the cells in a
chemcally defined culture mediumconprising at |east one conpound
selected fromthe group consisting of growh 25 factor, hornone, cytokine
and serum factor, and optionally, an enbryonic extract, preferably a
non- human enbryoni c extract. In another enbodinent, the cell is
differentiated in the absence of serumbut in the presence of a chem cal

agent, for_ex e | di 7k s BleRRL o6t [n
anot her enﬁ‘%ﬁ’?%qtn} m?%reo% ﬁgdes%t’%%@%rg % %‘g‘éﬁ’g‘ Oﬁié?%(s)’gy or 1 %gus Cl ng%agtﬂrs’
i sol at ed.  ad{bptidigilysa dnitsganiv-ctaadtveeferably amah-humid entyyenipexdsst. at | east one

characteristic of a cell of non nesenchynmal |ineage, conprising. plating
i sol at ed adi posh stiil ssutherdantiodimebnt tieciredntiame blovides adipass-@briveddtedfetoptiated

including b not.limted tg a it f about 1, 000.to0 apout 500, 000

col | of cp: Sallcngmait s <o uf bty soBSR podip Prreomal B AT o

| east ope gRERRUAGdRL HehembiBodsloT @M itviatiel. Bigh CElRSIrS e Om@slopdud ahdiCt O S,
hor nrones, cytokines and serum factors; and optionally, an enbryonic

extract, p#f s Hpesplotaionshunan enbryonic extract. In still another
enbodi ment, the invention proyides, adi pose-derived dedifferentiated .cells,

pl euri pot ent st ByAne grofesred sabediment, te, sticis egptralipereous Fysfghitsie #l#7Fd neages
that are g U RNGES e it Ral N8 2 SRLBO PRIk bBodiMMANLE S is Sl cel | s

are useful In autolagousand. allogenic transplantations. In one
preferred verbouisysem tissuscandtheedssied eipmckgristivern fbhgnotinesis astreglisk uk welhet he
desire chatacter i Skl - | &ired charfc : r:x ed
enbodi g%nt P%Feﬁghseﬂbg&m%ngéhﬁfsﬁtgFP%%\%%SQ@;{E?gm t srjsue ti‘%gg'?ﬁga([jg}spi%rlged
char act er i htmatopmietioh dm getyaoetheremiwtingygl, it site iy the hepstib eystand, o af panticwlar,

infrave ng the d

har act e | Aetopretphd _ boutiodr,
Cype i nilicepora it ookt GRESERHR A Mhelie ThabEe, RaRkafl e Sl 201 ¢

system anehaimmafiad, mogespraferablytthesubjestds hurdand t he desired characteristic or
phenotype is hepatic. Preferably, the subject is nmammalian, nore
preferably the Bulicahotha bBubmEmentn thee invantivoh erovideb odli method dfhanproviegt i on

rovi des a_  met hod of, inpr.oving .L5 he oppiesis in a patient, co I sin

'Ito r ansplant BEREPPBIISIR @ H2EPYLLO n?‘ﬁ%uf"?r‘%éﬂ‘gg Oétﬁf’(‘j‘&ll%%fptgﬁﬂvg?ﬂqn lﬁg’gtﬁ%r ablgy,
the transphaphft plferdbsy, B tabiplavAioe Ushy RirienOu infusiofN &n eAd edbdttint, thbe

cell is transiently or stabl transfecte%w!th at. | east one nuc!%lgi acid
sequence. pell/isiteansigptly osistably %"é‘ﬁﬁ‘e@%%ﬁf a5t g naflelcacld; segpRIce o %ucl ei c
aci d sequepger idREoonBifQoHIask dnltiesited Qucl6iakid TBhelR o HeantdROST Bt then.-

cell may mediate transfection.

20 The adipose tissue derive stromal cells useful 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 Nc;. 6,153,432 incorporated herein in ifs 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 {ransplanted into a
heman subject, it is preferable that the adipose tissue be isolated from that same subject so as
to provide for an autologous transplant. Altematively, the administered tissue may be
allogenic.

_ In one method of isolating adipose tissue derived stromal celis, 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 concenirations of 0.5 ng/ml to 10
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20 The adi pose tissue derive stromal cells useful in the nethods of

I nvention may be isolated by a variety of nethods known to those skilled
in the art. For exanple, such nethods are described in U S. Patent No.

6, 153,432 incorporated herein in its entirety. In a preferred nethod,

adi pose tissue is isolated froma mammal i an subject, preferably a human
subject. A preferred source of adi pose tissue is onental adipose. In

humans, . t e 4l RABCettediivodydbcittnl be hpAlritiGle BY DhiROHICiyMhcdibihinklifta el | S
of the inv ron are to be transplanted Into a unan subject, 1t 1S
pr ef er abl eackiiwicid EDTA)iapomeentiationsef Bwui 601 tt220mM, prafertily atshowt .Btdybest so as
to provide, for, an autologous ns@l ant. Al ter | vel ko o ad ni red
ti ssue nayl'éé”MglnPB'g%’ﬁ*e a%? ﬁt %"%%n:r%rteat' ﬁg%mgFm%%egrb}Heﬁg %dit{’)t(}?eé Iil;pgfs‘l’ﬁ%hgeri ved
stromal  Cledlv&en BhR 40C posseplefetdireatiig®c, 36t feriedstof Betwietn 1 € miidutey ¢o 2 bowaf

) p e e

trati t .Ql to Q.5% fer .04 10,0, 2% t
b of or £l yPEBBUD TR P g o Louk SRR SRI A E o ae 6ol 2t Bteop
pref er abl Vinrddgh 4%yldi0sH cRERfIehakés [0 WF bewela 20 ndbofis o SemEréis, more

concentrations of 0.5 ng/m to,10 11 ng/ni; .. and/qr effectiv
concent r atprefeebbr bfrﬁvaqntﬁ(g RS E‘I‘E?HSDHE%PI%F?&IYJ% VHEIARY| ﬁ@fsei’ff"' dhehcetic

acid (EDT. e?ﬁeg ﬁ#{@{&] LRAR alyettly @ Hdkid Pa Wib1i RF PER6RBE ¥hat about
.1 to abou 0} : L , rrtirl)%:c pregéeﬁrogbl_{ gﬂoﬁégé %M&c gt t enper at ures bet ween

25 to 50C, pasicadate gadlignt. Ksilewdhbs grd@t spasds ofrebieendBP jo 3Q003% @, mPEY

peri ods, of bet 0,4 I{nut es
o 1 bl , PREEESEROR I b Thoct el o X S PRACARL R TS 17

nyl on or cleeseat pteferabbshtof liSl misutes indseprefemhly 20nimires, ehbmpera®O8 ofibgweers, nor e
preferably,he n 40 400 .Gl ' st_prefe | VocdQ m crons. The cells
are then %h&@ﬁg@é{‘a&}y&eﬂmgp ﬁ?g‘ﬁ%cgq”?trﬁr?fgﬁ@? F{(;)%%Htl 2rse(g't ly in nedia or
over a Ficoll Rercol | or .ot her articul at radi ent . | s W be
centrifuged at é%v&gu%cwgﬁeg t%&foaf?"g‘? ﬁ?r%? gerivﬁg%#% %l\r%gg% ¥ 200 to
1500 X g, #mBsde ek e forhl henatop5iott, Xegrohal) ashegliadepstic drafivee dinedpesrionNuglss to 1
hour, nore preferably 2 to 15 n nutes, nost preferab)y. 5 mnytes, at

t enper & ur Bdilg Fhedé‘feﬂé‘?-}h‘s ngt ]?‘6“1 K‘,a“%%?‘é'r"zﬁp%% M%E%M&%ﬁéﬁnﬁggf

pr ef er abl ymat,Qlp6tyidSath 4 Mdiuay Sstitdifing 6 VoRibinsasn bheorid calbipstiic efirdeRe
adi pose tissue derived stromal cells to induce them %,o form he?;t opoi etic

