PLEURI POTENT STEM CELLS GENERATED FROM ADI POSE TI SSUE- DERI VED STROVAL
CELLS AND USES THERECF 5HELD OF ME | NVENTI ON The invention is in the
area of pleuripotent stemcells generated from adi pose tissue-derived
aroma'  cells and uses thereof In particular, the invention includes

| sol at ed adi pose tissue derived stromal cells that have been induced to
express at | east one phenotypic characteristic of a neuronal, astroglial,
hemat opoi etic progenitor, or hepatic cell. The 10 invention also includes

an isol ated adi pocyte tlssue derlved ona |1 that ha been
dedi f f er ent i attdEEIERTENSTHM Q#&ER%@E@%FSF“§EE§ TESHenot ypi ¢
mar kers. BACKGROUND CRERTMED STRAMASCELLS ANR st meet the
following 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 population to replace an absent teroainally
differentiated cell popul ation when transplanted into an ani nal depl eted
of its own natural cells. The neonatal period in human devel opnent is
characterized by -the presence of "stem' cells with the potential to
devel op along nultiple differentiation pathways. The term nal 20
differentiation of these cells is determ ned by cytokine and hornonal cues

whi ch cg-ordinate or ganogenesirrB ek THe INOERTEON ect ure. Mirine enbryonic
stem (ES) cells have been isolafed ana stirtched extensively in vitro and

I n vivo. Using exqQgenous stlnull I tr I nv stl at ve |nduced ES
cel | differentigeiynuep &g cmpge cﬁ‘g’gﬁt %%teéé?f@ ey s
i ncl ude na&@ﬁad stromal bdﬂ@&gﬁlsleayﬁabﬁﬂ B pﬁaﬂiaadhmcwnasmémllseﬁte@dmpoéel%?)
1. Cell Sci. 25.1 0:1 9; .Renp t et.al. (199 th Dev,79: 185;
O Shea, s st do] kT Mel U9 pgsbees GHFed 6 GPRS bRy FEEAET
”BnlpU'atedmhﬁmﬂﬁmamby:hmﬂmmpgmbgmiﬁﬁamhuﬂﬁm¢@m@bﬂmhnmquq&m:ch'nm
10 invention also includes an isolated adipocyie tissue-derived stromal cell that has been

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

BACKGROUND OF THE INVENTION

A stem cell must meet the following eriteria; (1) ability of a clonal stem cell

population to self-rencw; (2) zbility of a clonal stem cell population fo generaie 2 new,

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

replace an absent terminally differentiated cell population when transplanted fnto an animal
degleted of its own natural ceils.

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

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

20 - differentiation of these cells is determined by cytekine and hormonal cues which co-ordinate
" organogenesis and fissue architecture. Murine embryonic stem (ES) cells have been isolated
and studied extensively #z vifro and in vivo. Using exogenous stinmli ir vitro, investigators

have induced BS cell differentiation along multiple Hneage pathways. These pathways
inclade nemronal, B lincage lymphoid, and adipocytes (Dani ef al. (1997) J. Cell Sci

25 710:1279; Remonconrt ef al. (1998) Meck Dev 79:185; O’Shea; S. (1999) Anat. Rec, 257:32,
1999). The ES celis have been manipulated in vivo by homologous recombination techmiques
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1 to generate gene specific null or "knock-out" mce (Johnson, R S
(1989) Science 245:1234). Once ES cell clones |acking a specific gene are
i sol ated, t-hey are transplanted into a fertilized am ne zygote. The
progeny of this isolated BS cell can develop into any and all nurine
tissues in a coordinated manner. 5 Miltipotential stemCells exist in
‘tissues of the adult or anism The best characterized exanple of a "stem
cell" is the hematopoietic progenitor isolated fromthe bone marrow and
peri pheral blood. Sem nal studies by Trenfin and col | eagues (Trentin

1965) Cardiovasc. Res. Cent Bull 4:38; .Till & I . . Res.
(14: 2123) ex ai;?i %‘E‘Hat? E“'tnﬁé?eﬁ'gg P g'i:lmi]‘ﬂ?%amﬁiﬂ(}:“é% dr‘fh'ﬁsof]hl\ﬁe'%g{)ﬂsg g%rc}g ecge %‘f%%%%ég?‘ nt,
t hese ani Mapgc:dieedi BREa kikink A epyeciiaigkechrd igoldal, thepire inshlatthdinto afertiizddat i ng

bl ood cells; however, .transpl antati.o f.done .cel r syngenei ¢
donor ani maPEReTENEd HH BRI ° a{ﬁimsgpa?e%ﬁgceggﬁ%”?&%@ I“ggvia/lé)? édr%g%%i bl e

for repopul gishdaGn aédordiatelild@ngdry cul ati ng bl ood cells. A wealth O el egant
studi es have gone on to denobnstrate that donation of a finite nunber of
undi f f er gnt i at.eqviigporinageicti detls exdsein tiseles of thesadulbpraiptissr- GFhebesy ehmeacterzady each
of the eight or re differepnt . bl god.cel I ' Sd Qgmal .
This work h%??mﬁiﬁg’?iadﬁﬁnf %_@lsf*sm eRoidge é’gér%@r%%%ﬁ?drfé%ég’fegﬁt aItﬂ%[o?brf a wi del y
accept ed t hpgppasttilsodmSialiial yulies by Tt asnebleaghesr Fraiin §1965)ofendisvestol | sm

{nr oughout R werk e £ it & DR FATRF Rt Rl P DR R YR e M

exciting newagiicdemes Ik dbeamt opobait, hesogeiniatsodisd heopusadbeybiled #9i t ed to

Cal gar y WavEPEHEn B BRARIPS e Sp npeitie repilon ol iy v Bt 0}

al on% Peu[lolgs?kmﬁﬁldon@ﬁmd hrq@aiea\m/}]sosmhm t Tresdpnotetdlls weer wsponsibls fhrant ed
iittOlethally jrra host.s ILNVest i gal - t ence
of donor cewﬂm‘ﬁ“ﬂ%%gﬁtﬁe ﬁﬁﬁ%!’%ﬁﬁ%& %ys%ﬁagﬁgpé%a&lesbﬁgp%yﬁ ééglla P,gﬁ,s
ﬁ/E{j_or nsonh(aMSMﬂl%ﬁmMﬁd 3f5$ﬂ1)tendnﬁmde_eﬁungﬁemmt@ﬂt' : hembpﬁayl%@rﬂ@?ﬂse?et O]::I
i ci ne have erformed simJar siudi . : ate
from t nmi necaé’Ré? 8? HEeeERg Sf_"?’\]%#c sgﬁhe?r Ig?% ?‘%E%S ﬁ%kﬁ% %g&fgﬁéizl%ﬁo\%/ﬁen
these nyscl grgl@r Mue shofketlak prowidediht basirst ne mekrawnirasplentiiian) amidely antepieded

hosts, the invest.i gators, detect eg. he pres %@@iﬁhﬁm&% SHeR&LHRr kers
inall bl ooﬂlﬂ'@%?“lﬁcgﬁ"a?g‘gg@& ge erofn{)nﬁgssog Studies indicate that neuronal
and nuscl e §dis $&i@Sn present in normal human bone marrow thronghout life; they are not limited to

the neonatal period.

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

20 the bone marrow microenvironment, Investigators at the University of Calgary have
examined neuronal stem cells, which routinely differentiate alofig neuronal cell-leage
pathways. When these cells weré transpianted ifito lefhally irradiated, hosis, the investigators
detecied the presence of donor c_eil markers in newly produced myeloid and Iymphoid cells
(Bjornson (1999) Science 283:534). Investigators at the Baylor-College of Medicine have

25 performed similar stndies using satellite celis isolated from murine skeletal muscle (Jackson
et al. (1999) PNAS 96:14482). When these muscle-detived cells were transplanted into
lethally irradiated hosts, the investigators defected the presence of the muscle gene markers in

all blood cell Imeages Together, these studies indicate that neuronal and muscle tissues
contain stem cells capable of hematopoietic differentiation. This suggest that sites other than

- 30 the bone masrow. may provide 2 -fenewable source of hematopoietic progenitors with
potential application to human diseasc therapy (Quesenberry et al. (1999) J Neurotrauma
16:661: Scheffler e al. (1999) Trends Neurosci 22:348; Svendson & Smith (1999) Trends

Neurosci 22:357).




contain stemcells capable of hematopoielic differentiation. This suggest
that sites other than 30 the bone marrow nay provide a renewabl e source of
hent at opoi etic progenitors with potential application to human di sease

t herapy (Quesenberry et at (1999) J Neurotrauma 16:661: Scheffler et at
(1999) Trends Neurosci 22:348; Svendson & Smth (1999) Trends Neurosci
22:357). 2 Just as neuronal and nuscle cells are capabl e of
regenerating the irradiated bone marrow, bone marrow derived cells are
capabl e of repopul ating other organ sites. Wen bone nmarrow derived
hemat opoi etic and .stromal .cells_ ar s | I el q Wi an
injured |iver, tH%j”éF%“%%B%tF%m% a?%&%ﬂ%@%@?hggﬁg%atl Q%%ﬁ%&%L F%h?nKthe
host ani mal mafet,eesemaiowdetied k0O aphts dngepd@ing othed)rgansites. [VEdmponghen

| abel ed bone marro tromal .cel | i ' . | .at.enal: tricle
_ of a neonat 2FTR% ¢ V\‘lfeﬁthrﬁflm%er%g aggggﬁrﬁaél%ﬁé %P;n%gslptiaaﬁ%?a@?% iié%ttrﬁoa‘}%h;/%?e |
aﬁt r oclyt esI l(:ﬁiﬁ@ﬂﬂa@the?.bre(cé;&@@))f RhaSaBE E@mpyf&chmw,homab?@w r oW
sh-omal ce r.anspba i e om. 5
§ 10 () BB RTIAY | PhiARC RbP 168bd Yol ol Somb s 26

det ect ed”t hro organ host “ani mal, 1 ncluding the spleen,
| ung, bone dpldelfpia/hetiatere], vesisickeiof ageonatahidonsk ey Worq Peplde phdiBererfiating 1998)

PNAS 95: p1142, 1998 The st udi.e Aaafiy t | umal

cell is capiit E‘a?ﬁe%??qug&? gqp{a%gl?%lgﬁ?%j%%gggnd?ﬁeg‘?g‘?ﬁ rlf)em t Eel r

ori gi nal deggukal odlis Grenirdoi{dpe ietrapalitofcbDp XPNES, By 4G 7detepted throughoatiibe r ecent
devel opnment of entire or.ganisys. fr.oma singl ' { §tent

i th this ngrpee e il R R T W n B B, chBREER Sl

cel I's i30l apmebihlepan G09DTPNAS 91 MAHSASY. Thean sudicusugewstihel bp bouet warzovat ur e

sheep. ha simlar rine studies.. cel. ' - urn of

the ovary cﬂﬂﬁ&@%lc&)ﬂ%{eﬁfﬁmﬁgﬁn&&%@gﬁ %ﬁlﬁsﬁgpﬁ% |es&{sg%%g§tﬂ}a?hat

stem cel | s -@hHiih (adpieh érta) (O)NNASSGAATIIAt e i nto any and all cell types

continue to exist in the adult organism Thus, "enbryanic" stemcells my
be retained thr oibghewht demeopnidat obhéntizmotgamdims Gora le siplETdmon el & cpesrlesfar row
m croenvironge, nt. is.the-potential, . £ L WSS & iXRehNehAcPh o bg M
cells. Cell ?’E%%@%ﬂsr gﬁg‘e%%g;ﬂ%gl%ﬁ @%r%é‘vﬂgﬁ%&r eferred to by ao vari ety
of _. nages pvins\mhmokimyglet could dbvelp|ints 2 matvre fedep.s fre frmilay yogrine plicscepllsgl

stemcel | s (M S eNEOY IRl | dr LN AS ERid ddtbibs e b 2RO HRkd. 2im&e! | s,
and Westen- éﬁf‘%g‘?mce? F%rg%é%e(}fle% al 1903%). Bgnlg 19: 421, 1996). In vitro
st udi es havemdiet spgesttiad stematlistwitebiliteio| differentiate info any and all cell types continue

to exist in the adult organism. Thus, “embryonic” stem celis may be retained throughout the

" life of an individual.

20 The adult bone marrow microenvironment is the potential somce for these
hypofhetical stom cells. Cells isolated from the adult marrow are referred fo by a variety of
_ . .names, inchwding stromal cells, siromal stem cells, mesenchymal stem- cells (MSCs),
mesenchymal fbroblasts, reticular-endothelial cells, and Westen-Bainton cells (Gimble et
al(1996) Bone 19:421, 1996). In vitro studies have determined fhat these cells can
25  difforentiate along multiple mesenchymal or mesodermal lincages which include, but are not
Timited to, adipocytes (fat cells) (Gimble ef al. (1990) Eur . Fnmunol. 20:379), Chondrocytes
(Bruder et al. (1994) J. Cell Biochemn. 56:283), hematopoistic supporting cclls (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 ef al. (1992) J. Cell Sci. 99:131; Dosheita et al. (1993) J. Cell Physiol. 154:317).
In addition, bone marow stromal cells display the ability to differentiate into asirocytes
(Kopen et al.. (1999) PNAS 96:10711) and bopatic oval celis (Petersen ef al. (1999) Science
284:1168). Based on these findings, the bone marrow has been proposed as a sowrce of
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25 differentiate along nmultiple nmesenchymal or nesodermal |ineages which
I ncl ude, but are not |imted to, adipocytes (fat cells) (G nble er

(1990) Eur J. I mmunoL 20:379), Chondrocytes (Binder et a/. (1994)J. Cel

Bi ochem 56283), hematopoietic supporting cells (Pietrangeli et aL (1988)
Eztr. InznunoL 18:863), skeletal nuscle nyocytes (Prockop (1998) J Cel

Bi ochem SuppL.30-31: 284-5), snooth nmuscle _ntyocytes (Chathord), and
osteobl asts 30 (Beresford et aL (1992) 1 Cell Set 99:131; Dorheira et aL
(1993) J. Cell Physiol. 154:317). In addition, bone marrow stromal cells

display the ability to differentigte ing astr cy g% (1999)
PNAS 96: 10 Ftramal siger orlsR Fegensipdm PP © se"‘ri:“" E %83@'%" c‘?‘%ﬂr?lée
284:1168) . aﬁ@éﬁ&iﬁﬁe& hesRevés, &ﬂﬂaﬂﬂﬁnfb&mnhnoﬁsmaiovﬂsmemoehg'piwpbied as a
source of stromal _stemcells for regeneration of bone, cartil age,

nuscl e, adlrﬁb%”ﬂﬁ"%ﬁgm Pt neuronal, and other tissues. However,
extraction of bone marr stru% S‘F“tu R0d,S a8l r_&g&{qif %fms&\tsk and

di sconfort to t:I’l‘é'"0 horran extrane di pose
tissue-der Ia\éﬁslmacefanadeu @@k&ahmm Edentstsi muuelyowﬂi migineakrigiepn dl@e@f‘t&'@‘)t hat

be h ted I th t t
Pat hol og) et Eabgge Frien aieedin s ciinds- 6t SOAN Bl abRabR g2t | on
capabl e of geleddnanpnt diddel ﬁﬁ_ﬂ_ﬁﬁﬂedﬁgagﬂﬂatmpi@ ﬂhﬂamgecmm\a#%ﬂssﬁhmt

common soft tissue tu osar d I f LBOGY.
cells. Softh PP%%@%S’FGY%&P ﬁIP | g| A gf\{% g%‘?(\glﬁe%g conmo These

tunors My rbielydemiios: Wﬁi&@mﬁbrsaﬁhymdebmf mgwlwmmbwﬂm

skel etal ), cartl I bon en AhLE Llign known
as pr onga é‘gg’g‘"&% ‘ﬁ‘gl I%ap 'g% an%geué&nag?lgg{éyt egsc#mgmsbone for
unknown re%ﬁ&ﬂ&hﬂ%ﬁ@ﬁﬁhﬁﬁ&%@shﬁp@y@mh@mﬁ@m@mﬁﬁp@m fic ability of
bone marrowderived stromal cells to unidergo neuronal differentiation in

vitro (Wodbur yR%nt&tud(eQ 058 demhorveatedibe srerifie ability of bone marrow-derived stromal
cells to undergo neumnal differentiation in vitro (Woodbury et al. (2000) J Neuroscience
Research 61:364 Sanches-Ramos et al (2000) Exp Neurology 164247). In theso

15 investigations, treatment of bone marrow stromal cells with antioxidants, epidermal growih
factor (EGF), or brain derived neurotrophic factor (BDNF) induced the cells to undergo

. morphologic changes consisient with neuronal differentiation, i.c., the extension of long celt

. processes terminating in growth cones and fifopodia (Woodbury ef al. (2000) J Neuroscience
Research 61:364; Sanchez-Ramos et al (2000} Exp Neurology 164: 247y, Im addmon, these

20  agents induced the expression of neuronal specific protein including nestin, neuron-5pec1ﬂc
enolase (NSE), neurofilament M (NF-M), NeuN, and the nerve growth factor receptor frkA
(Woodbury et al. (2000).J Newrascience Research 61:364; Sanchez-Ramos et al. (2000)-Exp

Neurology 164:247

US. Patent No. 5, 486,359 to Osiris is directed to an isolated, homogeneous
25  population of buman 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 culiure, i.e. in vitro. _
US. Patent No. 5,942,225 to Case Western and Osiris describes a composition for
inducing lineage-directed diﬁ'eronﬁaﬁon of isolated buman mesenchymat stem cells into a
30 single particular mesenchymal lineage, which includes human mesenchymal stem cells and
one or more bioactive factors for inducing differenfiation of the mesenchymal stem cells into
" asingle particular lineage.




