WD 03/ 040346 PCT/ US02/ 36317 NMETHODS AND COVPOSI TI ONS FOR THE USE OF
STROVAL CELLS TO SUPPORT EMBRYONI C AND ADULT STEM CELLS CROSS REFERENCE TO
RELATED AWBLOBGABHEON 5 This application clains priority toPdraisoSsssial No.
60/ 344,555 filed Novenber 9, 2001. FIELD OF I NVENTION This invention

provi des net hods and conpositions for the use of stromal cells 10 derived
from adi pose tissue, bone, bone nmarrow, cartilage, connective tissue,

foreskin, h»m?ﬁeiﬁmmemm@sqh@m%R PERCESYE: BF mmﬂémmmé kel et al

nuscl e, tendons unbilical cord, or other sites in i solation, culture

and mai nt enance of WWT@WRXQNHCANPM%TIﬂFM@m thereof. 15
BACKGROUND OF | NVENTI ON Enbryonic stemcells are derived fromthe inner
cell mass of blastocyst-stage enbryos [Odorico et al. 2001, Stem Cell s

19: 193-204; Thonson €ROSS REIOBRENOEGEO REUATER APPEICATUHAN 92: 7844- 7848.
Th | . I b d
onmson ? et a s? %%ﬁhgér:]t oﬁ Qi:a %gﬁ 1‘}‘%4(? U1§‘ ehal I-\weq%?M,IG:ﬁge iﬁe giﬁc?vega%gr%' e

variously as pluri tent 'stemcel st ngui’shi ng 20
characteri2@dlc is their capaC|ty to give rise to differentiated daughter
cells representing all three germlayers of the enbryo and the
extra-enbryonic cells that support devel opnment. Stemcells have been
isolated fromother sites in t FEEEDOFNINVENTIONadul t tissues. Pluripotent
or totipotent em.cells capable of differenti.ati into ¢ ecting
all three ger ll‘%ly‘B’re’%t‘Oprr?‘ﬁ ©S tﬁ% W CRPOpILigys f?’gﬁler Pst?rﬁfeWQHB F'?]rJBr di al
germ nad rd&iped dont BEipatd tidaiee beRl Benembiyw, cdriilegs, beinrt®afigid) domskin,and from
non-enbryogéc ti ssueg cl udj ng but not |Iimted tocih bone rro

graltg

brain, |ive$megisnpsd. 8?“&1 SHPgH duspieatkelsiphmusclg, dgndeng u ’é‘&?l and

unbi lical &n4 dorQJtl%?%tesTﬂﬂfeeis&l@ﬂldns cOltE® bRy maintiiRe bf embARART adBlf ﬁ&ﬁrt ies.
They di spl a h levels of alkaline phosphat ase enzyne activity [Shanbl ott

et al. 199% SPP psepgbereofacad Sci USA 95: 13726- 13731] . They al so express high
level s of 30 the tel omerase enzyme, a ribonucleoprotein that catalyzes the
addition of telonere repeats to chronosone ends. This activity maintains

t he chtdnosome | ength and iBAEKGROENDOF INVENIEON  mortal ity [Odorico et
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stemcells of human origin express cell surface markers inc
embryos [Odorico et al. 2001, Stem Cells 19:193-204; Thomson et al. 1995. Proc Natl

Acad Sci USA. 92:7844-7848.; Thomson et al. 1998. Science 282:1145-1147]. These
cells are described variously as pluripotent and totipotent stem cells. Their distinguishing

20  characteristic is their capacity to give rise to differentiated daughter cells representing all
three germ layers of the embryo and the extra-embryonic cells that support development.
Stem cells have been isolated from other sites in the embryo and in adult tissues.
Pluripotent or totipotent stem cells capable of differentiating into cells reflecting all three
germ layers of the embryo can be isolated from the primordial germinal ridge of the

25 developing embryo, from teratocarcinomas, and from non-embryonic tissues, including
but not limited to the bone marrow, brain, liver, pancreas, peripheral blood, placenta,
skeletal muscle, and umbilical cord blood. These cells display a number of common
properties. They display high levels of alkaline phosphatase enzyme activity [Shamblott
et al. 1998, Proc Natl Acad Sci USA 95:13726-13731]. They also express high levels of

30  the telomerase enzyme, a ribonucleoprotein that catalyzes the addition of telomere repeats
to chromosome ends. This activity maintains the chromosome length and is correlated
with cell immortality [Odorico et al 2001, Stem Cells 19:193-204].
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development of a teratocarcinoma, exhibiting the differentiation of gut-like structures,

neural epithelium, cartilage, striated muscle, glomeruli and other tissue types [Thomson et

al 1998, Curr Top Dev Biol 38:133-165; Amit et al. 2000, Dev Biol 227:271-278;

25  Reubinoff et al. 2000, Nature Biotechnology 18:399-404]. Alternatively, the embryonic

stem cells differentiate into cells derived from all three germinal layers when cultured in

vitro as embryoid bodies [Itskovitz-Eldor J et al. 2000, Mol Med 6:88-95; Reubinoff et al.
2000, Nature Biotechnology 18:399-404].

Current methods for the isolation and maintenance of embryonic and other stem

30 cell lines rely on the use of murine embryonic fibroblasts (MEF). Prior to co-culture, the

MEF are irradiated (levels of between 35 - 50 gray) to reduce cell proliferation without

compromising metabolic function [Shamblott et al. 1998, Proc Natl Acad Sci USA

95:13726-13731; Amit et al 2000, Dev Biol 227:271-278]. Embryonic stem cells are
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The frequency of embryonic stem cell clones has been noted to increase several-
fold with the use of serum replacements [Amit et al. 2000, Dev Biol 227:271-278]. The

25 presence of basic fibroblast growth factor is required for the continued undifferentiated

proliferation of the clonal embryonic stem cells. The combined presence of bFGF, LIF,
and forskolin is associated with the development of tight, compacted multicellular human
embryonic stem cell colonies as opposed to flattened, loose colonies seen with other
primates (rhesus) [Shamblott et al. 1998, Proc Natl Acad Sci USA 95:13726-13731].
30  After 9 to 15 days, individual colonies are dissociated into clumps by exposure to calcium
and magnesijum free phosphate buffered saline with 1 mM EDTA or other divalent cation
chelator, by exposure to dispase (10 mg/ml), or by mechanical dissociation with a

micropipette [Thomson JA, Itskovitz-Eldor J, Shapiro SS, et al. 1998. Embryonic stem
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Schiff discloses a method for culturing human pluripotent stem cells in the absence of

20 feeder cells, such as MEFs. It remains to be demonstrated that a totipotent stem cell can
be maintained indefinitely in an undifferentiated state in the absence of feeder cells
[Odorico 2001, Stem Cells 19:193-204].

Therefore, the object of the current invention is to provide a method and

compositions to assist in the isolation, culture and maintenance of stem cells.
25

SUMMARY OF THE INVENTION
The present invention provides methods and compositions that include the use of
tissue-derived stromal cells, including adipose-derived stromal cells, as a feeder layer in
the isolation, culture, and maintenance of adult, embryonic and other stem cells. Methods
30 and compositions for consistent support of stem cells by irradiated adipose-derived

stromal cells are provided.
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support of stemcells by irradi ated adi pose-derived stromal cells are
provi ded. 4 WD 03/040346 PCT/US02/ 36317 |In one aspect of the invention
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In still another aspect of the invention, tissue-derived stromal cells, including

20  adipose-derived stromal cells, are used in the culture and maintenance of stem cells of
various types, including but not limited to, neuronal stem cells, liver stem -cells,
hematopoietic stem cells, umbilical cord blood stem cells, epidermal stem cells,
gastrointestinal stem cells, endothelial stem cells, muscle stem cells, mesenchymal stem
cells and pancreatic stem cells. Irradiated tissue-derived stromal cells are also used to

25  culture and maintain such stem cells.

In another aspect of the invention, isolated tissue-derived stromal cells, including
adipose-derived stromal cells, are supplemented with growth factors, cytokines and
chemokines that are used alternately to enhance proliferation, to maintain, and to facilitate
the directed differentiation of co-cultured stem cells. Alternatively, the isolated tissue-

30  derived stromal cells are first irradiated and then supplemented with growth factors,
cytokines and chemokines which are used alternately to enhance proliferation, to maintain,

and to facilitate the directed differentiation of co-cultured stem cells.



adi pose-derived stromal cells, are supplenented with growth factors,

cytoki nes and chenokines that are used alternately to enhance
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factor. Actin signal served as a control for equivalent cDNA levels in each reaction. PCR
20  products were sequence confirmed. In common with both murine and human bone
marrow-derived stromal cells, adipose derived stromal cells expressed the following
cytokine mRNAs: interleukins 6, 7, 8, and 11 (IL-6,-7,-8,-11), leukemia inhibitory factor
(LIF), macrophage-colony stimulating factor (M-CSF), granulocyte-macrophage-colony
stimulating factor (GM-CSF), granulocyte-colony stimulating factor (G-CSF), flt-3 ligand,

25  stem cell factor, tumor necrosis factor a. (TNFor) and bone morphogenetic proteins 2 and 4

t (BMP-2, -4).