, neur onal prefisblio g Rei-humaRe SRPTYENIS, SETRe rPUTE aRfe SeCBROEENY §f.°_“’ﬂ1 #ASt e the
| nvention (é/?oléy%%, heMRedY aftit LRSAEN HenRPSH a4 | RRimdnkiohad e l3ldMsbiddant
t r eat ment the preadi pocytes with a medi um containing a conbination of
serum enbmisoeavirenentawitkindiogdiffesendiplisp. 3 non- human enbryoni c extract,
purified or reconbi nant growmh factors, ) . oo
20 Non-limiting examples of base media nseful in the methods of the invention include
Minimum Essential Medium Eagle, ADC-1, LPM (Bovine Serum Albumin-free),
F10(HAM), F12 (HAM), DCCM1, DCCM2, RPMI 1640, BGJ Medium (with and without
Fitton-Jackson Modification), Basal Medium Eagle (BME-with the addition of Barle's salt
base), Dulbecco's Modified Eagle Medium (DMEM-without serum), Yamane, IMEM-20,
25 Glasgow Modification Eagle Medium (GMEM), Leibovitz 115 Medium, McCoy's SA
Medium, Medium M199 (M199E-with Earle's sale base), Medium M199 (M199H-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 Minimurm Essential
Medium Fagle (MEM-NAA with non essenfial amino acids), among numerous others,
30 including medium 199, CMRI, 1415, CMRL 1969, CMRL 1066, NCTC 135, MB 75261,
MAB 8713, DM 145, Williams' G, Neuman & Tytell, Higuchi, 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 useful media are available from GIBCO, Grand
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cyt oki nes, hornones, and/or chem cal agents, in a 2-dinensional or

3-di nensional mcroenvironnment, wll induce differentiation. 20 Non
limting exanples of base nedia useful in the nethods of the invention

i nclude M ninmum Essential Medium Eagle, ADC-1, LPM . (Bovine Serum

Al bum n-free), F10(HAM, F12 (HAM, DCCM, DCCM2, RPM 1640, B& Medi um
(with and without Fitton-Jackson Modification), Basal Medium Eagle (BME
with the a 0 t gﬁ,ﬁ di um
( DVEM Wi t hgﬂ?ﬁ smr@i{ﬁﬁrﬁ?ﬁg‘éﬁh Indlﬂéﬁ?)? asgoéw ?\%%ggfgth?%n% nbé}z.s\l\/ledl um
(GVEM), Leidfdhest mefliapge steinarired oot ods i EnzynelogyenVokms LATMI'Gell QW@@E W| th

Eggleﬁt |SalSal d| um’ @W( I @‘%ﬁe’““%@“\g’?ﬁe??@%ﬁ%ﬂgﬁh n%%esrrsf ssent i al

Mectum Eal o (Vb i B3Rl S06h Mol JUERGERS 5 Ao U

Eagl e (MEM NAA Wth non essent m no acl nuner ous o
i ncl udi-15g mmmmmmwpmmmlwsmmum&&t 153 194) VA fo%puﬂ\E%?SZGl

200, VEDB PPl T TBH s p R BREe R use |

L-l

the pr eserdnckéﬂ/@:r&th@@pdc&s@hﬂé r¢RESA adbstetitdtion ofaRbtl %8 d0n, pe »Bgaatl abl e
from G BCO 'a% fnd N. Y n’ﬂg and Bi ol ogi cal | ndust r| es,
HaEnek |, Ié?"‘é pirsistpreferahly 2804t 10%¢ ¢ hese nedia are summarized in

Met hods in Enzy |.o ol une Vi, "Cell Culture" 62-72, edited by
W liam B JakoBy SR faeiqp, o aﬁah%%%ﬁslﬁé%ﬁ%@d%afa%qwegm%@fa%

Addi ti oAl sikRuikg, Bl o tina Iplgf i hontRl, el thrd:iopBieht) eteri it 1)

invention can contain fetal serum of bovine or her species at a

concent r at ikgprlenking®, intepleykin &7, mucwpbage Rbyy stipplating fstoy, @dﬂtllmagd/stanmﬂ 5%t o0
15% rmostl y, pief&ls ?mté/gelg}t?‘ﬁgﬁndl%éﬁlﬂaﬂ%ﬂ:?ﬁk&?@%gf fAthrs }%‘d&%?ﬁq pre g} her

speci es can be’ prese cobncentfration o erably at
| east aboutﬁbﬁikﬂaSbngl% fanbrst nqzmefgmvablfgcttaboﬂmy Iieﬁdotﬂ&ghld frctont plattlst denheed

cytoki nes, hor he f wi.n eci fil b8 factors
i ncl udi ng, gﬁtﬂtﬂ?ﬂc and%o ﬁl[%?%g%en it 7O ora(r?rﬁ?lné’ %Ey]%sh Siyee P ;"ﬁogmm}L to
t hr onbdpoi mmlrgra,m/mhﬂmlseuka sucl® conqemeatﬂom,l Khengrowth fatibesr bﬁulsindfs ahd hom@omgehage
col ony stl mul c-.kit and/ ste cell ,_oste egerin
[ gang, -1 ndtin Ut Ao o i atycbng 72 Ale o oot ORI bl abiogn.
fi brobl ast c@llﬂ!;ﬁﬂ];hbﬁgﬁgﬂnom&ﬂyeﬁn@ﬁm&taeﬁ‘ 1Be4gRE), froth hdipote derouet SkdrofllRENs iflaCt or,
D etk e 705 i e e TOR PR SineeP ok Sb 08,

Lee et al. (1989) J. Immunol. 142:3875-3883; Medina et al. (2993) J. Exp. Med. 178:1507-

20 1515,

¥t is further reéognized that additional components may be added to the culﬁne

" 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.

b ]

25 - By “chemical agenfs” is meant to include, but not be limited to, antioxidant
compounds such as butylated hydroxyanisole (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 celis is intended the identification

30 of swrface 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, (a) detection of cell surface proteins by immumo-
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15 mlligramm levels. At such concentrations, the growth factors,

cyt oki nes and hornones wuseful in the nethods of the invention are able to
i nduce, up to 100%the formation of blood cells (Iynphoid, erythroid,
nyeloid or platelet |ineages) from adi pose derived stromal cells in colony
formng unit (CFU) assays. (Moore et al. (1973) J Natl. Cancer Inst.

50: 603-623; Lee et al. (1989) 1 I nnunol 142: 3875-3883; Medina et al.

2993) J. 7 07- .20 ~t i s .furt nlzed th
gddi ti)onal Ex‘g’ﬁ'i‘?g/ﬁé’ﬁ?@ d%ré’ﬁmﬁé’mé% clopgty éb gl%ﬂ?% onent s
may be ant ﬂE(br@écblﬁ&ag, anf]mudmgcm? m%ofhﬂﬂvbu;rmﬁemaﬁ:ceﬂﬁd]g:w)dtete;ﬂqsn of mﬁ?dleliﬁlar
conponents no to the_art r culture o S. IL.O )
conponent SPRIRSY maEREEoa rreliods vhe RibFinapesiid mpjosfonsh pliokies keds,
‘chemi cal § SecoldiryMdRscdntal gﬂﬁdlblﬂ@g th®tde o BbwlGtohleficnRihdds, (c)alRtdoird dant

conmpounds such as butyl ated hydroxyanisole (BHA) or 2 nercaptoet hanol,
steroi d&, of etll ,ggrpegsby pelprarergtd, ehaitt Feaptiong in sEwdybrdization. sl rorthermy Ii"i’f\duce
the differ ation of adipose derived stronal cells. By
"characterization" of the resulting differentiated cells is intended the

| dentification pgQQior %aﬁﬁxgﬁ? dRkrkiAEd eas'ﬁr#g&rchwaa@ﬂea BERRSLAARGH O

ot her markers in tive of | neage co tment of th stromal cells
to a parti oﬂtlafaca mdrnnna¢eﬂulat Pmteerm ggneacanglpap@er makews indicatiye of tg Yineagercl ude,

but ar e 1Ok b b 91 661 b 9801 16i6ldet SHOLARG-NAL oS, Buruno 13

f1 uorescent™ usi'ng pro e|n I'C nDnoc Snal

usi ng QOSewﬁndmclude fbntora&somhthmagl toﬁc(h)udietegumh@fuseﬂ clurfadeowralgihoneg ri ¢
met hods; (b) detection of intrace a roteins i nof | upr escent
ot hods. us PIGTEREADt GersF (e o NOY 0l A b Ot SUmPITALEE e
secondary fiémies essed eellfgufabdSroteths Rach! Re:litaGife Plospatide, (ﬂwpmmu,ﬁcinﬂ&gﬁmods;
(c) detection 5 of cell .genes by poltymerase chain reaction, in sit

hybri di zat Péi#,1 &R @siEPPORER ( (Eonthas ¢ft ol AR ffleod BAA1GALALTS); o) tdﬁ?eﬁti‘q}i'af’fy
differenti ghadusal IbfotdBY bY SmehasMok@EdnE Atkitds tshéh bl @Bl &jteadtyosr #Pkimsur f ace

and intracel l'ular protel ns, genes, and/or other markers ‘i ndicative of t he
| i neagdS copmimosieimngsi adipesesispusrisrivedstiomal e5lls usiag sreeifie monpdonal angibodies

differenti B;EPF ﬂ?}h?é?ﬂ NQkarhih B t €d
to, (a) de ecg"d %ﬁh{lp ol ace %rr%?‘é%%hdsllegw Lr%%nﬁxgln I uo?tggscgint a?says
such as f| oueptyrs enedbfal; de) detwhpm of ithenenposstion of Aingago fselgetiveosBNAs dueli ved

stromal cellgesith! AR pAhSh" fepBHOBofAT, Bl ®r, PARSBRAARE 1gThf 4140

I ntegrin
macrophage colony stimulating factor, leukocyte marker and growth factor by 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, intraperitoneal, intravenous, intradermal, epidural,
intraspinal, intrasternal, intra-articular, intra-synovial, intrathecal, intra-arterial, intracardiac,