Research 61:364; Sanchei-Ranps et al. (2000) Rap Neurol ogy 164:247). In
these 15 investigations, treatnment of bone marrow stromal cells with
anti oxi dants, epidermal growh factor (EGF), or brain derived neurotroplic
factor (BDNF) induced the cells to undergo norphol ogi c changes consi st ent
wi th neuronal differentiation, i.e., the extension of long cell processes
termnating in growh cones and fil opodia (Wodbury et aL (2000)T

Neur osci ence Research 61: 364; Sanchez-Ranps et alL (2000) Eap Neurol ogy
164:247). In addition, these 20 agents induced the expression of neuronal

speci fic protei %%{eﬂ%%@%ﬁ %ﬁ‘é%&ﬁmsé%%b&' £pER6LSEmedNBEex vivo

neur of danent M e nerve growth factor receptor ni cA.
(Woodbury mWMMQ@meMWMWS@&mz fesees et al .

(2000) Exp Ne gq%gggy,? E&hﬁéﬁ éém%enf@&%mmm 2016488 a@é%&&y%&é&ﬁ%

directed to 3 onogeneous 25 popu ation of human mesenchynal
stem cel | s diferedtiai@ntheibdffgo e single partiriranesaihysoeblineags: Ehe paiwt %??éjﬁé"é'hﬁ‘ect i ve

tissue type. at.ent r g, and
or oat 1y § oprRafortiefapdbafind G B AERISyAlcoliR Gladillr Behitihl. 810

5,942, 225 t@e@ﬁ@hﬁ&hﬂﬂ&&s aduhix@aérmg stodars dndividel in @endpBisice! anOOPE’PSﬁl%ucu ng

| i neage-directed dif.f nt Q RO R SfRC Y Rk cel | s
into a 30 s{° @B%ﬁ?]?w%% %H%Ssgcn%ﬂsﬁe%& I neage, which includes human

mesenchy mal exstiel by mtabtsmﬂmibmmmfacm seaship dkecabl isheones By diffpenitaienef ng
differentiat 'QQeHQLm}apsem E&&PJE@%@W&%A&S into a single par-dm M

| i neage.
10 U.S. Patent No. 5,908,784 o Case Western discloses a composition for the in vitro

chondrogenesis of human mesenchymal precursor cells and the in vitro formation of human
chondrocytes therefrom, which composition inchndes isolated human meseﬁchymai stem cells
condensed into close proximity as a packed cell pellet and at least one chondroinductive
agent in contact therewith. The patenf also describes a process for inducing chondrogenesis
15  in mesenchymal stem cells by contacting mesenchymal stem cells with 2 chondroinductive
agent in viiro wherein the stem cells are condensed into close proximity as a packed cell

pellet,

US. Patent No. 5,902,741 to Advanced Tissue Sciences, Inc. discloses a living
caxﬁfage tissue prepared in vitro, that imcludes cartilage-producing stromal cells and
20  conmective tissue proteins naturally secreted by the siromat cells attached to and substantially
enveloping a three-dimensional framework composed of 2 biocompatible, non-fiving material
. formed into a three-dimensional strachure having interstitial S_E,ac%: 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 cariilage. '

15.S. Patent No. 5,863,531 to Advanced Tissue Sciences, Inc. discloses a tubulay
living stromal tissue prepared in vitro, comprising stromal celis and comnective tissuc
proteins naturally secreted by the stromel 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 a2 connecﬁye

tissne which includes producing commective tissue in an individual in meed thereof by
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4 U S. Patent No. 5,736,396 to Case Western describes a nethod of
I nduci ng ex vivo lineage-directed differentiation of isolated human
mesenchymal stemcells which includes contacting the nesenchynal stem
cells with a bioactive factor so as to thereby:induce ex vivo

differentiation thereof into a single particular mesenchynal Iineage; The
patent al so describes nethod of' treating an individual in need of
mesenchymal cells of a particular nmesenchymal |ineage which includes
admnistering to an individual in need t hereof a conposition conprising

i sol ated, human nesenc g M@ TP SR sdnBEMEPerh Qelis

di f f er ent | AGBUESERABIYS % |oact| e factoP So as to thereby

i nduce ex vwme:ndtécf)ﬁaf@mdmmboﬁemmmémhﬁmmuagvﬁgw‘bﬂmwp ul ar
nmesenchymal Ilneage 10U. S. Patent No. 5,908,784 to Case Western djscl oses
a conposi tion f oS .tHaeni No.vé @MB&HM@@Q@@@ §f§¥mﬂmﬁqﬁ§é‘ﬁ’é‘ﬂt§’%ﬁ3 C

precursor cells and the in vitro_ f g{gﬂ]&f ghg&ﬁr&gyt\ﬁgl the
therefrom S & ﬂ &Tﬂ%goltl%?fllﬁ Ffels |és t ed uman mesenchymal, st.em
cel | s condemspbpbistiosiah @sks mbmamttlyasasonae of bk baatappiptiyaem SellssMgnisn | east

one chondr o} nductl ‘9023{’? In contact therewith. The patent al so describes
a process fdf" stem 62t kg (?hdrogenesi s 15°in mesenchymal stemcells by

contacti ng nesexfggﬂ;?elst ﬁgegni %gygggg A iR iRidehIEd Wina0@inal eellvi t r o

wherein the ste are coh en Into close proximty as a packed cell
pel let. U. Smcl%i&rfﬂbmddmﬁmeﬂnmﬁ%wh%%%lmw0%“§nces I nc.
discloses a living cartilage tissue prepared in vit t hat, i ncl udes

cartil age- produ@VﬁgPﬁ@?.ﬁﬁﬁé]l od| US. Ralgntolo.cphiedp jdywerd %s@ﬁ@‘“p‘?"&?éﬁﬂ?
nat ur al S gu EM‘F@J attached to and substantially
envel opﬁg %")F% ghﬂl STENSI ona a\)\%%k conposed of a bi oconpati bte,
non-1iving Anat g alpfgn |5r§2q7§5 t qgo@hdﬁgapsde@mhs Siuiiiet upleurd@tenng

g
interstitial spaces e992§ the stronal cel e[eggdt ent a.I d| scl oses
a conposi t | wesehchymal ek nefisnedick aver ubsgiially oﬁﬁrqfsql uc myogemc

committed cells, and which are predominantly ste]latc—shaped, wherein the mesenchymal
stem cells form predominantly fibroblastic cells when contacted with muscle morphogenic

15 protein in. tissne culture medium containing 10% fetal calf serum and form predominantly
branched multinneleated structures that spontaneously contract when contacted with muscle
morphogenic protein and scar inhibitory factor in tissue cultare with medinm containing 10%
fetal calf serum.

WO 99/94328 describes the use of mesenchymal stem cells to treat the central
90  nervous system and a meihod of directing differentiation of bone matrow stromal cells.

= e WO 98/20731 to Osiris describes a mesenchymal megekaryocyle precussor
c,;omposition and method of isolating MSCsiassociated with isolated megakaryocytes by
isolating megakaryocytes. ‘ |
WO 99/61587 1o Osiris describes human CD45 and/or fibroblast and mesenchymal
25  stem cells.

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

California discloses adipose-derived stem cells and laitices substantially free of adipocyles

‘and red blood cells and clonal populations of connective tissue stem cells. The cells ‘can be
émployed, alone or within biologically-compatible compositions, to generate diﬁ'ergntiaied

30 iissmes and struchures, both in vivo and in vitro. Additionally, the cells can be expanded and
caltured to produce hormones and to provide conditioned culture media for supporting the
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mesenchymal stemcells in a polynmeric carrier suitable for proliferation
and differentiation of 25 the cells into cartil age. U.S. Patent No.
5,863,531 to Advanced Ti ssue Sciences, Inc. discloses a tubular Iiving
stromal tissue prepared in vitro, conprising &nal cells and connective
tissue proteins naturally secreted by the strong cells attached to and
substantially envel opi ng a three-di nensi onal tubular franmework conposed of
a bi oconpatible, non-living material .30 having interstitial spaces bridged

by the stromal cells at e No. 5 cri bes
" a method of mwfbl@@ﬁ ﬁ@a’ﬁl@o‘?ﬁl@&r% i) \;&ﬁdé’ﬁ] asgﬁcé‘d%@ prorgﬁum n o>

connective f&i@ath& sf3tahidfliy\deCHiRbS chIR, m&ﬁmthhlesmﬁceﬂiylaﬁnata:dmtm%ﬁ@m ng to
sai d |nd|V| a cell preparation co talnlsﬁ%‘}% %y%&lﬂth mcells
which is rec@peﬁeﬂsmo?hehlﬁ%%ﬁ 8n rBwt i 2t |s substant y free
of bl ood cel ‘1%& entiatiem of &8 NhbiRr inGiv@3IPIntE M, Hiestlgdes mﬁun;lsh@Qr gfactures.

uman he

mai nt ai ni ng mat opoj eti c stemcells | nV|tr
co-cul turs ngWﬁlﬂﬁﬁW%@?éﬁéﬁ’;?ﬁlﬁiwg’é’gﬁhﬁ%ﬂi? ﬁ%ﬁﬁtrm%l opoil st em

cells such t Sagt {88 She SAHERotRic hactueistiat qut)lnemmml,sml@blhesmtﬁmlﬁmcal n

their stem ce henoty Pat s an
i rradi ated ipwasH qrfaagﬁ&?lhw@t%ﬁ% 8“515&1 {F%ﬁt%ség%gﬁnb%l&ﬁ%g% \?‘?t ro
cul ture wi t hshunminh e el ehit Gapbes dedifferentiattd sich that thers is an\WB0B0E662A1

and U.S. Patent No. _5 879, 940 describes human bone nmarrow 10 stronmal cell
lines that sdppeiaPhrromRt l‘"é%l s U S Patent No. 5,827,735 to Nbrphogen

Subst ant &/ 1y 1180 5&'?/2%‘4%# R SR ATl I Sl Sl el |
and whi ch argmpj@siesisadinty ol dhviag mhlam @ropwheq; éﬁldgumﬂﬁ%ds FRESTERONRE R
subject’s bone stmcture.
WO 00/44882 discloses a mefhod and composition for mdncmg stromal cells derived
from adipose fissue info fully fimctional plentipotent stem cells as gvidenced by differentiated
15  hematopoietic or blood cell lineages, neuronal lincaggs, epitlzelial lineages, and uses thercof.
It is 2 goal of the present invention to provide new cells and methods for therapentic
treatment, diagnosis, other medical uses, and other purposes, including the cellular
production of desired materials.

SUMMARY OF THE INVENTION

A e e e e ettt T e i .

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

been induced fo exprﬁs st Jeast one characteristic of a neuronal cell, an astroglial cell, 2

| hematopoietic progenitor cell, or a hepatic cell. These cells can be used therapeutlcally o
autologoesly or allogeneically treat 2 host in meed thereof, or for diagnostic puxposes. The

cells can be administered, for example, in any phatmacentically acceptablc carrier, including

25 i)hosphzte buffered saline, to the target area. Aitematwcly, the cells can be administered in a
matrix, laltice, or other materials lending two or firee dimensional structures to form a
structured depo, for example, an implant or a graft. The three dimepsional framework can be
biodegradable or nonbiodegradable. Examples of biodegradable materials for use in
admimistering these cells inclnde alginate, polylactic acid, polyglycolic acid, polylactide-co-

30 glycolide, proteins such as proteoglycans, glycoproteins, -hyahonins, fibronectins, and
collagens. The cells can be administered, if desired, in combination with anofher agent snch
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ihgg}gehkghgggg}grigogin?nply_fibroblastic cells when contacted with
rotein in tissue culture nedi I ni
cal f serum and form predoni na o ot od wer oot oy o9 & hat -
ntly branched multi mi eat ed
stru
:ggptﬁzﬁ?gsly contract when contacted with nuscle nnrphogenicCEELSZi;hgad
itory factor in tissue culture with medium containing 10% f et al

cal f serum WO 99/ 94328 d i
escri bes the use of nesen
gf}}grtottreat the central 20 nervous system and a net hod ofcgyszt?Een]
entiati on of bone nmarrow stromal cells. WO 98/ 20731 to CB?ris

descri bes a nesenchymal ne
( : _ gal caryocyte precursor I
|solat|ng;émhﬁﬁ&,gssﬂnﬁQWEﬁW¥MFﬂHKW§%§%@@dgﬁég&ﬁéégggggF@ggggﬁpgargtng °

nmegal caryocytes, . . i 5d. T i [
and/ rotein, carboh dre}{Qp%gﬁ&]ﬁBﬁucl@c £%d.ri s describes human CD45
or f%%?dﬁﬁd% aﬁé_negénchynal 25 stemcells. WO 00/53795 to. t

Uni versity of, g"gltem@y L&BodReht UTehdRegent disddsurehstrunal\eels e ﬁe%Yedc%%ﬂrhf ornia

di scl oses adi pose-de : _
adi pocytselbcwgoqse@arg{nlgégg 3 ?,gg)r;q%la#n angol aldidCha a8 ubrtaidddaintoyfufly ee of

on opul atio i
stem cel fgﬁ: iohd] %le@ﬁﬁdt@t stedclbecapaid afjbethe pantigl,lﬁgor@pl er;:%i cﬁ%er&%&?e%%tby e tissue

bi ol ogi cal T'y-conpatipl e conpositi t ) ”
ti ssues hﬁ@m§@WWbPﬁPE@$‘%@Hﬁaﬁﬁadgg%m%n a?ﬁES%?%g?q%ﬁgsgﬁﬁﬁgﬁﬂeﬂuﬁo

can be expandeds anshithdial linceges. The pesotdiseloRT AemBevidss retpds Poll}sl%gethé he cells

o L% el A 01 HIBRRAEG et vyl g o
_ reconstruction or enhancement, djagnostic:alllya)l,S ag %i%%éact(\)/f\? toop(%/ ug’(::7 .e%re% s!ﬂj)sexﬂées, and
in genetic and tissue engineering.

The present disclosure provides methods and compositions for the isolation,
characterization, and differentiation of adult human extramedullary adipose tissue-derived
stromal stem cells along non-mesenchymal lineages, including but not limited to,
hematopoietic cells and neuronal cells, and outlines their use as pleuripotent stem cells for the

. treatment of a number of human and animal conditions and diseases.