Figure 3 shows data for total cell expansion for various co-cultures.
Hematopoietic cells from 12-day adipose stroma co-cultures were examined for total cell

30  expansion (left panel), CD34+ cell expansion (middle panel) or seeded on MSS5 cells for 5
weeks and the expansion of myeloid long term culture initiating (LTC) cells. In the
absence of exogenous cytokines, adipose-derived stromal cells supported a 5.1 -fold

expansion of total hematopoietic cell numbers (average, n = 4 stromal donors, n =2 UCB



Figure 3 shows data for total cell expansion for various co-cultures.
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factor, to 1solate, ure and naintain stemcells. ﬁrbtt
20 1nﬂamamatory proteins (alpha and beta), myostatin (also known as Growt 1 ferent1at1on

Factor-8), neurturin, nerve growth factors, platelet derived growth factors, placental
growth factor, pleiotrophin, stem cell factor, stem cell growth factors, transforming growth
factors, tumor necrosis factors, Vascular Endothelial Cell Growth Factors, and fibroblast
growth factors including FGF-4 through FGF-10, FGF-16 through FGF-20, FGF-acidic

25  and basic fibroblast growth factor, to isolate, culture and maintain stem cells. In another
embodiment of this invention the isolated tissue-derived cells are irradiated before the
culture media is supplemented with such additional growth factors, cytokines, and/or
chemokines. Alternatively, the isolated tissue-derived cells are irradiated after the culture
media is supplemented with additional growth factors, cytokines, and/or chemokines.

30 In a further embodiment of the present invention, tissue-derived stromal cells,
including adipose-derived stromal cells, are genetically engineered to express proteins,
including but not limited to, leukemia inhibitory factor, IL-1 through IL-13, IL-15 through
IL-17, IL-19 through IL-22, granulocyte macrophage colony stimulating factor (GM-
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including adipose-derived stromal cells, are used to isolate, culture, and maintain stem
cells originating from adult tissues, including but not limited to, neuronal stem cells, liver
stem cells, hematopoietic stem cells, epidermal stem cells, gastrointestinal stem cells,
endothelial stem cells, muscle stem cells, mesenchymal stem cells and pancreatic stem
25  cells. In an alternative embodiment, the tissue-derived stromal cells are irradiated.
In another embodiment of the present invention, isolated tissue-derived stromal
cells, including adipose-derived stromal cells, are supplemented with growth factors,
cytokines and chemokines that are used alternately to enhance proliferation, to maintain,
and to facilitate the directed differentiation of co-cultured stem cells. Alternatively, the
30 isolated tissue-derived stromal cells are first irradiated and then supplemented with such
growth factors, cytokines and chemokines.
Cells with features similar to adipose tissue-derived stromal cells are obtained from

other tissue sites. These include, but are not limited to, bone, bone marrow, cartilage,



stemcells, hematopoietic stemcells, epidernmal stemcells,
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surface promeieheneditthionmossmes. pEtieeslls expiesy lsgh levels of telomerase activity and are

20  distinguished by specific cell surface proteins and transcription factors.

"Adult Stem Cells" is intended as any undifferentiated cell found in a differentiated
post-embryonic tissue that can renew itself and (with certain limitations) differentiate to
yield all the specialized cell types of the tissue from which it originated and into a wide
variety of other cell types.

25 "Leukemia Inhibitory Factor" (LIF) is intended to mean a 22 kDa protein member
of the interleukin-6 cytokine family that has numerous biological functions. LIF has the
capacity to induce terminal differentiation in leukemic cells, induce hematopoietic
differentiation in normal and myeloid leukemia cells, induce neuronal cell differentiation,
and stimulate acute-phase protein synthesis in hepatocytes. LIF has also been shown to be

30 necessary for maintaining embryonic stem cells in a proliferative, undifferentiated
state.

"Feeder Layer" is intended to mean cells that have been inactivated by chemical or

radiologic means so they will not divide yet will still produce the growth factors, cytokines
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DNA added to t l&mnagmlet mess agepiks of DNA inserted by artifice into a cells that becomes

20  part of the genome of the cell, cell line, tissue or organism (i.e. either stably integrated or

as a stable extrachromosomal element) which develops from that cell. Such a transgene
may include a gene that is partly or entirely heterologous or foreign to the cell or organism
to which the heterologus gene is introduced, or may represent a gene homologous to an
endogenous gene of the organists. Included within the definition is a transgene created by
25  the providing of an RNA sequence that is transcribed into DNA and then incorporated into
the genome. The term “transgenic” additionally includes any organisms or in part thereof,
including, but not limited to, cells, cell lines, cell cultures or tissues whose genome has

been altered by in vitro manipulation or by any transgenic technology.
“Transforming Growth Factor B” (TGFp) is a 55 kDa, 391 amino acid (aa) pre-
30 proprotein that consists of a 23 aa signal sequence, a 256 aa pro-region and a 112 aa
mature segment. Prior to secretion, the pro-region is cleaved at an RxxR site with a furin-
like protease. This generates a non-glycosylated, 25 kDa, disulfide-linked mature dimer

that non-covalently associates with its previously attached disulfide-linked pro-regions to

10
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20 Adipose tissue offers a source of multipotential stromal cells. Adipose tissue is

readily accessible and abundant in many individuals. Obesity is a condition of epidemic

proportions in the United States, where over 50% of adults exceed the recommended BMI

based on their height. Adipocytes can be harvested by liposuction on an outpatient basis.

This is a relatively non-invasive procedure with cosmetic effects that are acceptable to the

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

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

to see a recurrence of adipocytes in an individual over time. This suggests that adipose
tissue contains stromal stem cells that are capable of self-renewal.

“Adipose tissue-derived stromal cells” are obtained from minced human adipose

30 tissue by collagenase digestion and differential centrifugation [Halvorsen et al, 2001,

Tissue Eng. 7(6):729-41; Hauner et al, 1989, J Clin Invest 84:1663-1670; Rodbell 1966, J

Biol Chem 241:130-139]. It has been demonstrated that human adipose tissue-derived

stromal cells can differentiate along the adipocyte, chondrocyte, and osteoblast lineage
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15 serum Subsequent studi es have denonstrated that many cell types secrete
PDGF and that the cytokine is a mtogen for cells of the nesodernal

| i neage (WDIGley34bone, connective tissue),. H |sol ati onPaff/US02/36317

Adi pose-Derived Stem Cells 20 Adi pose tissue offers a source of

mul ti potential stromal cells. Adipose tissue is readily accessible and
abundant in many individuals. Cbesity is a condition of epidemc

proportio E%tﬂg%yg t%rlcl}@(%]{ %ﬂaﬁ% éeﬁlocm@m%pﬁyseﬁes%ﬁalﬁ&n P 753 9X GR%&fhdshe
recommend on their heig Yt es can be harvest ed by
| i posuct i ot abB0@ln Joumnplaef €aik Plyaiology 89\11ﬁ|5§ 63s vioesem e ﬂ/leIZQOIH(Mﬁt?W&”Ql ve

procedur ey ISITEL! & aLIACKRAANRIAR REEHAR 115871018, ShakipgtaL T O i ty

of patients. cu pocytes are a replenishable cell
popul at i on199E,v@eil &irveth &Diffi Wed3-48 1fon &t ab32001 plogmelt mfdhell@iarcﬂmdmmptracedur es,

i s sclgoeuru2ti1g: 2Bl ot B tsoby Befs Mol TR el D B AL T, O ™

capabl e ofE@enlrlr-m]evval " Adi pose tissue-derived st ronal cells" are

obt ai ned from m nced human d| pose 30 tt $SU %% fI agenase dil %%tl on and
di fferential ?‘?SFutf]‘ﬁS[“Foﬂ TEaMPBY s BRCER afvaoeet, O 1i"seHe %%8 g