25  inframuscular, 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 detected in a subject
by a variety of techniques including, but not limited to, flow cytometirc,
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beta 1 or osteopontin (Gonthos et al. (1994) Bl ood 84:4164-4173); (b)
detection of intracellular proteins by imnunofluorescent nethods such as
flow cytonmetry or in situ 15 i nununostai ni ng of adi pose tissue-derived
stromal cells using specific nonoclonal antibodies directed agai nst

per oxi some proliferator activated receptors, retinoid X receptors, vitamn
D receptors or Cbhfal; (c) detection of the expression of |ineage selective
MRNAS such, a8 1 {DM:J:&' %’ ikl ﬁ%ﬁ 28R lofher ERtAgic PRk Bio'fbg?o

ost eoprotegerin 't gand and/ or crophage col ony sti r%ﬁ ating factor,

| eukocyt e teehmliques. Seel, Hr exatoiplef Kopanret &y (199 hirde Net dbad)¥i & 19 N416816. se chai n
reaction, in situ hybridization, and/or other blot analysis (See G nble et
al . (1989) Bl odkhesticcl®Find 149 in Thamentiy the hewatopoietibniystemtafrackbst defsieat fost in
order in a wde vatiety of.ways. Pr re de f m.nj strati re
par ent er ai a5 s 2p BPRedpEEc s SOEIELl Bheath 258 S SRR} Kbl of

i ntrasps nai)looc} fafréds ) ﬁm&di%n ofdtenA ceallst hﬂ.ﬂ.ltr&tmer}t vithadraganavira ﬂil;;\tidtmp:tti)mﬂoaeal ,
intra-arterial, intracardjac, 25 inttramyscul ar.,.intr sa ubcut aneous,

|t 1 a0y bi ¢ SREAIERY S8, pP L Prodne SN HRagH s ol e, P PELpaTE

vagi nal  or o468 fEBls relevinbioShdnabdRIfirahetalicag and e GeRPPRIHIINhempRpEsti@NEOUS,
nasal spray, surgical ipplant, internal surgical paint. infusion punp, or
via cat het eal! linpagepyens aseayisgdorfaciors asspiatad;wih hemplonoistic feveloppents dni ni st ered i n
a slowrelease formul ation such as a- direct tissue injection or bol us,

i npl ant, ni cr opthehrmplepoiptcebs pfitbe ventian Spapieiie theragy foraovaralof G1erETs- The
PLESeni Dharkififart) 6ER'habRMI SRl Slo nlaliBw, BURLIOHATR BRnRLECTRE |0 2

subj ec by a“varie tec gues Including, but not limted to, flow
cyt onet i r ciradbfriedneho vay bouded ta fweat or prevenigEiVunieption. di zati on, and/ or ot her
hi stol ogic or cell-ular biologic techniques. See, for exanple, Kopen et

al ., (1999Pishriers thdha tbdn brdeedted 8y infud@r affir discleed eells elude, tak pregiot limediive | n

regenerat i t he h I etdl. e h LG [ ss of
et opot clregarr i, HE Hifit ¥F & Weflon Whoriel WEREYeN oadfth BTS O
of 5 bl ooghanmtioni.c. aplhstici armid asd dypapedliferatien siemr eellt disorders); treoplasiips or
irradiation prior to re. epgr,a#l rnen.t of stemcells: . produci ng,.vari ous
hemat oi%)i e’E“Fﬁg”@’étl fligeasegcina (o Hematoniells, QTeany ken%j’ ?eb‘ SR Pop R mas), er\?gcgt to
ISF em cel | Qﬁhﬁmﬁ ﬂﬁ_ﬁgqﬁ;?ﬁd]ﬁ;tumal@@fhbﬁhébﬁﬁidﬂgﬁ@ﬂgi@ﬁuthﬁmpmhﬁﬁbm; anél |

i neages and assayi ng for, factors saci ate t.h .hemat opoi et.i.c

devel opneng‘?nc%glsﬁé?f%'t Spth @‘F‘?‘ée"&é‘?"? ) “ttaFFenqt%‘Fflit‘éﬁsF?s T gﬁ% foRh2r apy
for a vari gire@k dfinsREGEsSormd Y132tk Srebibtiby andth&@REe BypampsdiFtraickte t h

bl ood, marrow, stemcells, etc. are-of interest. The | )
cell disorders, including aplastic anemia, pancytopenia, agranulocytosis, thrombocytopenia,

20 red cell aplasia, Blackfan-Diamond syndrome, due to drugs, radiation, or infection,
idiopathic; bhematopoietic malignancieé including acute Ilymphoblastic (lymphocytic)
= leukémia, 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; immunosﬁppression in patients with malignant, solid tumors including malignant
nielanoma, carcinoma of the stomach, ovarian carcinoma, breast carcinoma, small cell lung
carcinoma, retinoblastoma, testicular carcinoma, glioblasioma, rhabdomyosarcoma,
neuroblastoma, Ewing's sarcoma, lymphoma; autoimmune diseases including rheumatoid
arthritis, diabetes type I, chronic hepatitis, multiple sclerosis, systemic lupus erythematosus;
30 genetic (congenital) disorders including anemias, familial aplastic, Fanconi's syndrome,
dihydn;folate reductase deficiencies, formamino transferase deficiency, Lesch-Nyhan
syndrome, congenital dyserythropoietic syndrome I-IV, Chwachmann-Diamond syndrome,
dihydrofolate reductase deficiencies, formamino trapsferase deficiency, Lesch-Nyhan
15



transformed cells maybe used to treat or preven V infection. Disorders
that can be treated by infusion of the disclosed cells include, but are not
limted to, diseases resulting froma failure of a dysfunction of nornal

bl ood cell production and nmaturation (i.e., aplastic anem a and h
ypoproliferative stemcell disorders); neoplastic, 15 malignant diseases in
the hematopoictic organs (e.g., |leukema and |ym phonas); broad spectrum
mal i gnant ' - of - t Qéngg 1 StiRbbab43 EATTHG it i ons;
and genet ?@J&dﬁ%r eée?.ltﬁsfﬂzﬁ&giﬁggoigd%rﬂs inc%g&e),bﬁgﬁust’ ‘gyéeéﬁ%ot Iiﬁl%&?gwéé]%’o

di seases r esngetitahgRH rowh disedsai parpxysoel apefmalc heweglofinuiy rfadPlh| Ehgosset-|
producti on_and t urati I.f ex ati - cel | £l d .

i ncl udi ng 8p R eclag%}edrré%?ﬁxaﬁéﬁ opelh%i, Ehé’s'ﬂ%ﬁgomc‘? osflgglﬁ%&’o%%%eﬁ%lpeni a,
_20f refl_ cel bqﬁgb@ééﬁ?,s_eﬂimm dfﬁc&uayrgnnﬂieswlid&lm gudlu@.itcb’tllaﬁhjyi@ﬁa ahﬂﬂth bdta,on, or
infectign, idiopathic: mat .opoi et i .i gnanci.es_including acute.
Iyrrphob?astgﬁrﬂmf'l M%W@E@%%u‘ff%ﬁc%l%sgﬁ#gmo FRpRoEy 7'¢ .eot?@?ﬁ?g,_

ac U][ € ”lye| Qﬁgﬂﬂﬂiﬂeﬁéiﬁé&elﬁis&se C¢|$U]ED),Cbaﬂ?’ elyﬁ?ﬁdit@teS_ syh&dhé,ﬁﬁc&hophﬁpl-&ﬁpmwegnant
myel osclerosis, ,. nultiple.nyel oma,. cythegi.a vera, agnogenic .

nyel onet aprFeapiged Wﬂ%q%g?l%s Gg‘ﬁ@ﬂ‘i‘g"g Hg‘ﬁ‘ﬁ?ﬂ%ﬁlé?ﬁcﬁ, wﬁ)&g%pﬁ PRpoprRitte,

non- Hodgki RydecdRle phdPRAYRse dHIAGS YRRBSE Stin dRfifiaidySbmtW dgfaniRljagant ,

solid tunors including malignant ~ nel anoma, carcinoma of the stomach,
ovari an cafenehens, disseieasadenasinei deamnass neficiepey,| Koglagun's apyeflienien reticular

reti nohlas ESnb&iaf | : 'ﬁ@hﬁ%o !