Tn another embodiment of the present disclosure, 2 method for inducing adipose-tissue
derived stromal cells to express at least one characteristic of a non-adipose tissue derived cell,
for example, a neuronal, astroglial, hematopoietic progenitor, or hepatic cell, is provided
comprising: culturing isolated adipose tissue-derived stromal cells in a chemically defined
culture medium that optionally contains serum and appropriate growth factors, hormones,
cytokines, serum factors, embryonic extracts, preferably a non-buman embryonic extract;

and/or chemical compounds to induce specific lineage differentiation.

The methods and compositions of the present disclosure can be used for autologous and

allogeneic transplantation of cells for the treatment of human conditions, including but not

limited 1o, blood dyscrasias, cancet, central nervous diseases and trauma, pe

pheral nervous
diseases and trauma, liver diseases and trauma, among others.

In addition, the celis of the present disclosure can be genetically modified to express a

" therapeutic gene product. The adipose-derived cells can be genetically modified, e.g., to

EXpress exogenous genes or 1o repress the expression of endogenous genes. In accordance 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 generally is an
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derived lattice substantially devoid of cells, -which includes
extracellular Mclia material form adi pose tissue. The lattice can be used
as a substrate to facilitate the growh and differentiation of cells,
-whether in vivo or in vitro, into anlagen or mature tissue or structures.
5 WD 00153795 did not disclase adi pose tissue derived stromal cells that
have been induced to enpress at | east one phenotypic characteristic of a
neuronal ; astroglial, henatopoietic progenitor, or hepatic cell inits
priority docunment, nor did it disclose an isolated adi pocyte
tissue-derived strorctal cell fbat has been dedifferentiated such that
there is an absence of adi pocyte phenotypic markers. 10WO 99/28444

di scl oses gupbdiotsastone, inciuting: ¢idivg golyweleetide Praablitioked 9 g SEPEREE| | s form
adi pose tissue_.into cells havi s;ﬁggl .6 HoBO B0k aofk g4, hods for
i mpr ovi ng I&eg%?gaﬁyngcg%%g% VS tcjhre. il WO 00/ 34882 di scl oses a

met hod angunaespaRedeRNA doxiboapoei ng &canal cells derived from adi pose
tissue into fully functional pleudpotent stemcells as evidenced by
differentiated 15 hemat opoi et k or. bl ood | 1.. I i neages,. neuronal .lLi neages,
epi thelial |inBdg#et aspesl thges Ftr‘i‘\"é‘?eg&'f’ solated aflfpo?ers}lsg%g%glvedg%ofnﬁgcegrﬂéaéent

i nventi onpdsQedy iﬁél‘licg@torla%}é\‘eé‘s%{t Ieastdne cieichasts: of o ofitheliapgut i ¢ treat ment
di agnosi s, other nedical uses, and other purposes, including the cellular

production of gesitfl Apserthat s proliARYisdlitedl ipdsAVENT EINed 20dihg cpi esent
di scl osure includes an 1sol ated adi pose, ti ssue d rived.strgnal cel | that

has been thadhAsdaen wdesepte SXPrass of &a8ong SRATMERFEL plet PLFHPoST U5un duFsha

cell, an @é{hﬂg,lhicﬂlat 54t bne fo DG fblele 2Pl QERBide Biis Ke2h introMiced inethat i ¢
cell. These cells can be used therapeutically to autol ogously or

all ogeneiedll |y treat a host in need thereot or for diagnostic purposes.
. The cells can be adm nistered, for exanple, in any phann CeUt.rﬂluX
accept abl e canineythird fROFdherg 1s provided an isolated adipose tissue derived stromal cell th

has been induced to express at least one characteristic of an epithelial cell in which at least

one non-endogenous nucleic acid sequence has been introduced into the cell.

In a fourth aspect, there is provided the use of an isolated adipose fissue derived
stromal cell that has been induced to express at least one characteristic of a non-adipose
tissue derived cell for the preparation of a medicament for treating a neurodegenerative
discase, a hepatodegenerative disease, a nephrodegenerative disease, a spinal cord injury,

head trauma, a viral infection that results in tissue degeneration, an autoimmune disease, or a

metabolic storage disease, in a subject.

In a fifth aspect, there is provided the use of an isolated adipose tissue derived
stromal cell that has been induced to express at Jeast one characteristic of an epithelial cell for
the preparation of a medicament for treating a neurodegenerative  disease, a
hepatodegencrative disease, a nephrodegenerative disease, a spinal cord injury, head trauma,

a viral infection that results in tissue degeneration, an autoimmune disease, or a metabolic

storage discase, in a subject.

In a sixth aspect, there is provided a composition comprising an adipose tissue
derived stromal that cell has been induced to express at least one characteristic of a non-

adipose tissue derived cell in combination with a pharmaceutically acceptable carrier.
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25 phosphate buffered saline, to the target area. Alternatively, the cells
can be admnistered in a matrix, lattice, or other materials |ending two
or three tensional structures to fom a structured depo, for exanple, an
inplant or a grill. The three dinensional framework can be bi odegradabl e
or nonbi odegr adabl e. Exanpl es of bi odegradable materials for use in

adm ni stering these cells include al ginate, polylactk acid, polyglycolic
acid, polylactide-co- 30 glycolide, proteins such as prote, oglycans,

gl ycoproteins, Iryaluronbs, fibronectins, and collagens. The cells can be

adm ni stered, if desired, onbi nat i.on n sshe as a
cyt ok: ne, gr ov!ft‘? ﬁ‘ea‘?f’lfleSpe?:t gﬁ{e lslplm‘”& i %o\éﬁpta)gtelﬁlp%rgﬁ{ ]%% SR8 sl

chenot her@e@@w lsieomdno:renumﬁ haotther ioiakbdd topexgiress nf loar buﬂﬁyhhrweelstimef)tande or

nucl ei ¢ aci pref d enbodient o resent disclosure ,
st r omal c‘?éﬂltf’%haa‘"reel “d%‘?”i‘ ‘é”tﬁm??’vb a@ﬁ%mf%ﬁ%%‘ 3 t{r)rlfarﬁg};?/i,mpgonadal or nental

adi pose tissues and de- dlff rentlat I pot ent
stem cel I s capiBP S’gB(i?‘ %%?Chd eﬁ%f"stﬁr%‘fl agrlscgzg?rc{)%deé&é? fnysgg%j rg‘{%gﬁ?%iﬁéyﬁ]ﬂ nt o.
hemat opoi @kt Has BEcnlth@REd @eblprds Brclage sne cieamtmstic c(fraenmwsaosyg$sewﬁe¢wedeages,
astroglial cells, hepatic cel

t
di scl osur@!lan &Bvar SYPHeRRy ed"f‘)%gy%@ t&ﬁémP u?‘g‘dm&};gﬁsgr?igue

derived cells therapeuticall exa in tissu
regeneration, Pédd‘ﬂb%sp%ttﬁfdﬁ¥s Ové‘iﬂq %gr??é%tadlpdf’eatbs 05 eflt‘f% ﬁ%l g"al ogll that

bi or eact of,3 pbé iRNREW ELexERSS htGlehstoresdhamacessticafidn epithgBaletll @ atveb od tbmae

engi neeri ng The present di scl osure vi.des net hods and conpositions
for the |@@qu“@@m@wafka%%@?fﬁﬂrﬂwmtﬁ}?d“dgﬁg‘eﬁient| ation of adult human
extramedul | ary adi pose tissue-derived siromal stemcells al ong

non- mesenchymal |ineages, including but not limted to hemat opoi eti c
cell's and neuronal c@ORBAILBNDESCRIPAZONIHETRE NITOR & (1 | pot ent stem
cells for the treat ment of a nunber of hunan and ani mal conditions and

di seases %1 bHERN Bifpdsiivndbesttke thissedetiseirstpmal met hod
i*SSle

o el g B T G ais RE M ™

neur onal , | i a r@ﬁ:&ﬂg 28c RE GRSRobdétc gdnmaéduc ex:t3 |C¢1ISI s

provi ded 8’5??&5’39?@ "‘Jﬂhurl ng éﬂol‘at ed adlgos 1?? sue: gder.| ve r omal

cells in pmaﬁuemb}tmbhz;ﬂ:déﬁwﬁimn@alwfé“ﬁ%w ﬁ?ﬂt‘aﬁ At ai ns

serum and pria AGHRL S O snssﬁyt@;{eag%esforsmamh,f actors,
i ees g Y Toren o

enbryoni c

y a-non-human e 0 xt.ragt and/ r
chem cal Wmaemmm@mg@%%&@%ﬁ Cf anitnal”
met hods agg?f%%n%? Q‘E il ShprORkeat. can be used for
aut ol ogou %}'enel c ran’sp antation of cells for the treatnent of

human conditio Bs b botial |ait%§ﬂi€ ﬁa%onblﬁﬁfbvdytscar awiras pf cancer
central nervo |seases and trauma, per,i %IVO%]SaH\%d%%—aS

traung, - |mmpommmamw%wea#% 1ble 2 the
cells of the.pr S&h d'g b0 ﬁ]thg/UﬂﬁdlStates,dwltemMIpress a
t her apeut f"@“b@ajg pro

eadlpose- erived | .s ally
nodi fi ed, 56% g:fadzﬂteemopiﬁwm% @%?ﬁéﬁa%ustg?% éﬁ%{rﬂesm on of
endogenousﬁgggcgdép %eqaﬂ@&mﬁlﬂmwah& maﬁ@mnbaﬁsﬂapwﬂonusa exposed
r ve

to a gene ctor conprising a.nugleic. acid incl ansgene,
such t hat rditieeln woh-&ivesieec precsdyre) With eFHER eﬁ‘ﬁ" WP’r‘f‘g taﬁf"%er COV%ftIOHS
appropriate. f. g of B &é&a”iﬂ%‘%eﬁ%aﬁn&ﬁrmwm ah@mahlmlb

y

transgene I'S an _expression cassette |ncI din
polynuclepmmﬁﬁmmpawabﬂy' sorgisab FPoRRl By Sppssiinner gk %ﬁhﬂﬁﬁe c%%?%%g

pol ynucl eotl de can. %@mﬂ;ﬁmﬂwammmemammm active
RNA, such®% %ﬁﬁm%ene or rlbozyne ﬁérst aspect, there
i s provi dedip@atisssotontaindelslbeisecap ﬂ%mE@PH%@ﬁV§WP§H§ cell that has been
i nduced to express at |east one characteristic of an epithelial cell.

In a second aspect, there is provided an isol ated adi pose tissue derived
stromal cell that has been induced to express at | east one characteristic
of a non-adi pose tissue derived cell % n which at |east one non-endogenous
nucl ei ¢ acid sequence has been introduced into the cell. Inathird
aspect, there is provided an isol ated adi pose tissue derived stromal cel
that has been induced to express at | east one characteristic of an
epithelial cell in which at [east one non-endogenous nucleic acid sequence
has been introduced into the cell.




In a fourth aspect, there is provided the use of an isol ated adi pose

ti ssue derived stromal cell that has been induced to express at |east one
characteristic of a non-adipose tissue derived cell for the preparation of
a nedi canent for treating a neurodegenerative di sease, a

hepat odegener ati ve di sease, a nephrodegenerative di sease, a spinal cord
injury, head trauma, a viral infection that results in tissue
degenerati on, an autoi nunune di sease, or a netabolic storage disease, in a
subj ect . In a fifth aspect, there is provided the use of an

i sol ated adi pose tissue derived stromal cell that has been induced to
express at |east one characteristic of an epithelial cell for the
preparati on ofhﬂmmmdbmﬂnmnhﬁﬁnnEMm@mm#mgmM$ﬁ@ﬁ$UE§§§hﬁﬁﬁﬂP@ém@W§@EBe a

hepatodegenerat di seas 5‘ g f g@ﬁgﬂgﬁ@ﬁ MQFQM§%@§ Ghial2 hepdeadr cord
injury, heZHet ﬁﬁwé ?ec I on results’in tissue i

degener atlmatopﬁewmmﬂ&mé@, mmmwpﬁﬁsﬁwr&b@eﬂa@éﬁge in a

§32%$?;|nd“%ﬂnéﬁiﬁﬁgéétﬁé%ﬁgs r|vg%nﬁéronﬁfﬁfﬁﬂtg@@??ﬂhas been .i nduced to

expr ess auuﬁnamﬂngmmﬁ%mmwmsmm@mm@kd&S@ﬂﬁ@ﬁiadmp@sehmﬁgﬂﬁ@meﬁﬂﬁ¢§d cel

in conbi hation gﬁ % BGCE zB@S cell has beekN @
sevent h asPEtt, ew%%%?%“?s pr oVl '%hg%np03|t|on conpris ﬁa aﬁm%d ose
tissue de@ﬁeﬁwhrmmmmmaspmhﬂmw@m@MQmmbﬂe ast one

h t f . II
Sh:; ﬁgc:lrjl it P ang&gﬂ@ggﬁgg% ﬁg&pﬁ%ﬁh an elrg téuéa‘gggect ?ﬁere is

provi ded ammk@&mdwﬁmwmmmmmwmmmmen

ori ved can ik, B e TR S A s oo ERATE Fp GRS s ==

implantation into a host. In a ninth aspect, there is provided an

i sol at ed adi pose tissue derived stronmal cell that has been induced to
express at |east one characteristic of an epithelial cell in a tw or
three di nensional framework suitable for inplantation into a host.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON - The invention provides

nmet hods and conpositions for adipcise tissue-derived sternal cells induced
to express at | east one characteristic of a non-adi pose tissue derived
cell, preferably a neuronal, astroglial, hepatic or henmatopoiethe
progenitor cell. The cells produced by the nethods of invention can
provi de a source of partially or fully differentiated, functional cells
havi ng characteristics frommultiple tissue |ineages for research

transpl antation, and devel opnent of tissue engineering products for the
treatnent of aninmal disease, preferably human di sease, and tissue repair
or inprovenent Adi pose tissue offers a potential alternative to bone-
marrow as a source of nultipotential stromal stemcells. Adipose tissue is
readi |y accessi bl e and abundant in many individuals. Obesity is a
condition of epidemc ploportions in the United State% where over 50% of
adul ts exceed the recormended body mass index (BM O based on their height
and wei ght Adi pocytes can be harvested by |iposuction on an outpatient

bat hs. Liposuction is a relatively non-invasive procedure with cosnetic
effects, which are acceptable to the vast majority of patients. It is well
docunent ed that adi pocytes are a replenishable cell population_ Even after
surgical renoval by |iposuction or other procedures, it is compn to see a
recurrence of adi pocytes in an individual over tine at the sane site. This
suggests that adipose tissue contain cells that are capabl e of producing
new adi pose cells. I n one enbodi nent of the invention, an adi pose
tissue derived stromal cell induced to emmess at | east one phenotypic
characteristic of a neuronal, astroglial, hepatic or hematopoietic
progenitor cell is provided Phenotypic nmadras of the desired cells are
wel | known to those of Ordinary dill in the art, and copi ously published
inthe literature. Additional phenotypic markers continue to be disclosed
or can be identified 'w thout mchre%mxperinentation. Any of these markers
can be used to confirmthat the adi pose cell has been induced to a
differentiated state. Lineage specific phenotypic characteristics can

i nclude cell surface proteins, cytoskeletal proteins, cell norphology, and
secretory products. Neuronal characteristics -include the expression, of
neuronal markers such as NeuN., NF-M NS nestin, and | AA Bl ood. specific .
mar kers can include the presence of Cb4, CD8, CD?, CD 19, CD45, 033, 034,
TCR, etc. One of ordinary skill in the art will recognize that known
calorinetric, fluorescent, immanochem cal, polynerase chain reaction