7(6): 7|29-Ch 4abp hédaumr Farkt, al is a{bﬂ&&m Jbﬁona hmis&&bes&%leéiﬁﬂﬁf\ibﬁtzﬁlﬁthwml 1966,
J Bio em, 2 30-139 s bee t hat _hunman i pose
B e B RS B A G e
chondr geytiQan 80808t 86 HoAS hatrbW8aiRlcatéd clm)pe 1813 dereREd p'30 B 3’310

pat hways [ Erickson et al, 2002, BiochemB ﬁqn\és Res (2):.763-9;

G ont hos  ioma] cellg@er erawof ﬁ‘QPOSBPSS@éIWenF‘?‘i%@ é?/“"@?é(’ﬁ?elh‘&ar@\éo‘%%lsv& rsen et

al, 2001, é\{émbﬁbgsm v§9e§l&zs1&11§ver U%n veéekayleldaﬁlglo 500 RERGLBLAPRIE Res
Cormun 281:907-91 Sal adin et al Gowh & D ff 10:43-48; Sen

et al, 200fom & kilaerams ©b|adipossr tlBiUéc héﬂhﬁ%ﬁ ﬁ91185 cgn bg 1yed jigmmedigialy r g |
1999, B Ot&9@?&&@@%}%tqre]aﬁtoﬁé&éﬂr%lloéﬂglc% plfthtiong001, Tissue Eng

7:211- 28] I pose tissue offéers man ractical advantages for tissue
engi nebring apki adipdsersrived; steomal joplly sxmmanajahmberséc%ﬁhéswn end sutfac€essi bl e

to harvest E@}HQ \/\%‘%}u\éﬂn but™h 'lfﬁ?it " o3 el {%IIBQ Py ﬁ%ce il];QhJe% @%90(?51:[ he bone

repl eni shdd t rona s fepresen 8 €ss
marr ow s nineea) @bae(hyalpopatt addepior), CDEpg (@4 éntegpind, CCIHA6- ICANAY cnat)s emal

SN R UETGH F RET TR OV TR T T
500 mllioy stnonmiactephdgs-Colony Stimulating Factor, GM- Colony Stimulating Factor,
20  Granulocyte- Colony Stimulating Factor, Leukemia Inhibitory Factor (LIF), Stem Cell
Factor, and Bone Morphogenetic. Many of these proteins have the potential to serve a
hematopoietic supportive function and all of them are shared in common by bone marrow
stromal cells.
Cells with features similar to adipose tissue-derived stromal cells can be obtained
25 from other tissue sites. These include, but are not limited to, bone, bone marrow,
cartilage, connective tissue, foreskin, ligaments, peripheral blood, placenta, skeletal
muscle, smooth muscle, tendons, and umbilical cord blood [US. 5,226,914 to Caplan and
Haynesworth; Erices et al, 2000, Br J Haematol. 109:235-42; Gimble JM 1990, The New
Biologist 2:304-312; Gimble et al, 1996, Bone 19:421-428]. While none of the stromal
30  cells derived from any or all of these tissues are identical , it is probable that they share
sufficient features in common to allow them to serve similar functions in vitro. In

particular, stromal cells obtained from these diverse tissue sites will also be able to serve
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fromO.5 kilogranms of adi pose tissue. These cells can be used inmediately
or cryopreserved for future autol ogous or allogeneic applications. 15 The
adi pose dwpiosman3gé romal cell s express a nunber of adhesi orcansoysasfiace
proteins,, including, but not limted to, the, following cell surface

mar kers: CD29- ([31 integrin), CD44 (hyaluronate receptor), ~CD49d- (a4
integrin), CD54 - |ICAML CD105 - Endoglin; CD106 - VCAM 1 CD166 - ALCAM and

the fol owng £ydep klhfh‘?sto du :ﬂfﬁ{ |Gl &ﬁbx@ronlc Tor Sultl dedBGIIOBRAEELHGR! S1AY
Stimul ati ng Factor, Stimul ating Factor, 20 G anul ocyte- Col ony

Stinul at i ngaiAtesanse | in memdeffﬂr@tlatﬁ%staiet ory Factor (LI F), Stem Cell Factor,

and Bone Nbr phoggyiapsaos MARY pﬂfve}sﬁﬁéﬁmﬁg&gﬁ e{hgfﬂt@?;(g%&lar ef%{}@rﬂb%@ﬂty &0 serve

a hemat opoi eti c suppoitive function an ared 1’n conmon
by bone neCalfornissdiscdored adimis¢ derived stem oalls thaff ceatbu g@gvnstndmxlamdetddo ativiplsse

tissue- §j erlllov g)neg‘st z}n(a condlﬁor%ed meccffflat fol?%%qgnbﬁ'tz véh exp 81{ of E)t?lg uc.ee:llSI tes.

These imnclu are no
connect i vepdpulstioms, whizhdakiencan beggeneichlidy mpénﬁleqb ttarepﬂessb:lr eaniﬁsspbmle gtr&s

skel et al scl e ot h scl e ndo cor.d b ood [ US.
o 5he. 014 Periesmm o Rin IS Hetted $015 COR vl CorBired S S tisfoostis Seme: o
109: 235- 42%eliCH iotn winbiMal 8610 blobbe OMevd twB-wtehkpeibd, Audtdtadijcde dédivelIseo@al al ,

1996, Bone ]19:421-428]. Wiile none of the stropml 3Q cells derive from any
or ai | of toleseisia thesunpel fd fehpedr e eroee SRumAde@SionSR e <Uhar o

suf fi ci@ntthéRBy uru@tsating tliéQiﬁHB_/rbfts@c}ﬁd ﬂy@mmtlﬂﬁmm@mﬁggwﬁ c8ll plolv@. functions in
vitro. In particular, obt ai ned fromthese djverse tissue

sites will al sdJSePagntd %23’585F%¥3rf%1i‘e\¢&§°b’39562@§9?6 diseeted Jgopilizing ptromals 4

feeder | aygiisiPprotiap %ﬂdn%h&hﬁéd@f&fuié?ﬁﬂ the SfovAl Md mSheane &bt stk 8d1isf @r at i on
and nmaintenance in an undifferenti state. WO 00/53795 to the

Uni ver si t yis gfugh thatsomalicebyand siem @iy be eembiped ingicosuléyrey of California

di scl oses adi pogg Qﬁ;&dsé/%@su%ta%m&@!r&ﬁalt&ﬁ& uggm Pemgrmpaand itveRanded to
provide 5 hornones and conditioned nmedia for supporting the growh and

expansion ieslaisd hie vedsty ohopthedstiingivs to thasecskiliedrin theart segh a5 dleggeiest incHOl y
modi fied t@gy, d5§*/l§5 &5 ?he nivREPSOPiHSS; u}‘%ﬂ age'h?% refbredOEh S AL & 1idHATRN
ure H) ?‘lemat opoet

| i po-derived stemcells were co-cu ic'stem cells from
unbi | i cal ‘isglad ftoppd ma@yealiam sehjestvereferabbr & buknamslfmaqt adi mgfseedelmqpefaf st romal

Cel L o, N ey Sy PRk o O Ry DBl gy
system i n lipismdt@nnilie s¢lsmf thel inveptionbts. to be transplanted 1nto a human subject, it is
20  preferable that the adipose tissue be isolated from that same subject so as to provide for an
autologous transplant. Alternatively, the transplanted tissue may be allogenic.
As a non-limiting example, in one method of isolating adipose tissue derived
stromal cells, the adipose tissue is treated with collagenase at concentrations between 0.01
to 0.5%, preferably 0.04 to 0.2%, most preferably 0.1%, trypsin at concentrations between
25  0.01 to 0.5%, preferably 0.04 to 0.04%, most preferably 0.2%, at temperatures between
25° to 50°C, preferably between 33° to 40°C, most preferably at 37°C, for periods of
between 10 minutes to 3 hours, preferably between 30 minutes to 1 hour, most preferably
45 minutes. The cells are passed through a nylon or cheesecloth mesh filter of between 20
microns to 800 microns, more preferably between 40 to 400 microns, most preferably 70
30 microns. The cells are then subjected to differential centrifugation directly in media or
over a Ficoll or Percoll or other particulate gradient. Cells are centrifuged at speeds of
between 100 to 3000X g, more preferably 200 to 1500X g, most preferably at 500X g for

periods of between 1 minute to 1 hour, more preferably 2 to 15 minutes, most preferably 5
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U S. Patent 5,922,597 to Verfaillie discloses nethods directed to utilizing
stromal cells to provide conditioned nedia to support the growth and

mai nt enarwe f4Bstem cel ls. It is taught that stromal cel lpeTarsd2/3d3¢m cell s
may be conbined in a co-culture. The adi pose tissue derive stromal cells
useful in the nethods of invention are 15 isolated by a variety of nethods
known to those skilled in the art such as described in WO 00/53795 to the