neur oblqgst gﬂ%@mﬁ% %’és sa?%‘g{an%ﬁép np cgrgriﬁ? aut o] ’ni%n%tﬁ%igg%%?ég&?ég ?ﬁgf’ng

r heumat oi d myalosdlerpdis, s acqdireth dteawlyitiy p anemiase hacawires  hepanedefisienaies, tinficBous

scl erosi sy system c .l upu ryth t : i [ tak) disorders
i ncl udi ng gﬁé’%ﬁsf“‘?lﬁﬁiq@ﬁy a°t|cr)l %@@%ﬁ%&%‘?ﬁgﬂ%&ng%@wﬂ%r@ 5l at e
reduct ase @efdeltosiyncilisterosid, orutrriuiveis, t keprosf)er paresidef inféotingy, (dgs cinalsifan
syndrome, congeni.tal dyserythropqietic. ndr.one | -.N, . C. n. - Di,anond
syndr one,  LaRassRy oAt iR Gttty YR PRl APAG R Bihc e
defi ci gBc kBpdfRd Wihas: fuhbtichy A65 & Ring phapoeité dlsodplREK otyihats agramulvogesis,t al

el liptocytosis, congenital stonmat Oe?i%i((}-lsji S,. con%gni tal] Rh null .disease,

par oxysmal Chrggie omatisndiseass: niredizk-Hisgephsyngdrome sweugorhil, pefia, feficiency,
dehydr ogengsg@lophit @ iddhtane 2GP3180PY T defRieey, Ki nag@bdiRl | CiteRgy, Gaaees) tal
erythropoietin sensitivity, deficiency, sickle cell disease and trait,

t hal asseni mugppshwaccharidesess papghipidoses; ~ FusealamSMs, elifordert o iyelyinga| WSy der s

of | TN |ty oG ESORIA SyTUAORA QL AGHUERAGR,CRO D), | bare

| ynphocyt e syndrone, 1 ono re-responsive coirbi ned i nimunodefi ci ency,

conbi neg | MUNOgaLtd 6P Phindefls 2incRBP ! {3GroRQRREIR (Wkeases, hepatodegenerative
discases, mephrodegenerative 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 but are mot limited o, AIDS dementia complex;
demyeliriating diseases, such as multiple sclerosis and acute transferase myelitis;
25  extrapyramidal and cercbellar disorders, such as lesions of the ecorticospinal system;
disorders of the basal ganglia or cerebellar disorders; hyperkinetic movement Hisorders, 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 ataxid, cérebellar cortical
degenerations, multiple systems degenerations (Mencel, Dejerine Thomas, Shi-Drager, and
Machado-Joseph), systermioc disorders, such as Rufsum's disease, abetalipoprotemia, ataxia,
-tclangiectasia; and mitochondrial multi-system disorder; demyelinating cofe disorders, such
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nucl eosi de phosphoryl ase deficiency, granul ocyte actin deficiency,

I nfantil e agranul ocytosis, Gaucher' s disease, adenosi ne deam nase
deficiency, Kostmann's syndrone, reticular 10 dysgenesis, congenital
Leukocyte dysfunction syndromes; and others such as osteoporosis,

nyel oscl erosis, acquired henolytic anem as, acquired inmunodeficiencies,
I nfectious disorders causing primary or secondary i mrunodefi ciencies,

bact erial infegct]j . q. | Qsi- ' i S, .0S]
P o nSEBrdiPs dpe, RS Bk bl SSHeBR] ok WATECHO S o
i nf ect i onsneughigesic deBlirnwophies@nidiicihionpcall degamiatioh,ympines simpetophiedsisrahnd 15

I npaired i ne functjons dque to,.agin phagocyte di sorders,. Kost n's
agr anul ocyﬁr‘r’g?s?,’ m%‘l{j&nis??n rM?%?‘B%?yd?“s%é@é?ﬁwmagﬁﬁcgﬁﬁh”ﬁmgg{ddroma,
ne ;Jt [) OF_hi |Atﬁﬁéii:n6r'§j§§éa§é; DS smmeloiahﬁudlhmg@ rmmsmvaﬁe?@eaig@s@ Baile

met abol i ¢ storage diseases nmucopol ysacchari doses, nucol i pi doses,,.

m scel I%ne@%@ﬁiigs‘%r HevY g‘l‘ﬁ)’oltmeﬁ]gﬁ?emy‘r‘%‘ié&“ﬁ&@ﬂa 1e; V\?ng_ﬂlg?t glsﬁ?liﬂhF’E‘h
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basal | i bel | ' ders:  _h i net | ' & ,
Such oo PRt GroBRele Bt o W RRFECHR i i of AfebEolT R 1h haBhE ©
di sor der s, wiki gk @sboihame thd elicegokud tdayges ttansfer ot kortiBinpopamdaieacid

receptors;. hypokinetic nov nt_ disorders, .such .as Parkinson's disease;
progr essi viBoBYBE 3 HROEERD S'ﬂfg‘lr%?;thes’f‘q‘%& %ﬁ“g}s ’P‘E%di“‘(")‘?‘lismwftﬁ? ﬁﬂpﬁ'&g%f)@l ® 30
spi nocer ebgll Afia € TAARE irdilshBdSto be Wkitedsd wRhildhe GLIAXIR traifdefel p@icfdkySs ait axi a,
cerebel |l ar "Cortical degenerations, nultiple systens degenerations (Mencel,
Dej eri b Texprrsson enfetteyingdeding aepdingnebmucientis spqspbly linked fop spBble ppadFer s,

such as l?eiuégdin? lydRAsdide 0L LRI 2 BFALEBr 3 cadleAddd® biolbALANUAE RRIAZ ; and
m tochongtblfa nmu trfélyé st emedi.sor der, Bderrlﬁel [ n%ti ng C(l)?r eﬁdi gor ders, A%uch 16
as mul ti plwckes emtssnesl){N, Acurtactifozymey dhus theeading) polynyeleptidie son gagogde greenpe
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moiety such as cell-adhesion molecules and hormone receptors, and factors promofing a

given lineage of differentiation, or any other transgene with known sequence.

The expression cassette 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 adepovirus, ademo-associated virus, herpesvirus,

lentivirus, papitlomavirus, retroviruses, efc.). 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 fo 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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5 Denetia of Lewy body type; Wernicke -Korsakoff syndrone; chronic

al coholism Creutzfel dt-Jakob di sease; Subacute sclerosing panencephalitis
hal | errorden- Spat z di sease; and Denentia pugilistica. See, e.g., Berkow
et. al., (eds.) (1987), The Merck Manual, (15th) ed.), Merck and Co.,
Rahway, NJ, which reference, and references cited therein, are entirely

i ncorporated herein by reference. 10 In another embodi ment, the

adi pose- deri vedrgelds 6R3AbREnesdh 84d KeAdskd in R eibirafsh whh Goy hdm t%élﬂicﬁ%%f
exogenous genes or to repress the expression of endogenous genes.

accor dancetissug meg,enﬂwgrbﬁtmt fimeted to| thosedtednplogies| dessribedgn patenss ané f er
vector co ”Pﬁ iRt it n! e Ea bf‘lﬁé ﬁ% "{m%iuﬁﬁ QP8 CParchi s, b, 74

nucl eic acfd I's 1 ntroduced |n e ce der conditions pproprlate for
t he transgemks, Sﬁmﬁdommgﬁsw Ydivinpest hle)@eWIell gt mtdmg:éri@ YEnkatent |y i s

T cad s o SRSl Ba57R° Thisin, 4! tinoBo PAIDBRE YOG RAUMIEAPSIANLY
pr ot gio 2 rrgFohﬁedcﬂjmoa‘ﬁdeﬁf'ﬁmoFﬂgicﬁﬁdcrd i;bchgiqdeyeg El\ls:gen; Nechs, T&SWMgg@:cngart rR:\lﬁ\ or
For oxamp! 8- (G030, DtaeD et Scalpid i chrocted Sl P Pereh,

hor mones, phRQLIPA&T TR4:RI Pgof BS! PhtentSK $YRI10885 £ Vacan8d (4721998) 'HakeSiynp i C
hor nones, tok| nes such as 20 interferons, interleukins, and Iggghokl nes),

a cel | sur wkaerd Indrmpmeptsetive Tisgyn Aoy Frapla?moet}l Suatenh Noc 8i78e.3fnesi on
mol ecukgs %&nﬁoenane{me@fmzeﬂe?mdam SABERS PoBHRAP bR Mahxea%ﬁramgge of

differentiation, or an ransgene w th. known sequence
expr essi on%as&‘emeef"ebrﬁ! alime riyodyeéion t@’aﬂs@@ﬁ@%l%@% nE&r gigteat - i nt o

the genet gﬁo%/ ﬁ?f} Yacaht I} 30 Lﬁs@@gmgﬁzkﬁa% @elf Y g SARE R bt Mﬁ&n%g st

Dependi ng ed e on any suc dtor can
enpl oyed t Ongemnet OcBdritgnanmdlissyeth8. mmsro(m@ 41’pl\&smtd@ al. {ARHBB) TRAge-