5 .1n anot her enbodi nent, the invention provides a dedifferentiated,

i sol ated, adipose tissue derived stronmal cell capable of being induced to
express at | east one characteristic of a non-adi pose tissue derived cell,
for exanple, neuronal, astroglial, hepatic or hematopoietic progenitor
cell. A dedifferentiated adi pose derived stromal cell can be identified by
t he absence of adi pocyte markers. I n another enbodi nent the

dedi fferenti ated adi pocyte can be 10 provided in conbination with a
pharmaceutically acceptable carrier for a therapeutic application,
including b o] | m.t.ed 40 &l iﬁgg . e, Iy O pmil tion
or enhancemgﬁp9 kgb%o‘ggtlssdé d§$| ?%?%ﬁgﬁg EHFm’ﬁcan bé??%??ﬁ§§§ by

t he met hods cdmﬁémeﬂudrsnmt,nmmhhnﬁmreﬁwm chein t $actionc chemicay@h t hat

Eﬂgrg§?L:T§5§@§£ %gn%P?gggﬁe%%Pkangéﬁ?gggmwt|ssﬂgggggfied ce I%@mThe 15

dedi f f er ent matles] adi pocyte can be nodified to include a non-endogenous
gene sequence for production of a desired protein or peptide. The

dedi ff erént i at eornaaotpucambedmm thenm@mnarmc%raﬁ. dpdifiarenianigdratlatedpadipose
adm ni stered to Grcll 10RRREQ Bteast b BWRLKIHRLF R
desired the%ﬁ 58?1 %ﬁ?%ﬁ?% &ﬁﬁ anot er enbodinment of the invention, a
met hod is plnon/-adilsxsle fissne dirived ealln fir axamnie, Penromsd, peisestinl, Bentic gebsmaRposts onm|
cells into cells h?e o0 &ﬁﬁ 008 hib&e d@ﬁve!&%%ﬁﬂpéﬁﬂe&dn%esiﬁﬁﬂf&@'ﬂysthc
neur onal cePF? roglia patrc or ot her |ne%%es coggrrsrng pl ating
i sol at ed adhmems{faépmamdmihmeal@Dﬁ@ﬁﬁﬂm@EFmﬁmﬂéﬁh pRfatean he
| ncl udi g bul, Opfy 4P PlobotceBlcatl Qleptibi Whled B QU000
cells/c trngm@ﬁglée I chenﬂ%glly defined culture %@drum
conpri si ng applicﬂma,t nnhémgdmpomhdmefe@éettéalﬁfmtﬁéﬁngﬁ%ﬁb EOARSTUSHPT §T of
growth 25 1 agl ol el rrg éakréa%u bl bR AR BRkibay 20
embryoni ¢ eX era a non- nan e %onrc extract in another
enmbodi nent , hbl’ﬁﬁtméddiﬁ'a‘@hdefhﬁ@k@mlpdbé'@hlﬂwtmqée Feepistedstromd celfhguthern t he
presence of .a 3O Z AGSRH SHC Amas
2- raercaptogfﬁﬁwg%h?%&%not er en%o |nentam?he |%%%ﬁt?%ﬁcprOV|des a._net hod
for indusi ngedifierergioled pdipocyBGam éé p@é@eﬂ fosigeladecReRnyRagoREROUS (BERe SegTqncg Fr
express at Ie Sl C t a | dedi®if: age,
8”0? OG%E@&@?J%& drgpe et T6E | deciBireRMIE 38HG P%W&Iu,' bl 28

conpri si ng: p ng i I ssue-derived stronma to a
usef ul densmtgnQWﬂeﬂuﬂumgLbaﬂﬁnwﬁﬁﬁﬂﬁ?Féﬁ“ﬁ%ﬂﬁmﬁg riagee gingosionsd frrmewesbg ¢ o
about 500, OQO %ﬁ%&ﬁ ting the cells in a chemcally defined
culture nmediu e5sr onpound 10 selected fromthe group
consisting of i G oWHe; &%@i&xﬁmt BOREGARSons ¥ IANARIISS pRevddcacit ldoratidhg; and
optionally, an enbryonlc extract prefer bly non- hu enbr yoni ¢
extract 20  adipospfisse-drived somal coll ﬁ?"“{gﬁgﬁ n%ﬂh g‘ﬂ’@‘sm’m

adi pose- der iy dnegﬁ;jhfcgg,r £abiat, ﬁebaﬁ@bﬂ ciher Bhebis] mipﬁﬁhg laAY ﬁeiaie& adipéhe

drfferentrate

of " nommesenchynal | ine hat uced
accor di ng t Gssubderived Homp! gellsHa 4"#}&@%%?[ ID%%!S\H &’E‘l ’i“gq’é‘?‘@iﬁ‘g iy pf
aut ol ogous gjéh%t 20hPLSBIE 5b6 @@S&h@&ﬁ’ahic@ﬂﬁng the cells ih @ cﬁﬁﬁcﬂy&faﬁﬁd’d&ﬂlture
e

enbodi nment , Site Is central nervous systemtjssue and.the gesrr
characterrsmwmmmtqnmwmﬁ?%@N¢§mh@MMﬂﬁﬂ*m$W“§”§@@6ﬁHmBF@F@WF%H i ment,
t he srt §a§y§*ﬁﬁﬁkh§ éﬁé% 1 stic
or phen ype 'S aﬂ%r %?&ﬁﬁ I'n another referred odlnent te is
|ntravenousaamdhmMeld@bwm%@eﬁﬁﬁﬁ entofire e ﬁ%dﬁgﬂﬁ etic.

In yet anot Q%réncgq,‘@geq,!uﬂ% Jnfﬁéﬁ ééﬁc@of§cﬁeﬂﬂ:ai‘§géﬁtt f&eﬁmerﬁmam&mgmgem

particul ar, iver the desired characteristic or phenotype is
hepati c. Pre&kma%hyﬂﬂﬁﬁéﬁgﬁbject i:s - mamali an, nDre preferably the

subject is human. I n yet another. enbodiment,, the i ton .provid a
net Jhod of inpr ovlpnagothgx embodiment, the mvention provides a method fgr inducing an mol%?ed

30 adipose tissue-derived stromeal cell to express at least one characteristic of a cell of non-
mesenchymal lineage, comprising: plating isolated adipose tissue-derived stromal cell to a
usefil density, including but not Kmited to 2 density of about 1,000 to about 500,000
celis/om® incubating the cells in a chemically defined culture medium at Jeast one compound
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15 hernatopoiesis in a patient, conprising transplantation of the cells of
the invention into the patient Preferably, the transplantation is by

i ntravenous infusion. In one enbodinent, the cell is transiently or stably
transfected with at |east one nucleic acid sequence. A viral or other
vehi cl e containing at |east one desired nucleic acid sequence to be

I ntroduced into the cell may nediate transfection. 20The adi pose tissue
derive stwinal cells useful in the nmethods of invention nay be isolated by
a variety of methods known to those skilled in the art. For exanple, sach

eLhods ar e dosorl beg b Sbrhe Bt ubcad I AR AE0! RRLBLAGARLE N 10

Its entlret§f‘ i I pose tiIssl |S|sola1 froma

mamal i an sm@ﬁmgmmmqemmﬂmmbmmgmwmurce of
adi pose tissue is nental adipose. In humans, the adipose is 25 typlcally

i solated by |i pc{ﬁuﬁ‘ﬂ amxﬂler dhibadreent ée isvenfion trevides adineseierivad dlediffersei
transpl ant ed ' n t?%{ "ﬂQJ e&&ﬁeﬂe{:)haieﬁ o@ﬁ@&@ﬂoﬁﬁk&n&h@é&l ﬁﬂ%ageé‘iﬁia@%e

tissue be i %8 sane subject so as to provide for an

aut ol ogosis ﬁrb&ﬁsmhcﬁaﬂmgkd memeﬁwmw inviehtiona §R¢hrrieBs a¢ pyfid ius@uéog?afyanée

al 1 ogeni c. e nehh of I sol ati ng adi pose tissue derived stromnal

cells, the ﬁ’é%‘é””ﬁﬁ e I's 30 treated with coll agenase at concentrations
bet ween 0.01 to 0 5% ot Ol Ocdld Yo B St RE o et 0. 19
trypsin at concé%?n ons %etmeen

to 5% pref erablé 04% nost
preferably mmwmmﬁmmkénaﬁwm@m@mwe@f psity ipegipl to 10

11 ng/nl; and/ or g; Blypé RNistlasal. O Jpage; and
et hyl enedi aﬂ%é’?é" ace %%&atg‘?g&%%gl g at gon entratlons of about 0.01 to
2.0 inlYe, m&ﬁeﬁaﬂaqummt,ah@me is inmavﬁnalbcﬁaﬂﬂle @siredghasgeferistip op eell &Be ¥ at
0.53 rruM 8 2OE B b, e BRSO 1 O
40C, nost pﬁeé‘fa%(fpn}; af“[ %“(SE&% per| ogls of bet v{c/gen O mnutes to 3 hours,
~ the liver, and the desired charactenstlc or phenotype is hepatic. Preferably, the subject 15 -
mammalan, more preferably the subject is human. -

Tl yct another embodiment, the imremi;:m provides a method of improving

15 hemaiopoieéis in a patient, comprising transplantation of the cells of the invention into the
patient. Preferably, the fransplantation is by intravenous infusion, Tn one embodiment, the

cell is transiently or stably transfecied with at least one nucleic acid sequence. A viral ox
other vehicle containing at least one desired nucleic acid sequence to be introduced into the

cell may mediate transfection.

20 The adipose tissue derive stromal oslls useful in the methods of invention may be
jsolated by a vaziety of methods known to those skilled in the art. For example, such
methods are described in U.S. Patent No. 6,153,432 incorporated herein in ifs entirety. Ina
preferred method, adipose tissue is isolated from a mammalian sebject, preferably a human
subject. A preferred sonrce of adipose tissue is omental adipose. In humans, the adipose is

25  typically isolated by liposnction. If the cells of the invention are fo be iransplanted into a

| human subject, it is preferable that the adipose tissue be isolated from that same subject so as
to provide for an auiologous fransplant. Altematively, the administered tissue may be
allogenic.

, Tn one method of isolating adipose tissue dexived stromal cells, the adipose tissue is

:;’;0 treated with collagenase at concenirations between 0.01 to 0.5%, preferably 0.04 fo 0.2%,
most preferably about 0.1%, irypsin at concentrations between 0.01 to 0.5%, preferably

- 0.04%, most preferably ahout 0.2%; and/or dispase at concenirations of 0.5 ng/ml to 10
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5 preferably between 30 mnutes to 1 hour, nost preferably 45 m nutes. The
cells are passed through a nylon or cheesecloth nesh filter of between 20
m crons to 800 microns, nore preferably between 40 to 400 m crons, nost
preferably 70 mcrons. The cells are then subjected to differenti al
centrifugation directly in media or over a Ficoll or Percoll or other
particul ate gradient Cells will be centrifuged at speeds of between 100 to
3000 X g, nore 10 preferably 200 to 1500 X g, nost preferably at 500 X g
for periods of between 1 minutes to | hour, nore preferably 2 to 15

o1 of or abl y, G st O isES of MRk FIRE 7 Hags ul ctiptamAclg, 200

i nvent i on e acEeBDT ARt toreatiationk cﬁéboumldd 2\ profarahfe aigpbpytvlele a§?‘}*—omal
cells to induce them:t ORo, o ¢ hepatic
CSA e elred) B 08 ARHORE M S BUROAS” 18Tt U By e

or other 1ik® 1e Invention Is not bound by any
theory of %&Fﬁ%ﬁBﬁ‘ﬁodﬂT st prefirabised 37 Wafor perisds piriwest 19 méniiss EndiPPBbyt es
wWith a nedi R cOnt LAl g Iy W5 nBAHREY ARk Cal ek Sieded

pref er ah y e &?&ﬂ[ﬁ‘#%r%n%%r@cqgo %%gfﬁra%%@? fied or reconbi naj‘?lﬁt§ growt h
factors, cyth@hgmeslyloﬂnef nmwpthan@bcﬁltechémtwﬂ 2Qgeinoss to H0mErFs S| onal

or 3-di nension roe | f G0t il LAk are th

20Non- 1 i m tﬂrﬁﬁ‘%‘wg‘?ﬁ [eﬂgcr[r% i a ef u | (r?btﬂ;]lig{ met hods ofar% hee]:l

i nvention i b&t&ﬁw%ﬁ&eﬁﬂm&mﬁmﬁml&m@wwm@ag ever Aol or Pexell gotthsie Ser um

Al bum n-five - d EGYR di um
(with and vﬁa%qﬁ’ﬂg e%@% Ceglégrgg B ChEion) %tgggﬁw%%‘gmﬁé%lng{%
( BVE- wi DNE;h&&l@H‘j'QﬁO 91500 X Eandlsep:sfewl}'tﬂt BROSY g forperidsis ofkstweend aninvtesdo Fagl e

Medi um M wi t hout r WaMRd on
Eag: g M(adl b ; g‘%/% W%%%Oﬁ%hﬁ?mn@&s E%Q)l\/édl ulr%i:bgwg%ﬁuum ML99

( MLO9E- wi t MOEasd*’e Iﬁef&aﬂﬁbdmm)m" twémmm@&rﬂmgmt #WEh Hank' s salt
base), M ninmum Essential Medi'umEagle (ME/sl-E-with Earle's salt base),

M ni num Essent i a‘he h&dmmmmis@ thevERshEEntjof FhGH&WR%sﬁS@’&IdﬁnY?&%?m%IHﬁ“M%l num

Essenti al ( b célgoNg
NUNEr ous otlﬁ fﬁ%: ﬁ%\ﬁ%ﬁnﬁoﬁ%ﬁ%hﬁﬁhc @%Lﬁ% 69 O VI RL
1066, NGIC m&%vaﬁﬁﬁknmsﬁtgnYM%ﬂmlthh@d gt frrabnegt Syt el |
Hi guchi, Ed&(@@,@g&ng VebEn N ehBmd dbbrydiBexthol, A
preferred ﬁ%?ocymu}smetgl ﬁm Bt by

preferably a pon-buman embryonic extract, purified or recombinant growth factors,

cytokines, honnénes, and/or chemical agents, in a 2-dimensional or V3-dimensionai

mimmﬁbmmt will indace differentiation.