Uni ver si t ymifuteB) att tsperaiires tof detwebm 42 t 560 @f@&aﬁ’[ﬁﬂo&%m agi @owc,tA in%&u]ce i's g
uman subj ect preferre

i sol at ed fro ian subject, preferably a .

source of P fa%l?'saé%sue IS orrent al adi pose. In humans, the adipose is
typically Isol h 6@t Ryfothdri Iﬂaﬁw:bf @galauhg auiwsé:&érﬂvéd QhorhdlCcelIOWERbinAmCAT © 1O be
transplanted into a human s O preferable that the adi pose

ti ssue be 91@%1“6??%”@%%"?415’&% 317@6 %9170 Oé@ttz gl iisedy pYFlamyis enmloyadm f01‘

aut ol 09150U571nfrd§<ﬁl!@ﬁ1@|aﬁrl&hpoééI tis@ulé@ﬁip}éq}l% antéﬁﬁnﬁd'téfél%p cé‘gh@?ctﬁlggiﬁsﬂd

al | ogenic. As a non-| |mt|ng exanpl e, in one net ating a |pose
ti ssue derBhpesjandsy dissqeiatingphase wivecinmdheytissue t9 agiiated jand roteted édch/\,thahthe

col | agenasgqifingiRNG Eﬁs@dn' 0851 [ ! 4 10
0.2% nost ?:)r efg%e % lq tregtggﬁﬁggfgg%% ee%etg?)gliegeﬁ\aggbg{'%g% g01 to
0.5% pr efaémm 9eroze@4elts(31r@1soja1xa@ Thomsa tigsne $aanmids ngpsavmg/(iheaiellulampe:galwaes
bet ween § llrécg&nspreferably between 33 to 40C, nost preferably at 37C,
for periods etween 10 mnutes to 3 hours, preferably between 30
mnuted to 1 hdgdiposcmstveprceﬂeraadalcylturdcs by metheds. diFtlesedeinl b.Sarkatgnad6e d

through a o) secl| hfl I 20  mcrons_to 800

i crons, rr%ﬁég 4323%%%23%0 Oéat nre Yod e 4%6“1%{ F%H%ues F‘Fb’sqf’laﬁrsérf)@rag I 70 30
m crons. Timen @ﬁdet sisauee md1miing oj eatt laditdédotoditiobral edllsi detiveieftbm i Bodgabdnen
directly in nedia Fi.col | Percol |l or ot rtlclate

gr adi ent . &% %?Fgla% nctoPIfeF{i]l o SSiE g‘ﬁ‘ésgﬂ’s ligpmefs, pLip eri"og v BBee g, nore
pr ef er abl )smfb@ﬂl thascleb SNt musols tendo®y, @mdlticy! catd, 5iI0ARer GitdsOwill REppREH tof
betvveelg nfg&e 10,1 hour, nore preferably 2 to 15 m nutes, nost

pr ef er'dbl Y8 Skl et 040346 PCT/ US02/ 36317 minutes, at tenperatures of
bet ween 4.-t.0 50C, preferably between 20 to 40C, nost preferably at 25C 1In
yet anoth h i solati ng adi pose derived stronmal cells a mechani cal
system su? - atradiation; of Adinose-Defiged,SgomatColls Katz et al is used. A systemis
enpl oyed -for 5 introducing an ad| pose ti ssue sanple into an automated

device, subjecting it to a washing phase and a dissociating phase wherein
the tissue is agf Bdipa tssee-dewtvad éﬂo@ﬁc‘ﬁ’“ﬁ gy heniradipiedu| Thengslls enust deispensi on

I's coldoectistiaed at @ RO Mt littBirs FrRMNerdtBALBIASRits 1R SHARSI® MBhportdhe

factors that support the embryonic stem cells. The details of such protocols are well know
to those skilled in the art.

25 1IV. Media Enhancement

It is further recognized that additional components may be added to the culture
medium.  Such components include antibiotics, albumin, amino acids, and other
components known to the art for the culture of cells.

30 Other additions to the media may include IL-1 through IL-13, IL~15 through IL-17,
IL-19 through IL-22, granulocyte macrophage colony stimulating factor (GM-CSF),
granulocyte colony stimulating factor (G-CSF), macrophage colony stimulating factor (M-

CSF), erythropoietin (Epo), thrombopoietin (Tpo), Flt3-ligand, BAFF (novel ligand of
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adi pose-derived cells are isolated froma tissue sanple, preserving the
cellular integrity of the desired cells. 10 Adi pose-derived cells are

cul tured w9 mawidsaels di sclosed in U S. Patent No. 6, 153, 422T(User/ai3m7

i ncorporated by reference). Simlar techniques to isolate stromal cells
fromother tissues, including, but not limted to stromal cells derived
from bone, bone narrow, cartilage, connective tissue, foreskin, |iganents,

peri pher al TNFdadily ford esit &tlvatmmttbr)ﬂuﬁe@iiﬁf (a ﬁdﬁﬁitl%bﬂlh iRt Chefonging 6 @RS ,

unbi | i cal her sites, .wll 50nesk|IIed|nthe
oo TR BNl Dost marhaeis ot Beroe pomabaopd FRer AECE
tissue- der datBdd séreraphicFRdtbS 1ym}motaenﬂ 2@ Rdo8 Shilakdaghatoly bl%td'ﬂﬁﬁl{)f?@andzo

irradiated at a dose that inhibits rollferatlon but pernmts the synthesis

of i nport aht®) F‘é(%stt%‘lns(alﬁ%"é‘io“élﬁé&fﬁt"ﬂt Riffeesntiptin Firetos s RFWRININgNErvEHBOWSt aj | s of
such prot Ofa@io& Pl eletivdanS vt Pdc%oli@%,@acé&aﬂ &Fm! factkh(%ﬂa&} hit stethr ce'MEd' a

Enhancenent is further Fecogni zed that additional ‘conponehts may be
added to tf@étobthfﬂu regll gipsthufaetosy dranfoming armeh ifrioradermen trieprosis ifagors.al buni n,

am no acid &8 of
cells. 30 glhsﬁglrapE ém% |h%lns tol%?m? Fict ?H?raﬁ;?polb?\ac %rg&ﬁﬁ %&&rs 1ﬂ<§%ﬁ%gf(ﬁfﬁ I L
15 t hr oughthraugh FGF-10, FGEd 6tthn09glgEGFL202EGF@¢1é1n,LiF @-pasic, Adlc noptheregrawtho ny
stinmulatin C tor

(G G5y, B L AN Mbmok LA MR o o o et SLLIPIRD |
(Epo), 19 hr whish poé qudnal‘(efﬁatr)y thIetﬂ&nbft gmindbratBAF% (maowa, dndg‘@nﬁlcmfate e WO

03/ 040346 F fa BceIJ ctlvtln fact artemn
(a neurot rgg%’léeg Sq('?f%r?n% f’L%nef)g)-r[?erlmncge ?o&fr %ﬁﬁolﬁf%{%lqrw Are? ‘F‘gsn%f’ﬂeni c
protein f av,ary) rdgpenéing dmrthalsp@reswtr hstrhimcdfohe CEISFInd gipk @k putlsr oft@e favears.ot r ophi ¢
factor, cr e fla ot g1 ns al. pha and beta),
myost at i n qegag@khg&g g@ éﬁ\ﬁ% ‘fﬂ? oF &iing tg? g‘f‘lg‘f—% 't5tf°“8‘% d%@ﬁtPt 3?| ®n, nerve
growh 5 fmoteoraaowpme ehe hmogt i/ BdwesnoMt tb 20 ag/hd s, FGREGRAMTIIR] REsREER factor,
pl ei ot factor, stem cel owt h factorsh);éransformn

| |
growt h ffo ‘Iftg‘{y% gptu APEfs 2rg knavgy the Op%glc‘iﬁ{‘%ﬁn treipticath ptoreanbeg owt h