L UeS, Ul S AR  ASS I TREIE) ol P DR AR P
conlst r mgt i mgnm#be Uﬁsma&dt o s, E'Enswgg \eassickt al. WerI3ias) sﬁepamm @fsTim&n be
clontng. noreread e St g S oofie REie e ARk a0 ar gel y

deternmi ne {IE PARLDING. $136H8340 Griflith e @t hlh@llz{ﬁﬁﬁ)qrwsuél%nﬁ&}Qn@Uhﬁmw ch are
generally known in the art Suitable techn ues I ncl ude protopl ast fusion,

cal ci um ph&ekRabrmerioSelution That Gsls I Jéige Uty Ratemt Ne. 520832+ Al et aln@/14%8ct i on
wi th viral pyge bﬁgﬁron rbrl¥gefiB CapilBRSid DSG B8pBhiont ANS DLt 8@, 51855610,

conbi nati on"w t known t echni que of tissue engineerin i ncl udi ng but

not |i &Pt eUaQ@htﬂh@bélfﬁ@Qhﬁwms Siong, HligblenTigaess .8, Batent No. 5,041,138,
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- Suppori Of

. Hydvogel-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 Equivalenis By Contraction Of A Collagen Gel Layered On A4

Collagen Gel; U.S. Patent No. 5,144,016, Skjak-Brack et al. (9/1/92) Algmate Gels; U.S.

Patent No. 5,944,754, Vacanii (8/31/99) Tissue Re-Swrfacing 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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publications cited in the Background of the Invention (including US.
Patent Nos. 5,902,741 and 5,863,531 to Advanced Ti ssue Sciences, Inc.) as
well as, but not Iimted to: US. Patent 5 No, 6,139,574, Vacanti et al.
(10/31/2000) Vascul arized Ti ssue Regeneration Matrices Formed By Solid
Free Form Fabrication Techniques; U S. Patent No. 5,759,830, Vacanti et
al. (6/2198) Three D nensional Fibrous Scaffold Containing Attached Cells

For Producin asqul. 33 e

Vacanti , 7’%’1‘% ntéﬁtgrra @Ie{ltg &afc{:) ag lgﬁ% tl‘?l?l%rrfnJI&lrle(s)tl'r:kr&(])l %‘I veg'%sssue
For | npl a Nredidednso Ma&mﬁsmmud\mu b Esfpgy and dsﬁnpme,aamﬂlwﬁtﬁlw cor(véy e 8)

- Bi odegradabl e nt heti c thg Hﬂ dﬁ %ES Matri x Containing Chondrocyte
For in Vi 58S Y&Ho €& #Bus Structure; U.S. Patent No.
5,804,178, Vacanti et al. (9/8198) Inplantation O Cell-Matrix Structure
Adj acent Mesentery, Orentum O Peritoneum Tissue; U S. Patent No. 5,770,
417, Vacanti et al. (6/23198) ThreeE WiBsd onal Fibrous Scaffold

Cont ai ni ng Attached Cells For Pr odlmx%scul arized Tissue 15 In Vivo;

U S. Patent No. 5,770,193, Vacanti et al. (6/23/98) Preparation of Three-
Di mensi onal Fibrous Scaffold For Attaching Cells To Pr oduce Vascul ari zed
Ti ssue I n Vivo; ]fal (1/20/98)
Ti ssue ForEampiml SJemaogg - SIR0S% e SGel s I n Vivo;
U S. Patent No. 5, 516 532 At aI a et aI (5114198) |I’lj ect abl e Non

| unogeni g Carﬁlxbh@ﬂ@el&nﬁrea@ﬁ@te&’rf&ﬂam&mwﬁmpbbeshssﬁﬁfaed‘tbtdmg)to HheShfethodd, 20

Vacanti et al. (1/5/99) Engineerin Stro Pl i abl e ssues; U. S.  Patent
No. 5,041, @.&s&gibeé v AR patet agplicatieny g?!?—@% 29N§§gﬁ>f' g;@ B ebntey 9fe I n
Vivo From Atto ‘t’@ﬁﬁ b€t el

(2/22/.00) @L %%ﬁ%ﬁr&éﬁﬁﬁrﬁﬁgégﬁd gl%flg ﬁegl?O?hﬂdro’??S Conil}l)osulx? ?Sons

U S. Pat erlflfstmﬂoed @bavz3, Iwﬂy, herpampreads ocaqes we@/%%@b org aémsrae tigsperemored d
Tendon b? ol sur qrﬁacf?&;%“m EQ Geeditds Privi ?I Rio fH&s&?oe@h)y HobbdiPaRp) 25

Pr epar ssue Iva ntrac A Col | agen Gel Layered
On A CO| IHgmar Qudbell (67Pané r(t 9. Hammzsumb Skqaéxpom@seﬁomtthmstrore@f 1/ 92)
Al ginate Cels

Re- SurfamY‘?@‘:W&F?c%Fv 5 Z%%@N%deé&npom @&ﬁ?&%&)éﬁ %S%Wﬁ%ug% 331,

Tubo et atbovind/ s%ﬁﬁﬁ)s%/bhlbbdﬁ:bﬁmhxﬁmtpm dokiblotics dxdrplattd atRRR00r celbi/well tin cul ar

i (1177190 ot el o7 Do lalle CSALEREHD: By ooe b BRI ARATRRE .

Ther eofs TheopPnesRr ahd MEWdIQH sy b Wwinitht b Fheledls raidxdtured ne pfimiry yulyres foe

foll owing exanples. This invention howey be enb | ed in
different %petas e ihoular fllo %mﬁrﬁ Plating. " Cells are farves ypstiaBH

~ digestion prior to differentiation/implantation.

Hu'man adipose tissue-derived stromal cells are tested for hematopoietic
differentiation based on a bone marrow repopulation assay. Immumodeficient SCID or

20 nude/beige mice are lethally irradiated with 11 Gy of <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 guantities of approximately 107 cells per
teansplant Hematopoietic cells of murine origin (1 0’ 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. Altematively, the
human- stromal -cells are mixed with the murine hematopoietic cells at a ratio of.
approximately 1:10 prior to 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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18 construed as limted to the enbodi nents set forth herein; rather, these
enbodi nents are provided so that this disclosure will be thorough and
conplete, and will fully convey the scope of the invention to those
skilled in the art. EXAMPLES 5 Exam|le 1 - Hematopoietic Conm tnent by
Adi pose Tissue-Derived Stromal Cells A Stromal cells are isolated from
human adi pose tissue according to the nethods described in U S patent

2Pl T cat | oty A8 2402 naF ol 90UBGY Bbmehtd i ABRAS silnodtich 2 e

-incorpora y reference), and using the nodifications to the grow
medi um as aniftediss ifrdummb hematoppicticf ¢efl markarnicipdiagdid sehlieitedierkyilsdl eglled from

adi pose tissue, r v L | uetd qt(ugg Q I—!?;]
proceduregla%l%eg’/ifgilgl@daéis)g%%(kg@dag% E{o@gé}f’ﬁ&%ﬁ%{&@ﬁgﬁ OO(EI%I(F El87) and
(1974); Hander) ThepecentiPecaitioppb pstipheral hematopveetistoesraf humas vadva rmim®ct | on
were resuspended, in . hi gh ql ucose) nedi a _containing 10% fetal _bovine
sor um SSuPBERCR deteBpBL ol Mata S Tite BRESOP B8 BRHDRGH ainitet S0 g

ce: : s/ wel lhaivBs X te@&lﬁhsnﬁﬁec_teﬁetoviﬁ!%tﬁo glg}n@ggﬁiﬁ dddalyd fqalbs@wﬁc( h&gatﬂzlin;ieﬁelﬂn)aagelhe |
cells were then placed in i,ncubat or, and all owed to settle
over ni gt TovRcsBes e TeloriElase cOBR i) Eeyr Cellt Gre SaTBEN et up
to 5 days ch@bi-ak RemidtitubRkceRt @btho for@pbdiSe Bie@ed Rinaaicadl Dy trypsi ul EDTA
digestion prior to differentiation/inplantati on. Human adi pose

ti ssue-derived stronmal cells are tested for henmat opoi eti c
differentiation based on a bone marrow repopul ati on assay. | mmunodefi ci ent