20 Non-limiting examples of base media useful in the me_thods of the invention include
Miniomam  Essential Medinm Eagle, ADC-1, LPM (Bovine Serum Albumin-free),
FI0(HAM), F12 (HAM), PCCM1, DCCM2, RPMI 1640, BGY Medium (with and without
TFitton-Jackson Modification), Basal Medimm BEagle (BME-with the addition of Barle's salt
base), Dulbecco’s Modified Eagle Medium (DMEM-without serum), Yamane, IMEM-20,

25 Giasgow Modification Fagle Medium (GMEM), Leibovitz 1-15 Medivm, McCoy's 5A

| Medium, Medivm M199 (M199E-with Eade's sale base), Medivm M199 (MI199H-with
Hark's sali base), Minimum Essential Medium Eagle (MEM-E-with Earle's salt base),
Minimum Essential Medium Bagle (MEM-H-with Hank's salt base) and Minimm Essential
‘Medium Eagle (MEM-NAA with non essenfial amino acids), among numerous others,

30 including medium 199, CMRL 1415, CMRL 1969, CMRL 1066, NCTC 135, MB 75261,

MAB 8713, DM 145, Williams' G, Newman & 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 availeble from GIBCO, Grand -
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present invention is DIVIEM These and ot her useful nedia are avail able
fromOECD, G and 12 |Island, N Y., USA and Biol ogical Industries, Bet
HaEnek, |srael, ant: My others. A nunber of these nmedia are summarized in
Met hods i n Enzynol ogy, Volume WM "Cell Culture", pp. 62-72, edited by
WIlliamB. fakoby and Ira H Pastan, published by Academ c Press, Inc.
Addi tional non-limting exanples of nedia useful in the nethods of the
i nvention can contain fetal serum of bovine or other species at a
concentration of at least 1%to about 30% preferably at |east about 5%to
15% nostly. pref t 9 iIﬁfEﬁ - Shihgke her
speci es can%@'@%%%%o%%%% ra'%s?’/%% 0 g%g%%’f%o?%%%a Rprﬁ'é%‘bgi ably
at | east abeofithe@%nddin &6 Sgmmmed pridetbedsiin Pnzymoiosy, Modene INIE Kraldrtutedct or s,
cyt oki nes, hor es:, i WQI‘?Q e | b4 !
I ncl udi ng, Bﬁtég%g’c e%ftfdn?syt e o,g‘ %Ir(%’&n%ﬂ& ﬁ%ﬂ}%@;ﬂp ’g’fﬁyt E’%%gied?ﬂc%%s’m
11 nunbopoi et i o, .A&Hi@nhfﬂ&si&i ex&u;]ﬁéé& iR usefil inl i 186th A 6 e ToverdiRh kRPN AGE
colony stinulating tactor, c-Kit gand/ stemcel | factor, osteoprotegerin
| i gand;-~5ns ebritzin foah sertrh pf bavies oy pleitshedies et aroncentagipriaf atdgastd Poighowt 4%or |
fibroblast gr 0 f i £ % Ok | actor,
pl at el et de?fe\?/%% %é@%ﬁ&qﬂ;ﬁg?’%\r&g lgﬁﬁ%%%e@{%%yh%&gﬂng%cgpr ot Jgf;%i?%{c?of
concentr at i chiskepfor bibenspesies sy bepresent v p congenirgtioniof phoyt ke ¢, neeferplly aat  such
concentrati %&’ab&u?%ﬁ%?ﬁ%r}nisfé%@&ﬁl 263k fdeglnes and hornmones useful jute

€ are - d

met hods of Inventi on ‘ar 0 I nduce, up to 100%the formation of

bl ood cell's (Iynghaj Bl Gloflined M6kBh&” & inBhdB4 eeSbldwi S ooy
adi pose deri ved%?r%ﬁ'gflq%aef I’s&%on g(’)l ony fornl)png_uniet (CF %ggsays_. (Moore

et at (1973jnchdingicat ngtdimdted t9, g Bomgie egiippoqiting thagmbopoiphn gdgriedkin By not
14213875- 38850360 e tlouh. 4 2dbbhake cBibhy siibriod BcOOKr 1@fhdkboth | S
farther recogni zed that additional co

_ adf onal conponents may be added to the culture
Medi um  Suc Kecioamsteeprpieaerindigaih fosuli, st fikegrowy foiepe srifemal SpWlRTeS ani no
acids,. md - Wt Packd? Coiy! nchirof e £tdk, { pi6letoderioad | -
Addi ti onal | ??‘t"gw%&%? g added ct_o’ enhance, t'he_ di f‘éf er_en?i ation
process. 25 Bpwiichein, end bong atprpiogingtiogsalein 2t eoneeaEligaeol bsifeshpiecHEYMLA t ed
to, antigxif %ﬁgﬂﬂm&e&ds Wich cBfceliiiha iR Grdidel RV RY1BEhE ABiHONmdREs
3 ﬂﬁﬁ ol, sterbi%ﬁ, i

2- mer eapt oet ha retinoids, and other- chem cal conpgunds or

agent s t hat usefid ictbe methods gfftes ayrafien 376 able o Biwrs BRI 19874 hetpragtiop ghbipot e | s.

By "charact egj LIRS, eRknrbi Lt d108etdin S i2dih & d6@)ell Sirdnsal bedk gnded
the identi f?%ﬁgti‘?%g&%% of élg’??%egog&janﬂd [ fltt réaégf?l ul ar prot eLPnglt ggﬁnes _and/ or
oTal " te

ot her mar kereotyniimiag mit(GHUN 4585 | Blstree’ @ TP Ao fanare II's to
a particul aife_t&w(gﬁtg}.@!iﬁnﬁfaﬁ&m&@}sﬁﬂzﬁsamdinﬂa%@m}Mqﬁﬁ. Mid 1174 Ts0ude,
[ 0,

but are not mte (a) detection of cell surface proteins by inmuno-
20 1515,

¥t is firther redognized that additional components may be added to the culture

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

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

25 - By “chemical agents™ is meant to include, but not be limited to, antioxidant
compounds such as butylated hydroxyanisole (BHA) or 2—mercaptoethan01, steroids,
relipoids, and other chemical compounds or agents that induce the differentiation of adipose
derived stromal cells. _

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

7- 3¢ of swface and intracellular proteins, genes, andfor 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 immuno-
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13 fluorescent nethods using protein specific nonoclonal antibodies

| i nked using a secondary fluorescent tag, including the use of flow
cytonmetrio methods; (b) detection of intracellular proteins by

I mmunof l.uor escent net hods using protein specific nonoclonal antibodies

| i nked using a secondary fluorescent tag, including the use of flow
zytonetrie nethods; (c) detection 5 of cell -genes by pol ynerase chain
reaction, in situ hybridindion, and/or northern blot analysis. Partially
or termnally differentiated cells may be characterized by the

Identification of surface_and intracellul ar protejn nes,. and/or other
mar ker s i ndffecsespepbmgthodssing; Hﬁ%*ﬁ‘@épef’%ﬁﬂo? ##ﬁ‘*ﬂ?@%ﬁg ETEH, o
particul ar ferahRalasGhbhehetoiuad 6t Gidnetrkhasiodsabhddstdofibtdcelinta| ude,
but are not limted to, (a) detection.of cell s rfacekg&%&%&ﬁ§ ﬁé%ﬂ

i munof | uor%WPY%W?“Wﬂa&P%Wyfoﬁ% BRSO MOSt ai ni n.
g -of adi pPoggsyAelohiR HSdrERHR tagGatthdnsS ds8 6 LAY Stimieni: rlisiis; 4¢) daleltinini ne
phosphat ase, &44, CD146, integrin beta 1 q teopontin, (G aonth £t al .
(1994) BF ootk &8 gFpeu by prlymerisn piath ragipot Bfe Prieiiaiony s orliedtiet ™,

I rmunof | uor it met hods such as flow cytonmetry or in situ 15

-1 mt nost ai ni ng of adi pose tissue-derived sttomal cells using specific

nonocl onal -ant i pagi.ms ociaailgdiftgaiinsd cqlle any be nkarpiedkdd tyriat Sentdicationat ed
receptors, retinoid X receptors, vitamn.D receptors. or fal

det ecti on off THeccapd r‘%?’ﬁ’&?‘é*"%fl?sn@%% _aE%[f“e?:tﬁ v@“né‘}“{l\lﬁs&s@é(‘:} ﬁlthgslgn%;ge

ost eocal Ci NgonViRn3RSIBe stho@iill bdlls tdiparticulanteaminal diffaenfistedsitte oPrest mgibodsn

| i gand and/ or macrophage col any. st nmul ati factor, Jeukocyt and
gr owt h ﬁ&ctﬁ@lb?mﬁ@tﬁﬁgsmﬁuﬁﬁ'éﬁmﬁtqgoﬁéngﬂgggncﬁéfﬁﬁr%ﬁ%§¥5ﬁ¥a§% i tu
hybri di zat i gt aiieys HkBhs 86@lcyomeiry Seér Gunininemedainihe of &WR8Y- Bl ood

74:303-311). The cel]ls may _be adpi nistered.into hoSta-} L.in.a wde
vari ety of -Guyed W@#éﬂﬁ?ﬁ&@%ﬁ“@ﬁ%ﬁ@?@gﬁmﬁg pE ir’ z(%"llg%rngf%&m |
i ntaperitonggl 1 bbsisbpEMRUEGrohthés’ adall (EIo) Gliodussed164-#173);abpidemttion of
intrasternal, intra-ar|icular, iptra-synoyial, intrath .
i nt ra- ar t eringpcellyln prafeus ya{??m‘??)ﬁ‘f"ﬁ??e&ﬁﬂ%%ﬁ%a?&i%tfg’gngé(%%wsﬁ%guf%neous,
i nt ranbigt al judndbstacap sEhdsose tism-Seiilved shomalseitly iy spaificimonstlonal adibadies
vagi nal or urethral adm nistratjon includin la_-.Su LEOLY vitarns
per cut aneouglfecﬁéggmst peroxiscine prolf ‘ oI acfiva'f 16 IS, rehﬁm&) &Ox%ce&:farsy vitamm D
receptors or Cbial; {¢) detection of the expression of lineage selective mRNAs such as
osteocalcin, PPAR gamma, leptin, Cbfal, interleukin 7, osteoprotegeric Hgand and/or
macrophage colony stimulating factor, lenkocyte 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 74:303-31 1.

O

The cells may be administered into a host in order iu a wide variety of ways. Preferred
 modes of administzation are parenteral, intraperitoneal, intravenous, intradermal, epidural,
" infraspinal, intrasternal, intra-articular, intra-synovial, intrathecal, intra-arterial, infracardiac,
25  inframmscular, intranasal, subcutancous, intraorbital, intracapsular, topical, fransdermal patch,
via rectal, vaginal or urettral administration including via suppository, percutaneous, nasal
. spray, surgical implant, internal surgical paint, infusion pump, or via catheter. Im one
esnbodiment, the agent and carzier are administered in a slow release formulation such as a
._direct _tissue injection or bolus, implant, microparticls, 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 mot limited to, flow cytometire,
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spray, surgical inplant, internal surgical paint, infusion punp, or via
catheter. In one enbodi nent, the agent and carder are admnistered in a
sl ow rel ease fornulation such as a direct tissue injection or bolus,

i npl ant, raicroparticle, naicnsphere, nanop article or 30 rtanosphere.

The presence of the differentiated cells of the invention nmay be detected
In a subject by a variety of techniques |nclud|ng but not limted to,
flow cytonetirc, 14 imrunobis. tochem cal, in situ hybridization, and/or
ot her histologic or cellular biologic techniques See, for exanpl e, Kopen
et al., (1999) Proc_ Natl Acagd 6 1071 C cfind
use in regéﬁ@ﬂﬁ@?ﬁﬁi?ﬂ@ﬂhghﬁﬁbg Vs v %h?d%qmmﬁgg? % éﬁ%h n any
class of h B&l 8bé, for@ednipie, Kapdn@sdl. (mm)mxmzse@&m%wm«aﬁﬂtﬁe treated
by renoval of bl ood marrow, isolation of stemcells, and treatnent with
drugs or irradi alme el firdrust in regmngtingf therbernatappice aﬁﬁemeqflﬂshﬂstp@ﬁdmﬁ g

vari ous -hemat o ic cells

rel evant t o™t E‘é‘?ﬁm"?@f”ﬁhdr“égféner a %ﬂ%n@aﬂng ﬁ%gg%ﬁdﬁ % S
hemat opok et §isodc@hrtow, Imm«jﬂsf gtod celtss anyd megtofient wﬁhmar or wéle@qnamrw t?\n‘f‘f-h

hemat opoi eti ¢ devel ShBt o C T&%ﬁ

I nvention f‘?‘ﬁﬁgﬁ{i‘?@ q(% “éep’ézﬁﬁso%u ng z‘iﬂ\}% |Qet y- o %?ésﬂgrd ers gs10 Particularly,
di sorders ags@Bifadds reldvint tdten dell mﬁﬂmawﬁmﬁ &sldevslopment of hematgpoistivt er est .

-El;hgoﬁ (rjgpgf?‘;?g d?%%%@@?’éﬁtgﬁg%?/gﬁéﬁgum oh 0 aﬁéﬁ%ﬁ +\% dﬁtgglt : gnl ncl ude,
but are not %%g‘fm"’g%}ﬁuc géﬂlé%%ﬂh%ﬁﬁgdgsg%Mﬁgwﬁe@fof&s&yﬁg unction

of normal bl ood I'on- an uratio ., aplastic anem a and
hypopr ol f epaaﬁdumﬁysdlﬁmishocﬂtedondéﬂec)d, mavop| stest palls, o1 appedf] igistest  Wieseases

I n the hemat opfgl etic sm% e?] eéy%@l@ﬁgﬁoﬁyrrphorms) broad spectrum
O HON-

mal i gnant s&F mi“'f}r?ﬁlll p0| efic mgin; autoirnnmune conditions;
and ge“e“c d' ercsahb H&%ﬂmﬂﬁ&ﬁ&&{ Jlﬁécwgﬁ,ce@slﬁclﬁe%xﬁ%nbtﬁﬂaﬁﬁ%to

di seases re rom a ure or function of nornal bl ood ceI I
product i on: ammgumglfmm Iayfp@r@pf)laltiy q%é‘fﬁ?ﬁ?ﬁl dlsofl cafl gwpcyetn and

i ncl udi ng o’%@ {}I c neg,‘lda@%eflfl?éﬁﬁy taﬁ@%%d}mlﬁﬁiiﬁ@ L&e‘ﬁ?)ﬁél?%isﬁrdem) neoplastic,

t hr ombocyt apl asi a, "Bl ackf an- D arond. syndrone, due to
drugs, n1#di miligamt dmeasemﬁxecﬂtq hmaicpeliets AT {0-8h eeBomS: IaPhemas) BImd es

i ncl udi ng acut e | %gggt}&gl B4 hx&o&' &f’ﬁgﬂ'ﬂéﬂétbﬁaenc oﬁgﬁglﬁghﬁm@m}ﬁmﬁm and

| ynphocyti c*H acute nyel oi cnous l'eukem a, chronl cra genous
| eukeni a, agmbii dmkde@*la&whrﬂ;se#dageﬂlcé}desl?% arcrhof Lijaed éﬁgg“’?‘t%em a

vera, agnog Y. SH0E &Icﬁsména:ﬂmﬁiﬁeﬂh LT, st
Hodgki n' s |§a§%%€ﬁ% nonhﬁg | nlos0 25 | rmosupjgjrébﬂsm on.in emat | ents
Wi th mal i gnesitdisoststsi éhcluding @W@%ﬁr’ﬂj’nﬁﬁqﬂaﬂﬁaﬂﬁmﬂ‘éﬁ%ﬁn&m@ﬁ

the st oypchysoug C%x&dﬁe@mmaemmwm ebdiadon) br li@aion,

car cl no

r habdonyosalrdnentp:ng;?: mggcﬁgpt %gﬁé@%é@ﬁ & ngﬁma g&l@ﬁéo&%ﬁha?mne
ﬂ | seases. | nf?u“ff%fm% @ Qéyﬂc ﬁﬁﬁcmlé, E&'ﬁﬁe m?él@&;ug &uﬁéﬁﬁ@ chroni6 MyeldE€acus
epatitis, € scC OSI S, system c_| upus_erythernat osus;
leukemia, acute mahgnant myeloscierosm multiple myeloma, polycythemia vera, agnogenic
myelometaplasia, Waldeustrom s macroglobulinemia, Hodgkin's Iymphoma, non-Hadgkin's
25 Iymphoma, nnmunosuppressmn in patients with malignant, solid fumors including ma]zgnant
melanoma, carcinoma of the stomach, ovarian carc:noma, breast carcinoma, small cell lung
carcinoma, retinoblastoma, testicular carcinoma, glioblastoma, rhabdomyesarcoma,
newroblastoma, Bwing's sarcoma, lymphoma; auioimmune diseases including rthenmatoid
arfhritis, diabetes type 1, chromic hepatitis, muitiple sclerosis, systemic lupus erythema’cosus
30 genetic (congenital) disorders inchuding anemlas, familial aplastic, Fanconi's syndrome,
dihydrofolate roductase deficiencies, formamine transferase deficiency, Lesch-Nyhan
syndrome, congenital dyserythropoietic syndrome IV, Chwachmann-Diamond syndrome,
dihydrofolate rteductase deficiencies, formamino transferase deficiency, Lesch-Nyhan
15




30 genetic (congenital) disorders including anem as, famlial aplastic,
Fanconi's syndronme, azydrofol ate reductase deficiencies, formmno
transferase deficiency, Lesch-Nyhan syndrome, congenital

el yseryt hropoi etic syndrone |-W Chwachmann-Di anond syndrone,

di hydr of ol at e xeduct ase defici enci es, formam no transferase deficiency,
Lesch-Nyhan 15 syndrone, congenital spherocytosis, congenital

el li ptocytosis, congenital stomatocytosis, congenital Rh null disease,
paroxysnal nocturnal henogl obinuria, GS6PD (glucose-6- phhosphate

dehydr ogenase) variants .1 ra) gﬂge:t)h hiedd Gayi m@aa,ltal
nyt hr opoi et AT ys,phéo?ﬁosmp%ﬁéwa o & g