Fact or s, afwmﬁdlgardetbinﬂﬁéd gywﬁéukﬂ@atlﬁrtﬁe laftC| Stih NG tdridrmadon i paeshed & - 10,
FGF- 16 thr ci dic, FG-basic, LILF and ot her growt h

factors, g}'{fagwg i{Bs faams Hﬁ%ﬁl@ﬂﬁ@éﬂm@ﬁl bipaidoryantil qphiBwh Zrovth i obiainedt cel |

cul ture angdditionally, other factors can also be tested to determine their ability to enhance the
effect of FGFb and LIF on ES cell proliferation. As described below, such other factors,
20  or combinations of factors when used to enhance ES cell proliferation are included within
the above compositions. Also, compounds and fragments of FGFb and LIF which mimic
the function of these factors are used to enhance the growth and proliferation of the cells
to become ES cells and are included within the scope of the invention.
Alternatively, FGFb and LIF are used to maintain ES cells. The amounts of FGFb
25  and LIF necessary to maintain ES cells are much less than that required to enhance growth
or proliferation to become ES cells. However, the cells may be maintained on a feeder
layer without the addition of growth factors. Optimally, LIF is added to enhance
maintenance.
In general, FGFb or LIF from a species different from the source of the ES, -
30  primordial germ cell, germ cell or embryonic ectoderm cell are utilized. However, all the
factors utilized and especially the SF utilized are preferably from the same species as the
utilized cell type. However, FGFb or LIF from various species are routinely screened and

selected for efficacy with a cell from a different species. Recombinant fragments of FGFb
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10 which are used alternately to enhance proliferation, to maintain, and to
facilitate the directed differentiation of stemcells. Gowh and

prol i fer awoma/oesh@nci ng anounts can vary dependi hg on t h@CIaso/ss1Dr
strain of the cells, and type or purity of the factors. GCenerally, 0.5 to
500 ng/m of each factor within the culture solution is adequate. In a

nore narrow range, the anount is between 10 to 20 ng/m for FGFb and LIF.
Regar dl ess od bIFodan\uietbeatrebitd fBEEfMiddcyRBNENtaS offaBickddRBunds eriRAt iR for
concentration (i)f each factor can be routinely. determ ned by one skilled
in. the ar EXa%f phegueal [iBiaRst i on is performed by titrating the factors

i ndi vidual l'y anphel fhvemidy RA&b! igl i 1S pined.
Additionally, other factors cgﬂralvglgig ggm%g?egﬁ{(%%gtﬂel?rl neﬂ%lhglgrceélbi lity

t 0 enhance “RHRISINGs Jdgynisigring-ayzpovath enhancing rpneentcef] FGIh, dILF§ endéwri erbryonis

descri bed 0 s L I,01S,: . r sywhen
used t oge n Eﬁ%\%ﬁh ECEH% g?ci% B:r% gl é?‘gﬁha%%%gﬁl%gsf gﬁﬁrﬁo?r@glggé Wi @Eﬁlﬁg‘ten{nﬁgﬁgbc (%)l\}’e

conposi t i oABus, mimerdiak germogHeiandambryanigpetodern els EERDbltamd ad 4 fomptosicibn i i ¢

t he functi . e,th rLowt h an

proliferat ?%ﬁp%?&gﬁgﬁg%l %%?%&%g%cgieﬁgﬁég%tﬂ%ﬂ%n‘ég %‘Sﬁ%@?br%f’ﬁ%?écc? 'ﬂ{ehi n the
scope of t hemposiiemirichdes Afeedar heyer ofeldiposcRiskie-denided dtfemmat eellssed to mai ntai n ES
cells. The anobunts of FGFb 25 and LIF necessary to maintain ES cells are
much |l ess than that required to enhance gromh or proliferation to becone
ES cel 8. Mowruetic Mbtificatidrl of tha Tisose-DativideStivmthl @ellg f eeder | ayer wi t hout
the addition of gromh factors. Optimally, LIF is added to enhance

mai nt enance. In general, FG-b or LIF froma species different fromthe
source of the EfhotheB@spett oftlicipradentiay¢htion tdlatesge th® 6&bduc@én @HIBergﬂrEeﬁeseCt oderm
cell are utiI'zgd. Howeger, aIII the factors utilized and especially the SF
utilized al& tlﬁ? FRe-AgIed srgalichls W ihattetissuedeived gromalcelis oy thegew” t ype.
However, Fgbtiomatelift aht @B viggréseWife G0R& &fic BFodudtOWxhMBleY of 648N RtkeANd

sel ect ﬁ? fg{r efficacy with a cell froma different speciesS. Reconbi nant
fragmeht s B UEesyrtion sntowpsligasedissisAstipreisinomabgetis melpdeshose|which-axpeessanybe

screened f @ne@fddh@aeHicBRaved] dolfif RS FeRihand HIRRPIRN of e piRFubs Q8 IR .
exanple, chemcal libraries. The invention also provides a nethod of naking
a pl uri pot BRper bedieclseder laygfnpr i si ng adni ni stering a growth enhancing
amount of - FGFb, Thud, fhe @436¢-0¢rivRT Bt c8lls a?e_ﬁ&iigésiﬂggill g&lelliﬁgfé&ﬁglroﬁlﬁu stdrowt h

conditions, thereby making a pluripotential ES , prinordial germ
cells and edi & traptfomeadrar danstected) o There madifitdapslincancheroka ¢d-owtuied

20  with embryonic or adult stem cells to allow for their proliferation.

The tissue-derived stromal cells may be genetically modified by incorporation of

genetic material into the cells, for example using recombinant expression vectors.
As used herein "recombinant expression vector" refers to a transcriptional unit
comprising an assembly of (1) a genetic element or elements having a regulatory role in
25  gene expression, for example, promoters or enhancers, (2) a structural or coding sequence
which is transcribed into mRNA and translated into protein, and (3) appropriate
transcription initiation and termination sequences. Structural units intended for use in
eukaryotic expression systems preferably include a leader sequence enabling extracellular
secretion of translated protein by a host cell. Alternatively, where recombinant protein is
30  expressed without a leader or transport sequence, it may include an N-terminal methionine
residue. This residue may or may not be subsequently cleaved from the expressed

recombinant protein to provide a final product.
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the presence of these factors to produce pluripotent ES cells. As noted
above, typically the conposition includes a feeder |ayer of adipose

ti ssue- dewowas4see omal cells. 10 V. Genetic Modificati on @®CTiuse2/36317

Ti ssue-Derived Stromal Cells Another aspect of the present invention
relates to the introduction of foreign genes into the tissue-derived
stromal cells such that the tissue-derived stromal cells carry the new

genetic mat eri alhean@s@alRriCédrs@dmal el emis ﬂﬁygﬁm RitOEAed - o EXQAiRSe Of
genetic material,k 15 fqQr, transduction into adi pose tissue-derived stronal

cel I s i ncl Hawerptiopaleinfiintorcheqpesemal DA orgary thy rsaerabiganitiapserintional unit ol e i n
the growth arasm eht b5 adsidRht e | 5 d by

t he feeder aT a%( P Thus, t ﬁe ti ggﬁrglhdedg@ég%aggﬁlﬁaﬁk% %ﬁ!h 01§Mggﬁegd W th
genetic mafeNAar RYA)icasadings polyneptdesarudws fos example s€elisrmeay hﬂengmém@ffe’ct ed) .
These ngdi Bfo@&u?e’%‘h&n%wﬁ%‘ tﬁehﬁ{‘b %sf8¥ le'étIoWrﬁdp e WhdedlnBE VL %dﬁ”lé Adult
stemcells to allow for their eration. e tissue-derive romal

cel | s may belyepptids i call y nodi fied by incorporation of genetic materi al
into the cells, n X [ ectors. As used
herein "reconbi %Jattl(r% lrg%g;ﬂédsngl ‘gﬁkl?/g}é{ ?&Powl‘ﬂ Eﬂgm% 960??r§ ‘%%ccr}r{)l %tﬁelgﬁlaﬁreuni t
conpri si ngd%m’edimbudb,l lut @fe r(Ol)lnategm;MolmegIl\étlrmemeokermhéhms,t plebmuécngsisa

regul atory RRr&ss! 9 exanpl e ronoters. or
enhancers, V{('%) ?etIJOO]{uS%? ura o?‘gcoécoﬁlgn@é‘ifu%ﬁ%"@”%f"é’ﬂ’a&lrﬂ% ﬁﬂgrb}ef‘%‘)éﬁ; into
MRNA ahdl tmussl giblmoh iapto lqpkerhiai virugndwhad) apmimodsficdrey trrrwssdehwlﬂu@,n
|n|t|at|onM'inprE£mnat on s uenc Structural, uni s i nt led for use in
eukar yoti c eéxpre efaéwes%?gcf’g’r‘?‘s Urseifl mERRaRy MR Xires. | a‘H’@r Ale&h€enabl i ng
ext racel | uteatvira plasmeid vettonis MGENSleateddioal @hhdenbiyehihash ceipl | -

Al ternatively, ,]\é\%ere reco inant protein is 30 expressed w thout a |eader

or transport se JHelsic pgl r?ﬁﬂ”eflfﬁz F‘Eﬁ?@m&ﬁh?\lp?]é@?ﬂtlﬁ%llls HBges; the: icppdrol P§§| due.