SCI D qp ) nugighbe h% ?ﬁtﬁ&e%ﬁ drfh R duit HubdaR ghtined ééMaItJE! Nip6dtcBén and

‘y-irradiation in a '

dose and mai ntai ned " on a diet of acidified water

and aut oc ladipess-devivel strqmel tceloiseleted i evifrg apqoding kb he ragleodsulescabed phoveane

animals a LSRl ' cll.lgli' | : :
transpl ari!t:ﬁ1 ﬁ%an%tagép‘g?%’[aaﬁicagg%% 0 ﬁggof%gagﬁggf Fyﬁtt((?%ga#g%%ogﬂ i?lrﬁ%%lgténrgl ved
cel I's) or msMBEM (highegluchasiremedinr tagitaining 6%aftiab douingd seiuge $% ebhick erbrye

i ntroduced jnto t.he.mce 16 ur ol ] . | irradiation by
I nj ection G#Fﬁc u’ﬁ’ﬁ afuﬁgio & %I %/’}ealeh g?l{sraé% %#vgs?%d??%wgsélﬁb]?% (thg%{r%%? k) @é g’ t he
human-5st diffsdntiaiediniplantationri xed with the nurine hematopoietic cells at a
ratio of. approximately 1:10 prior to transplantation into a sublethally

i rradi at ed hosCelhadaldsed tmmedittelynfon patientsowitie berhatumictie pigudend, isach assthaly .
Ani mal s are, tr.ansfused under, net hoxyfl urane, . anest hesi Six, tp twelve
nocke. T of FOlATRE Pel o SFRheRRY: O hiarea Ve of SRREST Fole Bkt ofad dEite

medical need by that patient or a histocompatible recipient. Stromal celis are infased into the

recipient 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 matrow recovery is
monitored based on detection of newly synthesized hematopoistic 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 Stromal 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 a medium composed of, but not limited to, DMEM (high glucose)

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

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



reci pient animals and subjected to flow cytonetric analysis with specific
nonocl onal anti bodi es for human hemat opoi etic cell markers including, but
not limted to, Thy I (T cell nmarker), B220 (B cell nmarker), Mac 1
(macrophage marker), and HLA (H 2K, human narker). The percentage of
total peripheral hematopoietic cells of human versus nurine 5 originis
determned. In simlar studies, bone nmarrow and spleen fromrecipient mce

are harvested ﬂa?é'ﬁh&ﬁfaﬁ@drx&o'tﬁb x@wn&&eeﬁ%m%fﬁﬁeﬁa@ﬁ&% rﬁf@@%&f'c
henmat opoi eti c Ilneages These studies utilize nethylcellulose colony
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hemat 0poi ekgmfl 48 @ UElRh Bf 4-S4kih ﬁ%ﬁa th8 Qlrfack 6F e WlatD THeGFoul® ESuARQIEMBRAPY, OF

cryopreserved for future use in the event of an acute nedical need by that

patient orthg Bwai fopp eniaqfipdn i 0 wekso fnimalg are) arthapiged bif mbaeerdint o t he
reci pi gpt 10650 d@%tmfgge;gm gomQWk&mgm R0 5l ]88, 3%

fol | owi ng any event su rapy or irradiation that séverely
conpr oni sebuffieie pastformaldeliyder tand nthem dl A% mewarese. coﬁb@thmle% arGt gxemided sbem

cells are marke [ e I foll ow
their fate'fo '°%15W°£"“P?%’Lis“§ﬁ’é ?"glﬁﬂ;c}n. E i tﬂc%é? acce é%e&lag%née&lrr%rrow
recovery i ﬁagnml)l dnd reepireésmeﬂ cali linkepe spiecific M&kmvﬂwdmymoﬁiﬂmanedu survival,

henat opoi e cells OLd ce Ld cel I hI‘.OI d ceI I

pl at el et s) ePﬂaémﬂ'eg’?% agonpfs ‘%)eécr@fq’egy s@ﬁ’%‘ﬁ l? c

met hodgs Elﬁ&élﬁig@mﬂ:t Auohesc e dlyésodr fenetivl dnpinedring\of kheails ﬁd&rae smpﬁntaﬁwwimr i ved
Stromal Cells - A Stroma], cells are isolated from human adi pose tissue

accor di ng ViRl paetsRsn hegenst ri bed above. The cells are cultured as
primary cultures for a period of up to 5 days following initial plating in
a medi um conposed of, but not limted to, DM 3M (high glucose) 30 nedia

2t 37 C Bl | Sl el evisden) Tor BUrHh GO AR ST U EYS 6 Adnaa O
di fferenti gideminiol BRRbBAS R ANoge’Bc transplantation to a histocompatible recipient according
20  to the methods described above. The cells are cultured as primary cultures for a period of up
to 5 days following initial plating in a meditun 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

traniovascular accident (stroke), Parkinson’s disease, or Alzheimer’s disease. Cells are

infused into the striatum of the affected area of the brain using a neurosmrgical 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 genetically engineered with

genes encoding enzymes designed to improve CNS fimction, such as dopamine metabolic
enzymes in the case of Parkinson’s disease, are used as appropriate to particular disorders.
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Cells are transplanted into the central nervous system of imunodeficient
mce or rats. Nudelbeige or SCID mce or nude rats are anesthetized in a
seal ed chanber using 3% halothan e in oxygen; anesthesia is maintained by

i ntramuscul ar injection of 6ng/kg of xylozine and 60 ny/ kg of ketan ne.
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transplantation to a histoconpati bl e recipient according 20 to the nethods
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striatum of BME TR ur 3y oach.
Wher ever possi pﬁéﬂ Eﬁ%‘%cgﬁ ogi caﬁa{h fgw ed, m@\#%ﬁhﬁuﬁ%@i \(/xgngrr%f’ o@s{r are

used. Cognfetal buvinesserhmyd 0 %mwbormfcal serumn ams¥ nuclmmdestm:lal(cml/muhumy sThan ar e
fol | oned af el t he su t dog¢cunent nment s _secondary. {.0
transpl ant Bt CORIEF fnag&?%ed i %ga%’a qlmger?élh%q%%r & WERe géﬁééﬂﬁeng
enzynes deasédiwmeds teplad:eﬂpmdi/me &Enﬂwnﬁﬂrolmﬁndmmchﬁamxdmﬂmmez At abedliuge
enzynes, i n.,th ase of d| ase, used rorlateto
par %/i ar(d@f g da%lépgsagef%e e control m ium supp‘il eﬁ J:t)h

_ retinoic acxd at concentrations of between 10° M to 10’6 M, most preferahly at 5 X 107 M.

day 8 after passage, the cells are ready for evaluation and use in the treatment of a spmal or
peripheral nervous system traumatic injury model.

25 In vitro evaluation of the cells is performed by passing the cells from the
bacteriological culture dish to standard tissne culture dishes to provide a substrate 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 Il beta-tubulin, the M subunit

30  of neurofiliments, tyrosine hydroxylase, gluatmate receptor subunits of the GluR1-4 and
GIuR6 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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21 Exanple 3. Neuronal Comm tnent by Human Adi pose Ti ssue-Derived Strom
Cells: Inproved Repair and Functional Recovery in a Traumatic Nervous
System Iniury . Stronmal cells are isolated from human adi pose tissue
according of an individual - patient for autol ogous or allogeneic
transplantation to a histoconpatible recipient according 5 to the nethods
described above. The cells are cultured as primary cultures for a period of
up to 5 days f t s, ot
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The cells A |ne e al rans | et i u enent ed
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systemtraumatlc |cﬂeury podel. ' 25 In vitro evaluation of the cells.is

per f or med 9RO sprrific markersrsulh s fout ngs sxelsively. fdpromatoug noliwgsigicali . ¢ o
standard tj$gYgokidt WBLECOLE hﬂﬁoctfv,& Epeoific dfarRers WASH bttt fridk ex@hdiddliy n?.m
he EI r

Cells are allowed to adhere to pl asti ¢ and eval uated based on
nor phol ogyfibrillsrs peidie proteip.t GEAP, rﬁ@drnshr&palcwﬁh &% ot noligxelysiyelys naugon-Peeit

their expr ﬁﬁﬁﬁlmoé}g&ﬁ, NI eoRk aﬁfl@gzumﬁg%mae& Audh sigsciﬂétmm&m

limted t ta-tubulin, the Msubunit 30 of neurofilinents,
tyrosi 2@ hymwmce@mmﬂacﬁdﬁ@mmmn subunits of the G uRl-4 and