I cl ency, sickle cel [ di seas %#
t hal assem a:oﬁgemm Ribetull, diScayanpracxyered - mewey] demeRloRiaac n&q‘éﬁo "sor der s

of |mTun|ty ogehi & eRpwadi FRASCIdR(R]y, Qapital
Iyrrphocyte P’% %eﬁj%@ﬁgoe&ﬁ%r g%%pgngl \(/ye conbi ned i nodejqc CI EBC&

combi ned i mrﬁtuﬂpcﬂ&inl stenﬁmiy deficleney, eigip icplly distspro mdpiraiy
phosphor Iase deflctlhg%ggap ,g%,ggulceggém;aa&dr&;@eéﬂ G, sdaéranwutaned

agr anul i Ssease, adenosi ne deam nase defi ci en{%ir
Kost mann' s mﬁ&@ﬁaﬁncyemsw ASCID), dhyesg dymerbpeyte SYPARASt MooR!

dysfunctio %#Momﬁhoﬁﬁg gh%x}ﬁnﬁeﬁqﬂnﬁo&ﬁﬁﬁ&ﬁoﬁﬁ? |a5eapﬁihi§|dbﬁﬁkﬁliigﬁl s,
acquired he anent as cqui red 1 mui unodeficiencies, Inf _
di sorders caibbsidy phoiphayiasodefisengngramjocymietiiBeiFrsyeRtpal 2 ‘ﬁ?@h
| nfections éﬂu ger"s disease, adeposine deaminase deficiency, Kostmam's syndrome, retlmlar
10 dysgenesis, congenital Leukocyte dysfonction syndromes; and others such as osteoporosis,
myslosclerosis, acquired "hemolytic anemias, acquired inmwnodeficiencies, mfectious
" disorders causing primary or sccondary immunodeficiencies, bacterial mfectmns (e.g.,
Brucellosis, Listerosis, tuberculosis, leprosy), parasitic infections {(e.g., malana,
Leishmaniasis), fungal infections, diéorders involving disproporiionsin lymphoid cell sets and
15 impaired immune functions due to aging, phagocyte disorders, Kostmann's agranulocytosis,
chronic granulomatons disease, Chediek-Higachi syndrame, neutrophil actin deficiency,
peutrophil  meinbrape  GP-180 deficiency,  metabolic  storage  diseases,
mucopolysaccharidoses, macolipidoses, miscellaneous  disorders  involving immuse

mechanisms, Wiskott-Aldrich Syndrome, alpha 1-antirypsin deficiency, ete.

20 Discases or pathologies inclade neurodegenerative diseases, hepatodegenerative
diseases, nephrodegenerative disease, spinal cord injury, head trauma or surgery, viral
infections that result in tissue, orgam, oOr giand -degeneration, and the like. Such
neurodegenerative disecases include but are . not limited to, AIDS dementia complex;
demyeliriating diseases, such as mulfiple sclerosis and acute transferase myelitis;

25  extrapyramidal and cefebellar disorders, such as lesions of the ecorficospinal system;
disorders of the basal ganglia or cerebeliar disorders; hyperkinetic movement dxsorders, such
as Himtington's Chorea and senile chorea; drog- induced movement disorders, such as those
indnced by drugs that block CNS dopamine receptors; hypokinetic movement disorders, such
as Pa:kinsbns disease; progressive supra-pucleo palsy; structural lesions of the cerebelium;

30 | spinocerebellar degenerations, such as spinal ataxis, Friedreich's ataxid, cérebellar cottical
degenerations, multiple systems degenerations (Mencel Dejerine Thomas, Shi-Drager, and
Machado-Joseph), systermioc disorders, such as Rufsum's disease, abetahppprotem:ta, ataxia,
-telangiectasia; and mitochondrial multi-system disorder; demyolinating core disorders, such
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Brucell osis, Listerosis, tuberculosis, |eprosy), parasitic infections
(e.g., malaria, Leishmaniasis), fungal infections, disorders involving
di sproportionsin |lynphoid cell sets and 15 inpaired i mune functions due
to.agi ng, phagocyte disorders, Kostmann's agranul ocytosis, chronic
granur nat ons di sease, Chedi ak-1Ifigadhi.syndrone, neutrophil actin
deficiency, nentrophil nenbrane GP-180 deficiency, netabolic storage

di seases, nucopol ysacchari doses, rnucol i pi doses, m scell aneous di sorders
i nvol ving i mmune mechani sns, Wskott-Aldrich Syndrone, al pha 1l-antirypsin
deficiency, etc. 20D sease r _pat hol ggi es 4 e, LRfgasRe e

di seases, HefatidRle ﬁ@?&ﬁ?@%%ﬁFggﬂ%%Qggﬁb%ﬁro g%%ﬁgpggive gﬁgéggngspina
cord i nj ur Ypenfagah iniscaliiban@phis fagerior, bown qell idegendraiion] it ag #ayotopiyy fatersln

ti ssue, organ, or .gl and degeneratio be. Weratirve
di seases i nclegge B‘%?“%ger @”Hglt Ef“is?%&atre opg)?dﬂﬁggv%gﬁe?ﬁwgq%%@g%gﬁ "
derr?/_e![! ri a'%mﬁ?éﬁ(ﬂ&ﬁ@&pm;?mmelinmﬁd@e sgs) Bifss Sevanbody %’3@515 Pesf era_fse
nmyelitis; 25 extrapyram dal and c | . SUGH H88inNS O
the ecori c‘B@’ﬁﬁ‘-ﬁaPP eg?ﬁydiarg%’l’-dg@%% k?ﬁaeﬂgzgial_ IJE%g) i-a %?age.rebel | ar

di s_olrderrsl; d:,@ttﬁgrdkianai_‘ Higeass) \Sahaate adletmaig_aeﬁ@{m@nhﬂéihs @@W*ﬁ;ﬂ?é}s@‘ﬁ@ang )
senil e chorea; drug- induced nove r oz U 1 pgced by
drugs t hat W%ﬁe&@“ﬁ%ﬁﬁi ﬁ%e’ F‘%’Cef’)r?%? §J %}%ﬁ?ﬁgﬁ ﬁn%\%g%pnt%gg?ders,
such as Par jg)eeik sndiCe Samesny, Mo ghiek sifsrence, pd eefmanctseiod tiexsip, asstentiehyur al

| esions of the cetebell uﬁ]" 30 spi nocerebel | ar degenerations, such as

spi nal at ax{fef" 1 WOHeETeReS, i a, Cerebellar cortical degenerations,

mul tiple syste degener.at.i on lieriddR b 8is e 6 Té}ﬂ;@m mtifidd 8gete. and
I\/t':lchadol“?loseph;n,fn W&Fe?‘i’%%’%ﬂeﬂg?%r'x@g%gde%ﬁh as Rufsum s di sease: 3

abet af i popr @b dogabisxdeass drdb appsete sxiression afiendpgeaerasens: dp aperdapcesy st em

o sorder: GCYGLI S ngCRL otk SRS  oSUShlS vk bl enbideide <

acute tran I'sor of e notor unit, such as
neur ogeni ¢ FGding ffampenephtethat thaneldorcidis irroduckd infoe fell Brdenepndidigeh, as
arnyotrophic | ateral sclerosis, inf 4 L Buis B PRLSE Ak Rk onbYs and
juvenile smmwnﬁﬁg'ém%“%ﬁ%%ﬁ%egp‘%% el rrelraies%%i spase;@%‘a\%ﬁes yndrone in
m ddl e gge; exprebdiots@sskiryincindiny 2 dodiegmbymudentile ecsbindivkd ta 2 sHitablePRIYBdy
LYPe; Ve oK S AP LRIAR Thiodl LR oRhCaN Bl s BioiBub b alsliandploD
di sease; Su & SLYBFSST ng panencephsli'tis hallerrorden-Spatz di sease,;
and Dement i guclhpugirtisat RMNA oSeaborymg. Thik fhegindiag polypuciepiidpcay epeegy #)generpq
Merck Manual , _(1r) .ed r '5! Al : N B cfoRfE h&BdRes, and
references WW&W@ eafnﬁ?é?ﬁergle en%%ﬂnﬁgﬁgfg?%%(r at eadswﬁ%r eigfl by reference.
10l n anot hekor@oizoeieningt fattbre saxdhioposnss,cidranqesgticotephic Jiopngyes SYigkiet ek pf
nmodified, e 0. 1O .expr SeiP burkile-hGRA S8SackiBarCH G881 On Of
s “ilbtee FERARRS  HCBERRUGETE Sab bufiee Coll 1o ex

endogen . *I'haccor’danc enbodi ment, the cell 1s exposed
to a gene tmaiessrh vectiadiesimpuplsinig adheahrwp co4pPd. MR FOIFRIORC%hs gene,

such that the gucl e%fﬁ;&&ﬁgmiop%%%%gﬁg%m_%ﬁ% uehgeder conditions
r e

appr opri at e®F ansgene to expressed wthin the cell .- The

transgene gener %L%%%sﬁp,é%e%%MQ&ecmm Should 164 HEbEratkd GAdi the
y I'in

pol ynucl eoti de oper ed to a suitable promoter.. The codi.ng

pol ynucl eotgmﬁmmuﬁdﬂ%fwdmth?wgqn?%ﬁce@n d‘_ﬁ’ﬁ(?%‘tﬁdgﬁﬁgf"%c_t ive
RNA, sugg as gnﬁl 56 ﬁs@&!ﬁv&{to | ROZY BRnloyddUS, gehbfiRalG0 diobilly el ¥l qegot | de
can encttle FPPYERRMcCONferri ng, far exanple, resjstance to a toxin,.a -
hor mone (s ugiasnsids, meketli BAg VDwich shdy Ab AeROVIRE isPREasseded, iR PERPTEYS: sex
hor mones, renocorti %Q{ZRB QLR &R;). C W9 BHRRIS of UsBirading Ghd Atsied er ons,
i nterl euki ﬁg?nvérﬁ%l ?ayﬂn% oKl n’<|:-,/‘1s:‘=)hj,a a céell )s-urfgce- bougd i, nt rac%l | ar

si gnal i ng neipesyoseshitawiie shchauhiosicomn bereEexslaBanyitd Wik FEnEe Brs,
and fact ors,pLONBLL 0%, Afl ARihd, 16AOReS: 1dlohbBURA! bal andesRtd SasoraHlter

t ransgene - KRohN sequence. e expression cassette cantaining. the

transgepe shaslydiclaninanthonptodnesd t intedidgsdbeesier o Deetisrviigh r
Qel ivering ]tmk&%n t rapsaggne E&mﬁ:ﬂete%ﬁhﬁues %ﬁﬁ‘&dbﬁg}p% ERRndesitiuadiefiate

precipitation, gene gus, electroporation, and infection with viral vectors.
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25 application, any such vector can be so enployed to genetically nodify
the cells (e.g., plasmds, naked DNA, viruses such as adenovirus,

adeno- associ ated virus, henmesvirus, lentivirus, papillomavirus,
retroviruses, etc.). Any nethod of constructing the desired expression
cassette within such vectors can be enployed, many of which are well known
in the art, such as by direct cloning, honol ogous reconbination, etc. The
desired vector will _ 30 largely detente the nethod used to introduce the
vector into the cells, which are generally known in the art Suitable

Lechni ques | ncl Ude cBf.of0Rk B8 b SR usGh ChiR RSP KRFBLDE bON,

gene gun, electroporatlon Infection with viral vectors. 17 The cells
descri bed heéssad enguﬁmﬂgemd@éEiglbnt rob Hiiteibivitense icknelogivy dRTE0RT 2 eEMSE §ife of

tissue engineeri ofthiha Bthe tr&kibeEndiRidsNOSEP4 Qe RB0 5002, 28
descri bed |ﬁﬁ$ﬂ gimkgﬁ%ﬂgkﬁgfcatlonSGC|ted ?% thgh%ackgroungjgf t he

| nventi on (andcﬂ&ﬁdﬁﬁgtd\h@anwﬂéﬂﬂw mcméngb@sweallasﬁmns lapjted dos 1.3 Jal&By anced

Ti ssue i e eg ”%cdldrﬁwqfsis&&}ze SraridAal@iMees© NO,
6, 139, 57% S@t 1?d at a%ﬁmm%%IB 2000 Vascuklrlzed Tlgiﬁe ‘Regener ati on

Matri ces FoForead By STl Frge P’pee!%mﬁqn aEny 32983y, acapli oyt No.
5, 759, 830, {fﬂ)%ég ﬁ%g?%mﬂ%@ %QUCW@O%WgOA}%th@IB%rMM@ d

Cont ai ni ng Vascul ar& ed. Tissue In Vivo;, U S.
Pat ent No. B’QSM&J;@HSTJSmIm Kivoi U.S. Batprt/ B8 )5, BhH8% Yot (421/98) Parenchymal

Cells Packaged In Tmmunoprotective Tissue For Jmplantation; U.S. Patent No. 5,736,372,
i0 -Vacanti‘ et al. (4/7/98) Biodegradable Synthetic Polymeric Fibrous Matrix Containing
Chondrocyte For In Vive Production Of A Cartilaginous Siructure; U.S. Palent No.
5,804,178, Vacanti ot al. (9/8/98) Implantation Of Cell-Matrix Structure Adjacent Mesentery,
Omentum Or Peritoneum Tissue; U.S. Patent No. 5,770, 417, Vacanti et al. (6/23/98) Three-
Dimensional Fibrous Scaffold Containing Atiached Cells For Producing Vascularized Tissue
15 In Vivo; US. Patent No. 5,770,193, Vacanti et al. (6/23/98) Preparation df Three-
Dimensicnal Fibrous Sccgﬁ"old’ For Attaching Cells To Produce Vascularized Tissue In Vivo;
U.S. Patent No. 5,709,854, Griffith-Cima et al. (1/20/98) Tissue Formation By Irjeciing A
Cell-Polymeric Solution That Gels In Vivo; U.S. Patent No. 5,516,532, Atala et al. (5/14/38)
Tnjectable Non-Immunogenic Cartilage And Bone Preparation; U.S. Patent No. 5,855,610,
20  Vacanhi et al. (1/5/99) Engineering Of Strong, Pliable Tissues; U.S. Patent No. 5,041,138,
Vaczﬁﬁi 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 Developmeni and Support Of
- Hydrogel-Cell Compositions; US. Patent No. 6,123,727, Vacanii et al. (9/26/00) Tissue
Engincered Tendons And Ligament; U.S. Patent No. 5,536,656, Kemp ef al. (71116/96)
25 Preparation Of Tissue Equivaleats By Contraction Of A Collagen Gel Layered On A
| Collagen Gel; U.S, Patent No. 5,144,016, Skjak—Braek et al. (9/1/92} Algmate Gels; U.S.
Patent No. 5,944,754, Vacani (8/31/99) Tissue Re-Surfacing With Hydrogel-Cell
Compositions; U.S. Patent No. 5,723,33 i, 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 imvention may, however, be embodied in many different forms and should not be
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Cel |l s Packaged I n I mnaoprotective Tissue For Inplantation; U S. Patent
No. 5,736,372, 10 Vacanti at al. (4/7/98) Biodegradable Synthetic

Pol ynmeric Fi brous Matrix Containing Chondrocyte For In Vivo Production O
A Cartilaginous Structure- U.S. Patent No. 5,804,178, Vacanti at al.
(9/8/98) Inplantation-Of Cell-Matrix Structure Adjacent Mesentery,
Orentunt O Peritoneum Ti-ssue; U.S. Patent No. 5,770, 417, Vaeanti et al.
(6/23198) Three- Dinensional Fibrous Scaffold Containing Attached Cells
For Produci ng Vascul ari zed Ti ssue 15 In Vivo; U. S Patent No. 5, 770 193,

Vacanti at al. (6/23/9 Pr epar at.i 0 Thr
Scaf f ol d F(S’Pﬂsktl?daé"n "d)dé?l é‘?’ﬁ‘gfj f?ﬁ}lsgu e zed 2?32 ¢ vo
Patent No. 2024 ,s§% e ﬂjbﬂbsiuk’eﬁm thbroagh, m@rbmmsandﬁvﬁsw mwmﬂxpon By

I nj ecting Cel | -PoI neric Solsg%‘fém That Cels In Vivo; U S. Patent No.
5,516, 532, Sﬂ&P&If’ﬁthﬁi“ tion fo;thosg abl e Non- | mmunogeni ¢ Cartil age And

Bone Preparation; U S. Patent No. 5, 855 610, 20 Vacanti at al. (1/5/99)
Engi neering X Strong. Pliable Tissues; U S Patent No. 5,041, 138, Vacant'
et al. (8/20/91) Neonorphogenesi s Gixempiiesage In Vivo From Cell Cul ture;
U. S. Patent No. 6,027,744, Vacanti at al. (2/22/00) Cuided Devel opnent
and- Support .O Hydr-ogel-Cell Conpositions; U S. Patent No. 6,123,727,
Vacanti at al. (9/26(00) Ti ssue Engl neered Tendons And Liganment; U.S.