This resi du&tabﬁa}pr@ﬁotﬁﬁy SUREbIO PrEhdEe Gt vy qJee@Mﬁ%r fael'uabeou%i%r gssed
provide a final product 03/ 0403

reconb i
PCT/ US E‘@E ﬂg{“{‘? PEYROMEfe gy Iral; Prﬁ‘ raferse Shehs ag #t?saCi?H?Vl}’?é\i@Janlﬁ@gr ated a
r econbi nanproinbﬁﬂstﬁé icplohRBAbyiHRI (CMW). frofmbleRMS Qég?irat%ﬁl’:yt%%ﬁb{s E}{&‘VS) n

m

reconblnant transcrlptlonal uni t as a conponen a resi dent

Cel |'s may BEmeigitheBPedSanian rropeteprudicin pramoterspiyshas ﬂm\M;\/ﬂépr@maieng a
pol ypept i dee SietalioMfonelOprofefiPhét stk |p§on'17&é’rs bﬁ’le %ﬂﬂl‘nﬂf? fcﬁgotgy Mogﬁedur €s

known in the art by use of a retroviral partlc cont |n| ng encodi ng a
pol ypept i deromoter; huiman globin promoters; viral thymidine kinase promoters, such as‘the Herpes

20  Simplex thymidine kinase promoter; retroviral LTRs; ITRs; the .beta.-actin promoter; and
human growth hormone promoters. The promoter also may be the native promoter that
controls the gene encoding the polypeptide. These vectors also make it possible to
regulate the production of the polypeptide by the engineered progenitor cells. The
selection of a suitable promoter will be apparent to those skilled in the art.

25 Vehicles other than retroviruses may be used to genetically engineer or modify the
tissue-derived stromal cells. Genetic information of interest is introduced by means of any
virus that can express the new genetic material in such cells. For example, SV40, herpes
virus, adenovirus, adeno-associated virus and human papillomavirus are used for this
purpose. Other methods can also be used for introducing cloned eukaryotic DNAs into

30  cultured mammalian cells, for example, the genetic material to be transferred to stem cells

may be in the form of viral nucleic acids.
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Retroviruses fromwhich the retroviral plasm d vectors described herein are
derived include, but are not limted to, Ml oney Miri ne Leukem a Virus,

spl een newpOSi0$034¢/i rus, retroviruses such as Rous Sarcoma PUTruss?/3ddar vey
Sarcoma Virus, avian |eukosis 10 virus, gibbon ape |eukem a virus, human

i mrunodefi ci ency virus, adenovirus, Myeloproliferative Sarcoma Virus, and
mammary tumor virus. In one enbodiment, the retroviral plasmd vector is

MA N, derived fIosadion fR SIHRIMON vectsit SilyCnkah o;ﬁbsr Héfd Sli&tBRl HakgOuence
encodi ng the pol ypep tide is under the control of sui tabl e pronoter.

Sui t abl e pg%lﬁwemgwdmehewwwd@néﬂwe&yw ‘Pfﬁ@mfé@ledtmﬂs gick andhydrafslatg ni t ed
to, TRAP praidtislor nesieyidVictighndgr Onot ers, such as the adenoviral, major |ate
pronoter; the cytonmegal ovirus ( . pronoter; the respiratory

syncyti aLvirus '%/}Rs‘lﬁﬁue-ilﬂfwﬁd)ﬁtécﬁnal £¢l my@ teasfecsedithprughother meanmliuwmine

pronot ks, gsugh gﬁ%ht Hﬁ?rgw;cluﬁ)e{ Oo'ﬁpgz%rnot lﬁ'lﬂ%dgtt%}’lgtg&gh%fdé%}ecp E}E %Eﬁﬁ‘nl Oheat

shock pronoters; m n pronoter; bi n
pronoters; phoisphate tdﬁyiﬁEd&Eﬁéemmagenq&wmotmcd;ate@ ulsh thes pohyeatider rﬁ’ebfb&ﬁe Si npl ex

t hym di ne vi ITRs t he ta. - i, N

pronot er ; éjgﬁ&%uﬁn{ﬁ%qgteomﬁr ?{{ ﬁéﬂog n‘«ge()%nrﬂohn Iéefrs hropgh, eﬁcaBﬂgﬁgﬁl OﬁlgAn%ry be the
native pr oRﬂAethhlhdiposmmsl follbwed hﬁﬁg&ﬂ@f elrclibisorgest With fiel oglh eqeinbetme ofhese
vectors alﬁﬂ ul ate i on. of the

ROS S ct
pol ypept i dB6 ﬁed Wétr?asﬁggftécdca%?l%é?fﬁf‘{?rmt& 4“9’5‘1 lmﬂfgﬂ Wel¥RRi on of a
sui t ablie pr ormtE're pcsent heveathpafigther akdshio possité ltd @ehnetivaltynengaietr. tiskhe-Vehi cl es
other than retrovir Jray .be used to ene ically, engineer or nodify the
ti ssue- derfle\?'é(a‘s #ﬁeﬁsclglsg‘gla‘@%m’ﬁﬂhﬁ tth 1 18 Y1y O IR VP ROIYPEREdeRt 1 oduced
by means ofiormbies antd prGeihéadt r@ﬁﬂal@WcﬁS@i f&]hﬂ‘e heive GeeldbGvadairehaldkld 4 such

cells. For, e Sv40, her vi rus, . adenovi rus, adeno-associ ated virus
and human lﬂ)‘ﬁ%%%hﬁ‘ﬁ? ‘ﬁ%“ta?m?“ é’H W@chdhinssmaﬁu%%%lg ‘Brese prodesihn@uldcan al so

be used f ofhen B¢ seRebisel ifd the ARRUNEHKALKbF FurtlNAFdnie 3B, Cithk ke defiFamal i an
cells, for exanple, the genetic material to be transferred to stemcells

may belin tmat Gelly 6<fnnﬂirla| this, WER{CaN AEVEIAS QoPtipyyuy Ihod ggus opdameUsDR/ 36317

I n addi-ti ofodiciBn 8¥AERS 8F B8 XFeistd SubdBMcL OThRE %eﬁ:@%aﬁ PrOYs Efop %J(éﬁ‘xgg%l@bl e
mar ker genes to provide a phenotypic trait for “sel ectl on ozf t ranst or ned

cel | s suchhog@orgsh geeh obepis, mesEupRins, 6fll mesovbyane rpreteins.seydekines, Fidéor

ti ssue-deriduegorshbRepLs. cel | s may be transfected through other nmeans known
in 5 the art. Such neans include, but are not limted to transfection
medi at ed by cal ci um

20 The present invention now will be described more fully by the following examples.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the

scope of the invention to those skilled in the art.

25
EXAMPLES
Example 1
In Vitro Support of Embryonic Stem Cells by Irradiated
30 Human Adipose-Derived Stromal Cells

Irradiation of the adipose tissue-derived stromal cells allows them to be used to

support the proliferation of human embryonic stem cells in vitro. Studies are performed in
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phosphate or DEAE-dextran; transfection nediated by the polycation

Pol ybrene; protoplast fusion; electroporation; |iposones, either through
encapsul awoms/0af34ONA or  RNA wi thin |iposones, followed bychusowsssef the

l'i posomes with the cell nenbrane or, DNA coated with a synthetic cationic
lipid are introduced into cells by fusion. 10 The present invention further
makes it possible to genetically engineer tissue- derived stromal cells in

such a manggRr absBfe &M Bﬁésé?x'&@@f‘é%o%ei;&bsvbté)% gﬁc_t&g,t ﬁigﬂlggqlgf]@%yx{%? Riifk&Se

hor nrones and_ proteins not nor nal roduced In I ssue-detived
stromal celqukemia inlibiggry frcton, Iyl thioyeh -5 Ak- 14 Wrangtsilel7, fi-09 theagthilh-22)mal |

. T I h . S€ et NtOmt he, surroundi ng medi a

o pur 11 o Faoie HESpIHEY Slond AR BB LUy At R Rl red
this way céfmelatinge ﬁlstOCOnﬁG'rGﬁFausmsdn@iﬁgd erotony  ktimgjatirgr nfactpr o@geccsm,g rrbl .

f . ne express, :
o monel. | Y eaciast BHREbRRGH: (OTeReRReE, AR Pt pbnRE
cyt oki nes, fq<‘:7étftib’/foer cald heBiatimg fmblle)mnieeﬁn (aZﬁuiBIﬂeplﬁé %%mbelbﬁg‘@{o!t%n(}m wll be

[ . he foll ow . IS inventjon may,

et AL o O SRR S b OB S e e
as |ini t edndupottdphicefattor ilymyptosacsig tmdcprphligd i hthatb3t }6tkins (ASRcAREG ment s

i ded hat . this disclosure wll be thorough and conplete, and
3m‘r |e| 1'9 L?Y'ymig%%@y@%ekn%%a% ‘%?W@hﬁlffﬁ%lﬁ?% Aagiey-Pn sewtusiey perag growthhe art .