Alternatively, the isolated adipose tissue derived stromal cells are cultured as primary
cultures for a period of up to 5 days following initial plating in a medium composed of, but
not hm1ted 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 ce]is are tested for neurcnal differentiation
based on in vitro assays. Human adipose tissue-derived stromal cells are cultured at
concentrations of 8,000 cells/fcm® 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 concenirations of 20 pM to 200 pM in DMEM with 0% fetal bovine serum for periods of 5
hours to 5 days. Cells are fixed and examined for the expression of neuronal differentiation
by (a) morphological criteria; (b) immunohistochemical, immumofluorescent or flow

cytemetric criteria; (c) immunoblot criteria; and/or (d) polymerase chain reaction or northern
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G uR6 classes, glial fibrillary acidic protein, myelin basic protein, and
brain factor 1 (Bain et al. (1995) Develop. Biol. 168:342-357). 22 In vivo
eval uation of the cells is performed by transplanting the cell aggregates
into the syrinx that fornms around an experinentally induced thoracic
spinal cord lesion in rats (MDonald et al. (1999) Nature Med.
5(12):1410-1412). The thoracic spinal cord injury nodel (thoracic vertebra

- 9-10) is chlepiRbsisRf kﬂﬂﬁedﬁﬁmr TeBs b iakt@ssad i ﬂﬂahaéiipfe@ﬁon? oPa BiBsétbfhe
dianeter falling 25 mm On the ninth day after the Injury, adipose
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but not exc usi ve neuron s ear prot zation
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Ser um soptoms i Eed o o9 S e e R bRt 370 £ LR Y

harvesied %yl bethbiBstd vyRpAn IR HigetioR piid o difRrehfation/implantation.
differentiationlinplantation. Human adi pose tissue-derived stromal cells

are tested for Augosotiadhe-girfvee iesiial adlisQre trddgfl@flediftol imtnbAFicRESAMS mikdIMBN
adi pose tissue-derived stromal cells are cultured at ,6 concentrations of

8,000 cel | GF¥g 2 figpseone dor,the mRUISVRIOE ISR BTt uRkinpseAppe, Plastpogen
activator fasion gene {Weglarz TC, Degen JL, Sandgren EP 2000 Hepatocyte transplantation

1

into diseased mouse liver: kinetics of parenchymal repopulation and identification of the
20  proliferative capacity of tetraplmd 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 a 4 month time course. Evidence of liver regeneration will be
25 assessed based on histologic and molecular biological analyses of the liver tissue.
Immunohistochemical and molecular biological (Alu staining) methods will document the

- presence of human cells in the regenerated liver.

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

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



bovi ne serum and antibiotics. The cells are then treated with antioxidants
such as BHA at 30 concentrations of 20 pMto 200 p.M in DMEM wth 0%
fetal bovine serumfor periods of 5 hours to 5 days. Cells are fixed and
exam ned for the expression of neuronal differentiation by (a)

nor phol ogi cal criteria; (b) imunohistochem cal, imunofluorescent or
flow cytonetric criteria; (c) inmmnoblot «criteria; and/or (d) polynerase

chain reacpieem-ﬁ&a)temt& h8pseyred MN&HE&:WD&O,M9 PRd ek asy PNY®, andRlids are

‘assessed for their expression of a subset of the follow ng néuronal
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by Human Adi posStrofhiab edlie-wEk ibis \ntcbdGte dntal theCeplldes, odrcultiom md/or pdritsneamenfias ol at ed
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medi um conpes een&l encBithg NRbyhdsMidshtled Qo RVRVE (ipstle GlnbGaS il RIbd as
containing 10% fetal bovine serum™ 5% chick enbryo extract, and antibiotics
at 37 C. Guwptopriatg$ periiqulasdispridessest ed by trypsi n/ EDTA digestion prior to
differentiation/inplantation. _ Adipose tissue-derived stroma | cells are

transplanted into immunodeficient nude mce carrying a transgene for the
nouse maj or urinary protein-urokinase-type plasm nogen activator fusion
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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,
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| mmunohi st ochem cal and nol ecul ar bi ol ogi cal (Al u staining) nethods wll
docunent the presence of human cells in the regenerated liver. B. Stromal
cells will be isolated from human adi pose ti ssue accordi ng of an individual
30 patient for autologous or allogeneie transplantation to a

hi st oconpati bl e reci pient according to the nmethods described in "Methods
and Corrpomgfor the Differentiation of Human 24 . Preadi pocytes into
Adi pocyte al Nunmber 09/240, 029, Filed January 29, 1999, and using
the nodifications |listed above. The cells are cultured as primary cultures
for a period of up to 5 days following initial plating in a nmedium
conposed &f, bdém iselated;adiftosel tissne debived/stidrngihcellghatckesd)cemintlvaed tmexprassng 10%
fetal bovine s L4 5% %hi th' e%g)r%eo ex}r‘g\ft, and antibiotics 5 at 37 C.
Cell's will be KAPVESH ?11'8‘3?“ F%/ A TTPEBF °% "gestion prior to
differgntiation/inplantation. Stromal cells will be introduced into the

spl een, circul ation, and/or peritoneum of aS@Eati ent sufferi n(?itf rom

degener at Bve | iAeisolgied edinose dissugrilerised giromalsesdohatahap hegn induged fonxsuessot,
toxin ingesti o%astocglei ﬂg%t'gﬁﬁ%@ftﬁﬁ'a‘isff@aﬁ%lﬁ Wher ever possi bl e,
e(f, m ni na

radi ol ogi cal | y gui 'y invasi ve nethods will be used to
inplant the cells. Cells genetically engineered wth genes encoding

enzymes dgsi ghed to igprove hepatjc function w be used as _appropriate

] : | |
to particdtar dMsriaeradmosnsssdierivehsiranal ehldthel brsrbeeniticad it sxripsstate
invenypon will 1&%&9@@%&&%%@&@8?&15{#5 %ﬂtﬂﬂ&éﬂa art to which this

i nvention pertains having the benefit eachi ngs presented in the
foregoi ng descriptions and the associ ated drawi ngs. Therefore, it is to be
understooq that the i.nvention is, not.to be l[imted to the, specific

embodi ment's di ot BRI rsue istved somd rellher Basrhern et fo rimess s
intended to beiéagtcddé(@ggmweﬁm({bfta}}%pgﬁ@m_of the appended clains. Although
specific terns are enpl oyed herein, they are used in a generic 20 and

descriptive sense only and not for purposes of ]J.imtation. 25 CLAIMS 1. An

i sol ated adi po ' e deri stromal . cell at . h been. i.ndyc to
expr elé a? " | eas %S%lﬁgeﬁcﬁﬁl roglézﬁgg‘}es#e d Q%Ftr%mﬁle ?l%ﬂigf h%sfﬁqe.n %ﬂﬁer%ﬁm? oﬁuzﬂled
adi pose ti ssuetiteftindean sseasedf phesdtlpit Aalpobamadiesn | nduced to express at

6. An isolated adipose tissue derived stromal cell that has been induced to express at
least one characteristic of a neuronal, astroglial, or hematopoietic progenitor, or
20 hepatic cell in which at least 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 freating a neurological disorder in a host.
30
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| east one characteristic of an astroglial cell. 3. An isolated adi pose

ti ssue derived stromal cell that has been induced to express at 10 | east
one characteristic of a hematopoietic progenitor cell. 4. An isolated

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

| east one charact eristic of a hepati c cell. 15 5. An isol ated adi pose

tissue derlved o) cell th s been dedi f.f retlated such, that it
has an abgence ‘bﬂgﬂ’@f)%l’t’ésuﬁd ﬁﬁ?‘Rg]r§ N mgyred 18 SFRIESSaal Jersk MPssue

derived stroma Ehzﬁ@éténétf&aéf a}"ﬁe%aﬁ@ 231 'f&dﬂﬁﬁ SRarfuac BN P08 3Smadicarh&AThr MFoving
characteristic of a neuronal, astroglial , or hematopoietic progenitor, or
20 hepatic cel hepaticviiiationan 2 petat. one non- endogenous nucl eic aci d sequence
has been introduced into the cell. 7. Use of an isolated adi pose tissue
derived stromal cell that has been induced to express at |east one
characgeriglic ofseaomadipeieatisss! derfved dthgndreniik aglitded & eRpredd afrBelst et
for treating a neurological disorder in a host. 8. Use of an isolated

adi pose ti ssueCHEAGIGRHICS OF omhef@?éml’m@tWatpfﬁ%@HtBéeWﬂl deudhe menufasipreed at

| east one char nufacture of a
medi canent for eﬁigzg%n%mﬁ)r urlc‘)jg%frnga %lhgglr% lmfll?l{ égﬁgg? 30 26 9. Use of
adi pose tissue derived stronal ceIIs i nduced to express at | east one
characterl stl c of a hepatic cell for the mapufacture of a nedicanent for

i npr ovi ng Ll hepdt imaethodh cior ofiediffergntinfinge Agolaterd 1aglipqsg e tigsne-dgrigess estiopad yeells
deriv stroma r f a
ot ooi et i ¢ 57 apanne AR BoR AR lisco ARk AP Gror TLAEARL Sk inf

i mprovi ng hemasapeekd inanedium coinprising serupednidemtembi-fonidextetchod f or
dedifferentiating isol ated adi pose tissue-derived stromal cells 10
conprising: plating said isolated adi pose tissue-derived stromal cells and
i ncubati ng, saiad 56hbS fob IREMABMEAIE SR Saﬁ{ﬁéﬁé andudBerPrEar ¥QHhel @¥fig act .
12. A nethod for dedifferentiating iSol ated adi pose tissue-derived stronal
cell's, conpri sbmprisipg enlatn'@ spéd iolatagl asipage Aigsusalsaived steraaldetls wba densityrod]
cells at a dens'}t%réﬂn%at lﬁ@@; En S%b(abyce}ls}c):oe t 1ncgba%ng s?a‘ia&l {ls in med(iium

|ncub$ i ng sai &
comprising i) serum; ii) at least one compound selected from the group consisting of:

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; 11) at least one compound selected from the group consisting of: growth
factors, hormones, cytokines and serum factors; and tii) 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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conprising i) serum ii) at |east one conmpound selected fromthe group
consisting of: growh factors, hornones, cytokines and serumfactors; and
iii) optionally, an enbryonic extract. 20 13. A nethod for inducing an

i sol ated adi pose tissue-derived stromal cell to differentiate into a cel

of non-nmesenchymal Iineage conpr|5|ng platlng said isol ated adi pose
t d d t |
compri sind51)  Bereied o] B2 SoRe VRstb e Abep ey St Aot Hegt el

consi sting of: aggrl@miedﬁ@cbmeﬁm d§@lﬁ§§}e_ cyt oki nes and serum factors; and
iii) an enbryonic extract. 25 14. The nethod of claim 11, 12, or 13,
wherein said adi pose-derived stromal cells are human. 30 27 15. The net hod

f cl d | cell
are’i sol aitdh et ot EeHE 5 Yl adehBRld AAEITREL KB serfl T ©T

or 13,5wherein said serum | S fet al calf serum5 17. The nethod of claim 16,
wher ei n s d fe%‘a cal rumjs present in said nmediumat, a _concentration
of about %%i&' fclaim 16ppdierain prad) fsel calfzprnm 15 progeat s saidsmpdiument a)

cal f ser um | S 10 a concentration of about 3 to
S e

10 percent. The net or 13, wherein said nmedium
cont ai ns about 1 to 30% enbryonic extract of chicken. 15 20. The method of

claim 19, nce on of, ic extract of chjc

about 5 td°15 S‘éﬁwﬁlﬂ%%‘fclm%nﬁ St TR e PI@“WR‘&%‘F%&“@
growt hof act or agoa@inati®flof b 3 Re1@FRsAt. Cconsi sting of . EG-, aFGF, bFGF,
NG, BDNF, bone norphogenetic proteins, ciliary 20 neurotrophic factor,

PDG-, HBG-, 1G-I, I1G-I1I, TG--a, TG-P, IL2 IL-3, IL-7, erythropoietin,

Kit | d/ I i 22 The d
S o SIS of PSSR TR 5 BB AR
hor none, i nsul iembéytaid 3taki of chidken.gr owmt h f act ors.

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

is about 5 to 15 percent.

21.  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, IGF-I, IGF-II, TGF-a, TGF-B, 1L-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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25 23. The nmethod of claim 13, wherein said cell of non-nmesenchymal |ineage
is selected fromthe group consisting of hematopoietic cells and neuronal
cells. 24. The nmethod of claim 13, wherein said plated cells are capabl e of
introduction into a 30 mammualian subject. 28 25. The nethod of claim 24,
wherei n said adi pose-derived stromal cells are isolated fromsaid subject

26. A pleytipotent s e ced .fhe nethod of clajm 11 or
27 A hendsopoloF Bt P SlaLAb dVRCesich A pee e vAB RO bRl B idsied 55
A neur onal celhbgfggygﬁgm@ccordlng to the method of claim113. 10 29. A

pl euri potent stemcell generated fromisol ated adi pose tissue-derived
stromal cells. 30 A use of differentiated cells of a non- nesenchymal

| i neage o aln | at.i i.sol at ed. adi pos i ssue-deriyed stromal cells
at a dens?% t?gSG%Hfgéﬁo‘%@&Pgﬂgﬁﬁaiﬂ%ofﬁﬁﬁ%ngﬁ ‘said cells in
nediunsconpr|5|ng serum and an enbryonic 15 extract; for the manufacture of
a medi canent for introduction into a subject mhereln cells of the desired
type are 2ypi cdihepaiopaietistcelipredicedagsordingity the method of chomrtdt  subj ect. 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

sai d cel | 28ype A seudsial og)l pratiuced3dcording tol it méthed ef ¢haigD13.wherein said site
is intravenous and said differentiated cell type 25 is hematopoietic. 34.
The use of claim 30, wherein said subject is mammal i an. 35. The use of
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for the manufacture “of I nprovin ematopoiesis 1n a
patient. 29 37. The use of claim 36, wherein said cells are capabl e of
adm ni str gbl OnAb}llse! g]’QI%lﬂ.%ed cells of a non-mesenchymal lineage obtained by plating
isolated adipose tissue-derived stromal cells at a density of 1,000 to 500,000
cells/cm’® and incubating said cells in medium comprising serum and an embryonic
15 extract; for the manufacture of a medicament for infroduction into a subject wherein
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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infusion. 5 38. The use of claim 36, wherein said cell is transiently or
stably transfected with at | east one nucleic acid sequence. 39. The use of
claim 36, wherein said cell is infected with a viral or other vehicle
containing at | east one desired nucleic acid sequence to be introduced into
said cell. 10 40. A dedifferentiated, isolated, adipose tissue derived
stromal cell capable of being induced to express at |east one
characteristic of a non-adi pose tissue derived cell. 41. An isol ated

adi pose t Bgsue TURhkY 8C18H B hez&h |saiH|h;%§se F&lé%aggﬁé‘ of BHEeHatioh B¥ B{htf'a%én(ﬁlfs 15

| east one characteristic of a neurona : . A conposition that

i ncl udes an adimpgbsient i ssue derived stromal cell that has been induced to
express at | east one characteristic of an astroglial cell in conbination
with a pharmaceutically acceptable carrier. 20 43. A conposition that

i ncl udgs 38. adiTpease 6f GEHE3 6] hewdtlsd EEMBlradsichily SidtatlR ralFedled Wit dERGkt! O
express at | east one characteristic of a hematopoietic progenitor in

conbi nati on wi PHe Bugdeiappifceqieneal |y acceptable carrier. 25 44. A
conposition that includes an adi pose tissue derived stromal cell that has
been induced to express at |east one characteristic of a neuronal,

astrogl i aB9. heMatopss ef clkaim 3, Wwiepahisaiddedl] isemfwedd wither eirfl at otheaséhiclee
non- endogenous nuc) ei c acid seguence _has been introduced into the_ stromal
cel |, in conbi RERPGHEAH W%Prﬁtfgﬁlﬁ%‘%ﬁql%%‘}lql?quﬁﬁ@éﬁtbﬁbﬂl@@éﬂ ingg saigeelBy 45,
An isghated adi pose tissue derived stromal cell that has been induced to
express at |least one characteristic of a neuronal cell in a tw or three
di mensi ondD. f r #&rdediffkrentiated,alsblatellp rdipngd tissuatdecned stromal belktapabled6f béing
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three dinensional framework suitable for inplantation into a host. 47. An

i sol ated adi pose tissue derived stromal cell that has been induced to
express attl.  Anisolated 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



10 |l east one characteristic of a hematopoietic progenitor cell in a tw or
three dinensional framework suitable for inplantation into a host. 48. An
i sol at ed adi pose tissue derived stromal cell that has been induced to
express at |east one characteristic of a hepatic cell in a two or three
di rensional framework 15 suitable for inplantation into a host. 31

45.  An isolated adipose tissue derived stromal cell that has been induced to express at
least one characteristic of a neuronal cell in a two or three dimensional framework

suitable for implantation into a host.

5 46.  An isolated adipose tissue derived stromal cell that has been induced to express at
least one characteristic of an astroglial cell in a two or three dimensional framework

suitable for implantation into a host.

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

dimensional framework suitable for implantation info a host.
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

15 suitable for implantation into a host.
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