Pat ent : T%&ueﬁieﬁparﬁidnﬁm@ﬁ Ti ssue
Equi val ent ayered On A

A Siromal cells are isolated from human adipose fissue according to the methods
described in U.S. patent application 09/240,029, Filed January 29, 1999 (the contents of

" which are-incorporated by reference), and using the modifications to the growth medivm as
described above. Briefly, hnman preadipocyles were isolatqd from adipose tissue removed

10 by liposuction surgery according to the procedures previously described by Rodbell and
Hauner (Rodbell (1967) and (1974); Haumer, suprd). Preadipocytes from the stromal-
vascular fraction ﬁrere resuspended in DMEM (high glucose) media containing 10% fetal
bovine scrum, 5% chick embryo extraci, and antibtotics and plated at 25,000 cellsfwell in

cach of the wells of a 96 well plate (150 pi/well). The cells were then placed in a 37%C 5%

15  CO, incubator and allowed to seitle overnight. The cells are cultured as primary cultures for
a period of up to 5 days following initial plating. Cells are harvested by irypsin/EDTA

digestion prior to differentiation/implantation. '

Human - adipose tissue-derived stromal cells are tested for hematopoietic
differentiation. based on a bone marrow Fepopulation assay. Immunodeficient SCID or

20  nude/beige mice are lethally imadiated with 11 Gy of yirrediation in a split dose and
mainlained on a diet of acidified water and autoclaved food. Hematopoietic cells from the

bone marrow the same animals are isolated at quantities of appmxirha;tely 107 cells per
téns;:lant Hematopoietic cells of murine origin (107 bone marrow derived cells) or stromal

cell human origin (10° adipose derived cells) are infroduced into the mice 16 hours following

95  ihe lethal iradiation 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. Anfmals ate transfased vnder methoxyflurane
apesthesia.  Six to twelve weeks following transplantation, blood is cotlected from the
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Col I agen Gel; U.S. Patent No. 5,144,016, Sldak-Braek at al. (9/1192)
Alginate Cels; U S. Patent No. 5,944,754, Vacant' (8/31/99) Tissue

Re- Surfacing Wth Hydrogel -Cell Conpositions, U 'S. Patent No. 5,723, 331,
Tubo at al. (3/3198) Methods And Conpositions For The Repair O Articul ar
Cartilage Defects In Manmals; U.S. Patent No. 6,143,501, 30 Sittinger at
at (11/7/00) Artificial Tissues, Methods For The Production And The Use
Ther eof The present invention now will be described nore fully by the
foll owi ng exanples. This invention may, however, be enbodied in many
different forms, and hOLH gubmeg{ed% B c?ﬁﬂéﬁg%gy@ ‘Jiﬂhngpg@gc tngbnbél@:al'

enbodi ment POREE er el ?1; rat her, ese enbodi nents are provi ded so

that this siibediesfs bunaid Herlatopoibisrasll grmkemdndeiing bataot Lpitpd e, Tay A (1ol convey
t he scope of ,the Lnvent | e ' ¢ Rakhs At @YRL Boman Exanpl e
1- bl emat oﬂﬁfkg{}i gb@éﬁ%cf?req]ﬁa%&g;%l }JZ%E&J,i ssue- Dgfi ved Stromal Cells
Stromal cehdatkesr eTHesmhahtegh 67 tofl heripherabbiimpiopeictq wliy of BRBEY YFNG WHE he

L hods < des g Deledrilinda 1 R bnfhd / rediidn® hiskha 29,
1200500 S ey PR B O3 B8 i 29

modi f i cat i aarSested dnlievigjededt fo inodrairirezede gupysHiet snepBe demlpnowstie Jincagtimn

pr eadi pocytes re isglate di | e Gnai)ed BB UCE i ON
surgery actc[g?sa}l’%b&tsomﬁﬁg nﬁ%@%@%%&%@i?%ﬁg%@%is?ﬁ%&by RodbeII§ and
Hama ( Rodbedhpatab@Gitmuantiofkomtinsthods forspecifiv lispagy commpEB@-pocyt es fromthe
stoma! -vascul ar fraction were resuspended in DVEM (hi gh glucose) nedia
containing 10% fetal bovine serum 5% chick enbryo extract, and
antibiotics and plated at 25,000 cells/well in wel .s of a 96

each of the.
wel | pliat eB 15@@@@@@&@@%%%@%@3?%%@@%@@ SRR 5 o p

| ncubat or 2 Al e dtRaSEit 481aRN 8% Nhigh hoohiingCiet hemetheisQlctibedesboas

primry cu res Tor a period of up to 5 days foll O‘M@% i_ni.tjtg{plﬁ%ngti ng.

Cel | s ar e -Whe salls exsdulfyred sspsiary @lyres fr g agiod ghumyiei geys fgliowing it
di f fer ent §f PRl RlAIALS o BRibiiek NORCRAI S5 s, %l otk anbiyoce! | s
are tested T0r hematopoletic_differentiation baseg_m%%ﬂ hone MALT oW
r epopul at | exiraat 9a§ antibistivs 381877 Cei Bells aphagpsted by yp 8 2
15  differentiation/implantation. '
Cells are used immediately for patients with bematopoietic disoxders, such as that
following high dose chemotherapy, or cryopreserved for futire use in the event of an acute
~ medical need by that patient or a listocompatible recipient. Siromal cells are nfused into the
recipient whether as an autologous or allogeneic transplantation, following any event such as
20  chemotherapy or irradiation that severely compromises bone AEOW function and Immune
competence, Stromal stem cells are marked with 2 fluorescent Iabel to allow the physician to
follow their fate following transplantation. Evidence of accelerated bone marow recovery is
monitored bﬁsed on detection of newly synihesized hematopoietic cells (ymphoid cells,
myeloid cells, erythroid cells, and platelets) in the peripheral blood stream based on flow

. 25  cylometric methods.

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

_A. Stromal cells are isolated from homen adipose fissue according to the methods
described above. The cells afe culiured as primary cultures for a period of up to 5 days
following initial plating in a medinm composed of, but not limited to, DMEM (high ghucosc)

30 media containing 10% fetal bovine serum, 5% chick embryo extract, and antibiotics at 37° C.
Cells are harvested by trypsin/EDTA di gésﬁon prior to differentiation/implantation.
20




20 nude/beige mce are lethally irradiated with 11 Gy of 7-irradiation in
a split dose and maintained on a diet of acidified water and autocl aved
food. Henmatopoietic cells fromthe bone marrow the sanme aninals are
isolated at quantities of approximtely 107 cells per transpl ant
Hemat opoi etic cells of rmrine origin (107 bone marrow derived cells) or
aroma cell human origin (106 adi pose derived cells) are introduced into
the mce 16 hours following 25 the lethal irradiation by injection through
the tail vein or retro-orbital vein. Alternatively, the human- stronal
-cells are m xed, i th.the mipi; e IRI-ANRIGIY Gstef| If SmAlmefid@ddt %i&d o
approxi matel y 1:q‘f fﬁgi or-to trl%ﬁst% antation into a subl et ﬁal 'y i rrardi at ed
host ani nal ratsp Nde/Beiga oreSCID ausrpetuds ks aremophetizadiio g seplelgpambesiuping 3%ar e
transfused r et hoxvf | LGSt By imiabulRiat WebAEn W DsRyife0bd OW Ng
transpl ant a#?q s o1 ,%’s%%ﬂﬁ%gac%g%ﬁ#%mt%e 19 rec\ﬁ%i enltf ani malg_(s) and
subj ect ed t pylidiand §0 mpks dtketuney Jihs anijnelharg ansfere ¢ tomstrard dmappaalit 1%0di es
for humap hgmatopoi ghi c.c 154 i Hleeif'd mnPidterdl & thk bRhEd AlRer Thy 1
(T cell r%ﬁ%é)&‘%z‘%t?gn%éh%?{{g% ,ﬂl\/ac fp(rracro hage marker), and BLA
(H 2K, humaholeizmieds i theltioae B eme iatora tpethobregren wifh Wﬂ%‘aﬂ Arrraipatdp P Bk i ¢
cell's of human,versus e LGN 30 s Sl QoS iver 9 30 uimid Pidodnnts iedi es,
bone narrovfngﬁgs%sﬁ eeﬁm%dr?r}]ﬁegsc?%i@nl'? &ce efl)r'e_%arvested aﬁ% sd_%j ected to
in vitro cl sirigigent cdpthsdyss hmrfroopibe nfrface dfdhrditein o T worndl isfebgrdslosTais o
. studies utilize nptlavlcel | ul I 8S €A LS RAYSeutiaizl SoydinBaaii Yzed
usi ng coma@ﬁﬂ?@gﬁﬁﬁﬁﬁgfﬁg gg‘%ﬁ?\@éﬁ?%ggs for spgci?i_c _Iineyzaaqhe conmi t nent
10 B. Hunen peinsios élowiguieef ampsthesia witll kylodueindthgisminepuiingeive cpld HBSo P ed by
| i posuction,_and .adi posezderived it I | ShodeS Ol TR CBain® M U dxQmBGE OBl NY
tot he met h%‘i:% egacr%fq gdo eangﬁg&clé_jﬁess are cultured as primry cjﬁltures
for a peri oHumnohiptothemistryl andsin frigk Idbnidinefion firtiearesgica of ivgan genopy '
gl ucose) nedia containing 1Q9% , Bﬁ}{,‘k@ﬁm’%&%ﬁﬁ\dd&%&%hﬁlﬁﬁn%@&*ﬁ xtract,
and anti bi O%%enﬁpﬁwﬁ%l%s&gﬁ%% veésted by tTyps|n/BDIA di ges?iﬁ’on
prior to 15diffedhtationtdnd trigralionTid deteraizied by this approach. Modifications using cell

15 labeling with fluorescent dyes or genetic engineering of the cells prior fo implantation with

viral agents can be considered.

B. Stromal cells are isolated from hﬁma:n adipose tissue according of an individual
patient for antologpus or-allogeneic transpiantation to a histocompatible recipient according

20 o the methods described above. The cells are culfured as primary culinres for a period of up
té 5 days following initial plating in a medium composed of, bui not limited to, DMEM (high
_glucose) media containing 10% fetal bovine serum, 5% chick embryo extract, and antibiotics

' at37°C. Cellsare harvasted by trypsin!EDTA digestion prior to differentiation/implantation.

Stromal cells will be infroduced into the ceniral nervous system of a patient following
25  a life-threatening and/or debilitating ceniral nervous system disorder or discase, suck as a
traniovascular accident (stroke),. Parkinson’s discase, or Alzheimer’s disease. Cells are
infused into the striatum of the affected area of the brain using a neurosugical approach.
Wherever possible, radiologically guided, minimally invasive methods are used. Cognitive
and -metabolic function of the ceniral nervous system are followed after the surgery to
?;G document improvements secondary o transplantation. Cells are genetically enginsered with
genes encoding enzymes designed to improve CNS function, such as dopamine metabolic -
enzymes in the case of Parkinson’s disease, are used as appropriate to particular disorders.
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Cells are used inmmediately for patients with hematopoielic disorders, such
as that follow ng high dose chenot herapy, or cryopreserved for future use
in the event .of an acute nedical need by that patient or a

hi st oconpatiffre recipient. Stromal cells are infused into the recipient
whet her as an autol ogous or allogeneic transplantation, follow ng any
event such as 20 chenotherapy or irradiation that severely conprom ses
bone marrow function and i mmune conpetence. Stromal stemcells are marked
with a fluorescent |abel to allow the physician to follow their fate
following t |.a L RER 8T anelcatai LN Sirdiid LNy  ecovery i s
noni t or ed Lt s hﬁ@h%ﬁyor nemfgﬁgﬁh?he5|zed hemat opoi etic cells
(1'ynmphoi d cells, Aernthro'd ceII'

rryeI0|d ceIIs elets) in the
peri pher al 1BPBYEd Benag gug Hmelons ; heds™ Exanpl e 2-
Astroglial Comm_tne e Ti ue Derived Str Ils

Stromal cells aﬁg" cﬂ‘“ﬁ%/ %ﬁfﬁﬁ%ﬁmﬁﬂ 2F LS EESE %n In

net hods. d%ﬁéﬂt@&%&h@&ﬁﬁ; or Bilezeaait hﬁzsﬂ&zﬂaﬂbulté umaaﬁpaﬁblempyencwcmmgs for a
period of upto ol | owi n tlal tin um G sed ot
but not i W@@?wwe@ﬁ?cﬂﬁ g*F %I%éﬁ?‘gn ﬁ’tﬁgﬁmﬁq ﬁf{@o@al

bovi ne serqgsdéﬁ@igﬁu ko i0HHaT mngmdﬁﬁﬁummwmmmmaoMMI s are
harvested C%‘F S|n/EDTA%|Fvge tlon I‘IOﬁ?tO di f erentlat np{Fﬁntann

Fnediay yis 4 ot QTRee, conanis 0%

i rmu[rﬁd;af | cggﬁg; Wgﬁﬁev?ﬂfoad @hLB :bawﬁaﬁmggosmﬁka@m piMg €2- mexca;mmmm,t $008r teh _
anest hetized_in_a seal ed cha usi.n ane in ox-ygen; anesthesia
i s maint ai MEHBY i, iy F"é‘? t?ﬁ"é‘@f’“%%’f?éﬁ? %é%(?kg of xyl ozi ne and 60

ng/ kg of ketam an| s ar.e red. t axi C atus in
a5 cleth field e’:&‘?"gﬁv b %geﬁ% N escgthﬁ(f pﬁ?ﬁ%g}ﬁeral- to
t he bregr nagelld abdifen Iimieﬂ o;sumamlm plhmcmbmm mdauﬁrml%tsmmgammgrm
with a denta] .drill 0X ely 10 11.1 of BrR00

cel I's per i tipn, ?ﬂ}s lgaﬂ"@“ga)"? ﬁ?g’é’wgbﬂrﬁebg 535{}?;@%% %}‘éﬁe g’[l‘l at um
at a dept h g@destbndasiMritdiationt fitor Soirdifisentiaiontimplaigrtionn. Celhe atacundsted asat ur ed

dose and t he. ani ol 5 ), 08Pl (Ol oot o e o i AR S 21

15  bacteriological (nontissue cultare) dishes in a volume of 10 ml of medium consisting of
DMEM (high glacose) media with 1mM glutamine but without pyravate, containing 10%
fetal bovine serum, 10% newborn calf serum, and nucleoside stocks (control medium). The
cell cultures are maintained for 2 days, during which time cell aggregates form; at this time,
medium is replaced with the original conirol medium. After an additional 2 days in culture