25 EXAMPLEfctobsy phpdler deribed WiokwiD faBtoR) Qldceril Bt pRIGFMRiInCSlemScRY
Irradiated. 30 Human Adi pose-Derived Stromal Cells Irradiation of the
adi pose ti @gﬁé-%“é’i’ici?gdgrg‘g&‘o%ﬁ‘iorsc@PP%DOI'&F‘%\%OWhéCﬂqt@Té wEnog geefosip fackrpport t he

prol i f er at Vaseulaf ERAIRMNaPOKT BRRIE PSR 48 Hbfoblddt g/rbévﬁpfacéfslﬁ%hﬁﬁ?gaﬁ@ﬂer for med
in 18 WO 03/040346 PCT/ US02/ 36317 the absence or presence of° exogenous

growt h f actEeh FOEe1 0y §GEy yhroughoF G204 R @itaqidic and baskccfilireblash miotitlt Gictpr.f act or |
I L- 1 t hr ougiBasutes bBthelchibidnichiieai@h ﬁh&ctiér?arel(%ggiagrf&meﬁugh I'L-22, —granul ocyte

macr ophage col gny stinulating factor (GWC granul ocyte col ony
sti rrulo ?ng f adtiF tq Wycsmrimenh edippisdigeuccdstiver stomiatredllapiepiptédoat halensityt CSF), 5

eryt hr opoi gtdeRveei 09 to 1bhée@1§‘9%m2% étfbn(a]_ﬂfg)ﬁunf [%faﬁlbLsielggtna%i’ZOEﬁ‘li!I:etgb%%\s/n%l | gand
of TNF :50:407-413]. The cells are maintained in culture until confluent, at whichitime they are
mitotically inactivated with 3500 to 5000 rads (1 rad = 0.01 Gray) gamma- irradiation.
Embryonic stem cells are isolated from the inner cell mass from blastocyst stage embryos
20 by immunosurgery according to established methods [Reubinoff et al. 2000, Nature
Biotechnology 18:399-404; Thomson et al. 1998, Science 282:1145-1147; Odorico et al,
2001, Stem Cells 19:193-204]. The zona pellucida is digested with pronase and the inner
cell mass is isolated by immunosurgery with an appropriate anti-species specific serum
antibody followed by exposure to guinea pig complement. The resulting ICM cells are
25  plated onto the irradiated layer of adipose tissue-derived stromal cells.
Cultures are maintained in the presence of Dulbecco’s Modified Eagle’s Medium
(no pyruvate, high glucose formulation), Knock Out Dulbecco’s Modified Eagle’s
Medium or equivalent medium supplemented with 15-20% fetal bovine serum or 15-20%
Knock Out SR (Gibco/BRL, Gaithersburg MD), a serum replacement optimized for
30  embryonic stem cell growth [Price et al 1998, W098/30679], 0.1 mM nonessential amino
acids, 0.1 mM 2-mercaptoethanol, 2 mM glutamine, antibiotics, and the addition of up to
2,000 units/ml of human recombinant leukemia inhibitory factor (LIF), up to 4 ng/ml of

human recombinant basic fibroblast growth factor, and up to 10 uM forskolin [Amit et al.
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famly for B cell activating factor), artemn (a neurotrophic factor
belonging to the GODNF famly), bone norphogenic protein factors, epidernal
grow h f awD®s/0§B@F), glial derived neurotrophic factor, [Pgmaiser/asutn,

macr ophage i nflamamatory proteins (al pha and beta), nyostatin (also known
as Gowh Differentiation Factor-8), neurturin, nerve growmh 10 factors,

pl atel et derived growh factors, placental growh factor, pleiotrophin,

stem cel | 2056‘01&91r Biol D8 ELbTs; %Qyﬁlbfffeaslt QO@O Nd&@@%‘l&édﬁhmg}gwg@dmcﬁzact ors,
tunor necrosis factors, Vascul ar Endothelia Factors, and

fi brobl astShgmblnttrﬁtfahciﬁ%sPlioﬁ(Naﬂd%%é SecHSA 9% WQ@%”I*@WOHP@ 189%hr ough
FG-- 20, F sic fibroblast gromh factor. Measures of the
enbryoni cgs:ceg%%%zlc 1"&?‘11?@' on are also perforned. 15 Prior to any
experiment, adiAftes& toil§ seys, tdividualcodaniesrree dissociateddite clumps by exposiredensi ty

of betuee C3§03 af "REEGlh 5 Snostifsd Bubhl® Wnel i ITRM YN S bk

200. 1, "Met IR s are mal nt al in culture unt|I
conf | uent ,diedientbativin chélatr, iseypoaure to dispase { Wahg/ml), palt ihechamical Wisseeid®O0 t o

5000 rads ) dLla . nbryonic stemcells are
i sol at ed f‘&ﬁ?ﬁ?ﬁéoﬁlﬁtﬁegﬁh%’f(% E%a-g%?’r T ?ﬁ% %12%35 148 age enbryos 20 by
i mrunosur gery ateqegitig detls es t:eibbluﬁxbedrermqmmdsllj Plateth ionwof firadiated |hun@2000,

Nat ure Bi ot echnol o 18: 399-404:. T om;o et . 1998
282: 1145- Pfippse ’éﬁB?%‘bve gtroppal celbyyigqfre “?@re@@ ‘%ﬂ]a“&?%séagfgna

pel | ucigda drﬁthelo@@&tc&obvathdwsma&ﬁsmda ubeonngneﬁe of: gjpoxiraaislyi ¥ haos.at ed by
i nmunosurgery with an appropriate ant eci es s cific serum ti body
fol | owed b3PD %%W@ag%oéﬁ? Hangs b3 gpry i Pfé?ﬁeatl € ?eé]s‘ﬁ‘f’r’ﬂ?tﬁ’é‘ erﬁea‘éf& s are

25 plated c[a&mlohhﬁnérb@@@&eaﬁa&dpmﬁms 28l BdppeRettel Baltrpdalls Wwadinathedal
cells. ures are nmaintained in the presence of Dul becco's Mdified

Eagl e's I\/EMEE?m (no pyruvate, high glucose fornulation), Knock CQut

Dul becco’ s Moditiy6faifRfnge 8f tﬂybe%wgenw stBAUdenak %%ss%@%@xﬂ})ﬁﬂiﬁ%rﬁﬂﬁﬂieed Wi th
15-20% fetal bovine serumor 15-20% Knock Qut SR (G BRL Galthersburg

MD), alSsermwtative seBe éniethe skslefahimusele fOéiranggméWﬁﬁk;ﬁ@WP‘bmgBSém Ehq $ubssayGRth [ Price
et al 1998 %@)9% Q’Q%Z ]:arumﬂa RRINESEE 'ﬁ?és@ﬂceafmtﬂ%es @Gﬂl@% frn JaliNidree

Zmrcapto%t mM gl ut am ne, anti biotics, the addition of up to
2,000 uni tsstimnabliydrs meevides fovtionabienidenes fethe arollfwﬁtu@n pbt pluripetemstemqett) up to

4 ng/m of t o1 broblast growh factor, and up to 10
Mforskolll??,'FéAjg&POSre%a e’%@ v\%ﬂ%lé%ms% PCT/ US02/ 36317 2000, Dev Bi ol

227:271-278; Reubinoff et al. 2000, Nature Biotechnol ogy 18: 399-404;
Sharrbg:g%t et al., 1998, Proc Natl Aﬁ@ﬂn;ﬁgb USA 95:13726-13731; Thonson et

In Vitro Support of Human Embryonic Stem Cell Lines by Irradiated
Human Adipose-Derived Stromal Cells:

Prior to any experiment, human adipose tissue-derived stromal cells are plated at a

25  density of between 10° to 10° cells per cm? in stromal medium [Halvorsen et al, 2001,
Tissue Eng. 7(6):729-41] as in Example 1. The cells are maintained in culture until
confluent, at which time they are mitotically inactivated with 3500 to 5000 rads (1 rad =

0.01 Gray) gamma irradiation. Existing human embryonic stem cell lines are dissociated

from a murine embryonic fibroblast feeder layer by exposure to calcium and magnesium