.an I 3
TS DV

20  (day 4 afier passagc), the cells are fed With control medium supplemented with all-frans
refinoic acid at concentrations of between 107 M to 10 M, most preferably at 5 X 107 M.
| The ceH§ are maitained in the all {rans réfinoiC acid supplemented medium on day 6. On
day B afier passage, the cells aro ready for evaluation and use in the ireatment of a spinal or

| peripheral nervous system iraumatic injury model. *

25 F vitro evaluation of tie cells is performed by passing the cells from the
bacteriological culture dish fo standard tissue culture dishes to provide a substrate for
attachment, Cells are allowed to adhere to the plastic and evaluated based om their

. morphology, consistent with a neuronal differentiation profile, and on their expression of
neuronal associated proteins, including but not limited to, class TIT beta-tubalin, the M subunit

30  of neurofiliments, tyrosine hydroxylase, gluatmate receptor subunits of the GuR1-4 and
GluR6 classes, glial fibrillary acidie protein, myelin basic protein, and brain factor 1 (Bain ef
al. (1995) Develop. Biol. 168:342-357).
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10 perfusion follow ng deep anesthesia with xylozine and ketam ne, using
i ce cold PBS, 3% buffered parafornal dehyde, and then 10% sucrose. The
hul as are ei am ned by i munohi stochem stry and in situ hybridization for
t he presence of human gene markers (Al u fragnent) and expression of cel
| i neage specific markers. Evidence of human cell survival
differentiation, and mgration is determ ned by this approach.
Modi fications using cell 15 labeling with fluorescent dyes or genetic
engi neering of the cells prior to inplantation with viral agents can be
consi dered. B. SEranalagakl f%kﬁmhéﬁ#é&&ﬂwé ?thggﬁmgqﬁhQQQQQkQ&QQQn
accordi ng of an”t it ¥ patlent r auto ous ,or .all nel c,
transplantameQﬁmkdmaﬁhmsBmmmhga@ﬁ@ﬂ@ﬂﬁﬁﬁﬂ%&@%ﬁﬁﬂ@@%F %Ub¥%PFh@mnethods
descri bed Y itetde ton riod
a@gég@gga@abb@ wfédt ﬁ(zﬁjﬂlml@ﬁh G, icus‘pﬁx%l puge

of up to 5 ng-initra p ating_in medi um_conposed_of, but not

limted to, m&EMt!@dmcgiwext@m%@e?cmﬁ E@B&F&@ﬁﬁ‘?@’s&‘é% 10 e Tadchr? A Wer ym

5% chi ck_e gﬁ];gpa Taﬁ&é‘théﬁh 7@190@,‘@{];,553,@&@ daronbéagd by

trypsi n/¥D a%‘f?eé%{ul[on pr| or 1o a?erent [ at | on/| npla._tati f)n OS'[I‘O[T&|
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ogl ca S{} gui

Wher ever rarg ded, m ni mal y | nvasi ve net ho S are
used. @@nlﬁbmeﬁm@nmmﬂlb@dan@ﬂ%sﬁe% prpFogeaietpp fating, are

foll oned aff e . SUrae :ﬂﬂ{-}# lﬂmﬁwm
transpl ant a’P%br‘nmgae a%egpgeng@llca engi neered with_genes. enggdl ng
enzynes desthgnedvir betmm\womscdﬂu mﬁpléﬁ ooé $ham @HREh WEUSt abbihe

enzynes in th case S&: ﬁéﬁé@%ﬂd%%@dﬂé@l@k&ﬁh&lto
particul ar ‘E?P g(%he %ﬁ&g (r?gﬁ@kﬁ’B Neur oﬁal Ogm*n t ment Human Adi pose

Ti ssue- Deri Mﬁdoﬁbaﬂgrrfai eisntesof Injupradiposy Feppul eellarier Aeivad Wﬁ% oREESery in
a Traumatic, Nerv PN r atioh Is o taedseheg from
”E# 3 {’?“%&’e%%%%r gﬁ}h}d 11 differentiatioh 1s QBB bl SnifoBy

human a po‘l i'ng of an 1 ndividual patient for autaql ogous or
al | ogenei ¢ éligadenybloayte spierifin magkers 9P B OB EFPRI e RIPIRIPSROOBPHF AP 5 to

t he net hods desp(r:gd ge‘gﬁ.@lggyg as-ﬂ-g'.:‘; gﬂﬁcqﬁﬁk&ygﬁgﬁr@db@mrmaﬁﬁwlﬁu@wres
ay

foraperl Iovmnglnltlal E I n a nmedi,
conposed ofﬁbrﬂlaw a:mlic Proteing @ﬂﬁl‘oaﬂdm‘{lﬁp asy P9 W YR

gl ut am ne but &gﬂ oSizafl ﬁh@mg)ﬁ&%tﬁﬁiﬂkenﬂﬂibh whitkerd 0%
newbor n cal‘r‘ u&l)’(](raom %Hgt 1 oM 2- ner capt oet hanol, 1000

uni t shuko ofmt&uk&rmﬁsncnhfﬂtpm@royﬂﬂmw&ﬁd antibiotics at 37C. 10Cells are

har vest ed by trypsi n/ EDTA di gesti on ior. to._djiff tiatjon l ant at i on.
Y ﬁgtematwe!y, the isolated adlpose%rssuc dﬂ:[ivedstro ceﬁlg uitureé ”i?

culturm; for a period of up to 5 days following initial plating in a medium composed of, but
not Bmited to, DMEM (high glucose) media containing 10% fetal bovine semm, 5% chick
embryo extract, and antibiotics at 37° C. Cells are harvested by trypsin/EDTA. digestion prior

25  tg differentiation/fmplantation.

Human adipose tissue-derived stromal ce]is are tested for neuronal differentiation
based on in vitro assays. Fumen adipose tissne-derived stromal -cells are cultured at
ccncemmuons of 8,000 cellom® for 24 hours in DMEM supplemented with 20% fetal
bovine serum znd antibiotics. The cells are then treated with antioxidants such as BHA at

30  concentrations of 20 M to 200 zM in DMEM with 0% fetal bovine serum for periods of 5
bours o 5 days. Cells are fixed and examined for the expression of neuronal differentiation
by (2) morphofogical criteria; (b) immmohistochemical, immomoflaorescent or flow
cytometric criteria; (€) immunoblot criteria; andfor (d) polymerase chain reaction or northern
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Cells are then plated on tissue culture plastic substrate coated with 0.1%
sterile gelatin solution. Cells are harvested during rapid growth stage by
0.25% trypsin and 1nmM EDTA digestion and trituration prior to
differentiationfinplantation. Cells are harvested as a suspension, wth
single cell and cell clunps together. Cells are aliquoted to 100mm
di aneter 15 bacteriological (nontissue culture) dishes in a volune of 10
m of medi um consi sting of DMEM (high glucose) nmedia with |IraM gl atam ne
but wi thout pynwate, containing 10%fetal bovine serum 10% newborn cal f
serum and gy S RLAE KRGO Wel1Ohre FBO By thdih Skpfbibn 614 SUBERSF Be€
nalntalned or days, during which tlne ceII aggre at es fornr at this
time, nedi ufellpwing eprzra@édnw:qrﬁ eray, F-§f i rt%& s Aptitad
addi ti onal ggﬁ% brfed!r ﬁm&ﬁtofogtewnénﬁéraﬁaaﬁmq@mdctfﬂ@f&ﬁtd@ o@rae fed
Ium su

with contro plemented wth_ all-trans retinoic acid at
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Col oont i vat| on o ferentiation specific markers 20 is
t aken as eﬂ@@qeeﬁtﬁmﬂ%@d’éﬁhﬂhﬁwﬁ@f% & entiation. - Al ternatively,
the isol ated adi pose tissue derived stromal 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 Lim hi gh gl ucose) nedi
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stromal celft &egpethods desgrbedap “Methogn qrd gf"f’-ﬁ"’e"’r"@’r’l L5 elgien o HHaR ¢ ¢ o
assays. Haman adi pose tissue-derived se4éong cells are cultured at
concentrations of 8,000 cells/cn2 for 24 hours in DVBM suppl emented with
20% fetal bovine serumand antibiotics. The cells are then treated with
anti oxi dants such as BHA at 30 concentrations of 20 /AMto 200 pMin DVEM

with 0% fetal bovine serumfor periods of hours to 5 days. Cells are fixed
and exam ned for the expr essr on- of ‘neur-




23 Dblot analysis of selected nRNAs. Cells are assessed for their
expression of a subset of the follow ng neuronal markers: NeuN, NF-M NSE,
nestin, and kith using antibody or oligonucleotide reagents. Morphol ogic
criteria of differentiation include the formation of a contracted

mul ti pol ar cell body w th nmenbranous, process-hie cell extensions |eading
to 5 growh cone-like termni and filopodial extensions, the ability of
such cells to generate and naintain an action potential consistent with
neuronal signal transm-ssion, and the ability to express receptors and
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infusion. Representative animals fromcontrol or experinental gr oups are

R e ot

rrIDI ecg':‘é;r mys 3 Hl%%ﬁ?ﬁﬂ 5 55 BT 8unen resence of
fr om hunan TAdeHEE th%m%f %%i%ﬂ@'#er&ap PRI B“p%'t'%e?ﬁ?&%%at *
3323?3?(355#@5% TGS ﬂtafe?(:ﬁ? ”%e‘?t‘“ﬁ?e%%“‘%s@énﬁ’é‘%%onp@%?%ﬁ S
(?9; fzzgegtzlgantl i Ofnﬁggfgaﬁ?m Z ea% n%énum ng t I cat |S§b§)“°?| Sc{\lggber
ggs\éef orrg\ﬁggelfﬂlﬂgq re Ckﬁ%‘f“fgls%% 1 a rredl uﬁ?corrpg%?égw%%eﬁ%%d l(l"?ll%‘t&%l i tteg °
enbryo i 0 A TRiae s e oer s B b ™ | P R Vested by o
trypsi n/ EDTA digestion prior to

25 -




differentiation/inplantation. Stromal cells will be introduced into
the spleen, circulation, and/or peritoneumof a patient suffering from
degenerative liver diseases of any origin, secondary to viral infection,
toxin ingestion, or inborn netabolic errors. Werever possible,

rat hol ogically guided, 10 minim.1ly invasive nethods will be used to
inplant the cells. Cells genetically engineered with genes encodi ng
enzynmes designed to inprove hepatic function will be used as appropriate
to particular disorders. Many nodifications and ot her enbodi nents of the
i nvent i omyilMS: come to mind to one 15 skilled in the art to which this

i nvention pertains having the benefit of the teachings presented in the
foregoi ng descriptions and the associ ated drawi ngs. Therefor; it is to be
under stood that thgniigyeet iadiposestisaet dérivedetrbinali ¢edldthttohashieccs padicgd ¢o

enbodi nents di scl osed, and thatfnndlgic tﬁpns and ot her enbodi nents are

i nt ended XBeH &t et PIFBFAFPERICH ?h%m:%HE%’Of t he appended cl ai ns. Al t hough
specific terns are enpl oyed herein, they are used in a generic 20 and

descriptive sense only and not for i poses of. limtation, - | VS:

| . An isolatedzadipégéaﬁﬁggﬁ@pﬂﬁrW@ﬁgagﬁ?gﬁ%?m@eﬁwn@ﬁgpmh§§nHégﬁmfkguced to
express al,L&aslcaQBe CRAEAGIBE bFA hén-afip@a tiepk dadded akll @eivhich at least on@.  An

i sol at ed adi pose tissue derived str 4;hat haﬁ been induced to

mal, ce] |
express @Pnﬁ@bgﬂwéﬁ@mkﬁéﬁa%@é??@?Wﬁ%ﬁﬁ”aw FeBR €t i ssue derived cel
in which at | east one non-endogenous nucl eic aci d sequence has been
i ntroduced into the cell. 3. An_.isolated ?fgggﬁg issuipggrived
0

stromal cel|l Bhat hasstiaedh alinasrclyug deraxef rwgwalyee & f@ristic

of an’ epieﬁgsia@\ea&%@ chdlactisGh odn dpRBS Tl QNG RAChER dgEINe wEn-Bikitigeions aci d
sequence S been introduced into the cell. 4. Use of an isolated

adi pose tnbelsinecid euugrsd het hegniifrogused inthike cilhs been i nduced to express at
| east one characteristic of a non-adi pose tissue derived cell for the

preparation of a nedicanent for treating a neurode?enerative,disease, a
hepat odegener 4t i veUsé sfeagenlated WWQ@%M?‘MWW' ¢RIt das begn &RPERAITC cor d
hjury, Q-g ai"gssta{ RlBne &a}le{c{e?ilstgf (Q'f foh a8 ogenﬂguer(ﬁﬁb@df[c'%ll Ifg} the Sepeation ofa
degener at’i'on, "an AP NG I sease, Or a netabolic storage disease, in a
subj ect . medicament5for Usating sameiredsigetceativadiissesse a bepstndegrasplied dst4sHnal cel

t hat has been. induced.to expr . L PREENRLBRA L AL R et Akul@Nn
epi t hel | AFPERIEIRIVE ARCHBEAS: §§f$§%u%§&§ Nedr cament for treatiﬁ% a

neur odegeRekatiaeratins easeinanine datodey e metakolicsdordgeslisass, ing subject.

nephr odegener ati ve di sease, a spinal cord injury, head trauma, a vira
infection that results in tissue degeneration, an autoi nmune di sease, or a
met abol i ¢ st osage dissep@dsolitad aligubijimot derived stromal cell that has been induced to

express at least one characteristic of an epithetial cell for the preparation of a medicament for
treating a neurodegencrative disease, a hepatodegenerative disease, a nephrodegenerative
disease, a spinal cord injury, head trauma, a viral infection that results in tissue degeneration,

an autoimmune disease, or a metabolic storage disease, in a subject.

6. The use of claim 4 or 5, wherein said adipose tissue-derived stromal cell is

derived from a human:

7. The use of claim 4 or 5, wherein said adipose tissue-derived stromal cell is

isolated from omental adipose tissue.
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6. The use of claim4 or 5 wherein said adi pose tissue-derived stromnal

cell is derived froma human. 7. The use of claim4 or 5, wherein
sai d adi pose tissue-derived stronmal cell is isolated fromonental adipose
tissue. 8. The use of claim4 or 5, wherein said adi pose
tissue-derived stromal cell was isolated fromsaid subject. 9. The
use of claim4 or 5 wherein said adi pose tissue-derived stronal cell was
i solated froman all ogenei c donor. 10. A conposition conprising an

adi pose tissue derived stromal that cell has been induced to express at
| east one charg.ct erTihs secofefaia 4ned; abkrpio said hilipsweissherderied strembl dell was

conbinatLgﬂ' i L h a_ﬁh rmaceutically acceptable carrier. 11. A
conposi ti! m%%&ﬁ??@'ﬁgmﬁh adi pose tissue derived stromal cell that has

been induced to express at | east one characteristic of an epithelial cel
in combination wth a pharpaceutically acceptable carr.ier. 12. An
i sol at ed adi pdse ti L&y ékﬁ9éd”§twgﬁépsﬁ Plp?ﬁéF“ﬁgénggéﬂopﬁHﬁgQ@Sto
express atoldepsim NSl EBiAder i stic of a non-adi pose tissue derived cel
in atw or three dinensional framework suitable for inplantation into a

host . 13. An isolated adi pose tissue derived stromal cell that has

been i nduced ti19. expy e§SpRiioh @8MbriGRe af hamaG!t ki térve®@fstiranalepit &l haal cel |
in atw or three dinensional framework suitable for inplantation.into a
host . been induced to express at least one characteristic of a non-adipose tissue derived cell in

combination with a pharmaceutically acceptable carrier.

11. A composition comprising an adipose tissue derived stromal cell that has
been induced to express at least one characteristic of an epithelial cell in combination with a

pharmaceutically acceptable carrier.

12. An isolated adipose tissue derived stromal cell that has been induced to
express at least one characteristic of a non-adipose tissue derived cell in a two or three

dimensional framework suitable for implantation into a host.

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

framework suitable for implantation into a host.
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