30 free phosphate buffered saline with 1 mM EDTA or other divalent cation chelator, by
exposure to dispase (10 mg/ml), or by mechanical dissociation with a micropipette
[Thomson et al. 1998, Science 282:1145-1147]. The resulting individual cells and cell

clumps are platéd onto the established irradiated human adipose tissue-derived stromal cell
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Sci ence 282:1145-1147]. After 9 to 15 days, individual colonies are

di ssociated into clunps by exposure to 5 calcium and magnesi um free
phosphat ewbuBfo#r3e&«l saline with 1 nM EDTA or other dival erCTA®02/86317

chel ator, by exposure to dispase (10 ng/m ), or by mechanical dissociation
with a mcropiptte [ Thonmson et al. 1998, Science 282:1145-1147]. The
resulting cells or cell clunps are sequentially plated onto irradiated

human — adi RS 14yes S (RIS hiafaiftafedth tieehresentd) of Dﬁ&@coﬂ%deﬂilﬁe&]Bagﬂe& are

expanded and passaged 10 on the order of every days E’Sd di f\fl ﬁﬁi a
doubl i ng tYAduBf (I&)pﬁyr@)(‘it‘?ralﬁlélll ﬁlwsﬁéﬂwla@ﬂbs@éﬁ% nPutpy soMadfedc| ones

I's carri e%égwm%dfuﬂp&aéqhﬂgleﬁtt}ﬁe&ﬁh lsusHishenRldi with P-00% @éiﬁl%ovfrﬁ's%ﬁlt éron,

m cropi pett ul ation ating the resulting cells on irradi ated
MEFs. The ¥m2®6 éﬁqv@nle@ubSRﬂﬁ@cmiyéiﬂither&uegmt # swmaexﬁ%%@ qpjimized
| mpl ant t 'fBP efibryolif stelx?si_(ﬂfj iy hV okl 3, W@Q/ii}d@%]sb@rﬁM%om@&%@lﬁiaﬁaﬁfnoan

i munodeficl ent “nouse quent ~growth of a teratocarci noma
di spl ayi ngacidseO@ﬂ@de}amercqﬂoqtha&gluésnM@lmtmmei angibiotits, andhihe edditien of ypalo | ayers,

DY b (406 A of i AF RSB hohIEURASL LhREBE A0OIR) B 5 Wiigheiniy o' e

cell byt I'pose t1ssue- roma |tro
Support of hurhaiescdnititianoObedsic fﬂitr«&ﬂangdokth_fanms, ay up o Bt ferskolkd (et et al.

{1 sSue derBaDer Pitae 26k ¢ Resbppt g aibba NEGeiREr e RaBABR Tos 1o

105 ceig s %hlﬂdfget'aﬂ BJo8.0Prat NaR A damdcHRISKO9 5 E3726413781; TBGASon et B, SI908 ENg.
7(6):729-41] as i The cells are naintai ned in culture until

le 1,
confl uent, ‘&FT%PEHBEQIggv'l%%é@S]are mtotically inactivated with 3500 to 5000

rads (1 rad = @k é@é%y;)an@@rmﬁ pdsaed @hIt@enord%xbﬁé\teﬁwmﬁaan@aia?ww c stem
cell lines are dissociated froma murine_enbryonic brobl ast_teeder |ayer

by exposurdubling simei einfRRFFimHgNX horrs dAmitert %h%@&h&eﬁ Bigh Pef-etl-58li ne with

1 mM EDTA Adsi 19 BarBiBE b repdiing BX PAPYiERPLGh stosRage (10
ng/m), %S&Leﬁtrpaagél gbﬁg{: glgocsllat?on W twrgpm%gr opi pettep [ Thonson et al.

1998, Ei:u eﬁdcg@stzsnz migwpipetted mpnipyiadony) cawd) by Algting devicenkiéng edls| ap hrpdiaked) |
clunps areyplated onto the established irradiated human adjpose
tissue-derived stromal cell 20 WO 03/040346 PCT/US02/ 36317 feeder |ayer.
Cul tures are nelhetmpintstance of He emlysenie stewf cobluis Resessed Hy Npwianiatien Bhgiee’ s

iputative cells into the skeletal muscle of an immunodeficient mouse. The subsequent
growth of a teratocarcinoma, displaying the presence of tissues derived from all three
20  germinal layers, provides functional evidence of the proliferation of a pluripotent stem cell

by the adipose tissue-derived stromal layer.

Example 3
Gene Therapy Modifications
25 The following experimental outline describes an approach to convert adipose
tissue-derived stromal cells into cells expressing factors, including but not limited to,
leukemia inhibitory factor, IL-1 through IL-13, IL-15 through IL-17, IL-19 through IL-22,
granulocyte macrophage colony stimulating factor (GM-CSF), granulocyte colony
stimulating factor (G-CSF), macrophage colony stimulating factor (M-CSF),
30 erythropoietin (Epo), thrombopoietin (Tpo), Flt3-ligand, BAFF (novel ligand of TNF
family for B cell activating factor), artemin (a neurotrophic factor belonging to the GDNF
family), bone morphogenic protein factors, epidermal growth factor (EGF), glial derived

neurotrophic factor, lymphotactin, macrophage inflammatory proteins (alpha and beta),
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Medi um (no pyruvate, high glucose fornulation), Knock Qut Dul becco's

Modi fied Eagle's Medium or equival ent nedi um suppl enented with 15-20%
fetal bovwope3smerswn or 15-20% Knock Qut SR (G bco/ BRL, Gaipcharssbsasg? MD), a
serum repl acenent optim zed 5 for enbryonic stemcell gromh [Price et al,
W08/ 30679], 0.1 nM nonessential amno acids, 0.1 nmM 2-nercaptoethanol, 2
nmv gl utam ne, antibiotics, and the addition of up to 2,000 units/m of

human r ecopiybdiaft ( A RUKRMInad @?bmt DifYerdndigtiot FdidrER), nbmtutrm 4eg/gibwef  human
reconbi nant basic fibrobl ast wth factor, and up pL]\/I forskolin
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(Epo), 1% hr onbop“&ieetmnﬁd%quey tramf%%eq hl@%ldadlmpﬁermexﬁépmﬁ gellicfrofseiNe  family

for B cell @ﬁérb \é%’ééd&glaffe”i*“a*s @l dicated §rRIE} BxdnfblReLgfat X Q&Rhc Tﬁ@%?e@énc@%f @ging to
t he GDNF }f) bone nor phogenic protein factors, idermal grow h

fact or (Eeat)net1 lwam%qda {reder lavarist exppade tor Epducsy thell}ﬁﬁfbrf@tt et 3dditiopefr ophage
i nfl ammat Oé%gg{ogg El'o@v%h foBtbRNA 1RRY-ARE@ hnaintévhnce of embryonic stem cells in vitro.

20 Example 4
Flow Cytometric Analysis of Human Adipose-Derived Stromal Cells
The adipose derived stromal cells express a number of adhesion and surface
proteins; these are summarized in Table 1. Many of these proteins have the potential to
serve a hematopoietic supportive function and all of them are shared in common by bone
25  marrow stromal cells. Representative flow cytometric histograms are displayed also for
CD9, CD29 (Bl integrin), CD44 (hyaluronate receptor), CD494 (04 integrin), CD55
(decay accelerating factor), and HLA-ABC (Class I histocompatibility antigen) (Fig 1).
Undifferentiated human adipose derived stromal cells isolated from a single donor
were stained with monoclonal antibodies against indicated antigens (solid line, right of
30 each panel); isotype monoclonal control antibody (dotted line, left of each panel).

Representative n = 5 donors. Bar indicates fluorescent intensity >99% control.
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15

20

25

Zﬁle PCR results were confirmed at the protein level by ELISA assay (Table 2). As

shown, the stromal cells significantly increase their secretion of IL-6, IL-7, IL-8, M-CSF,
GM-CSF and TNFa within 24 hours following induction with LPS.

The cytokine expression profile of
multiple donors (Table 2) was determined.

adipose derived stromal cell cultures were

human adipose derived stromal cells from
In these experiments, confluent, quiescent

induced with lipopolysaccharide (LPS, 100

ng/ml) and conditioned medium and total RNA were harvested after periods of 1 to 24

hours. In common with both murine and

human bone marrow-derived stromal cells,

adipose derived stromal cells expressed the following cytokine mRNAs: interleukins 6, 7,

8, and 11 (IL-6,-7,-8,-11), leukemia inhibitory factor (LIF), macrophage-colony

stimulating factor (M-CSF), granulocyte-macrophage-colony stimulating factor (GM-

CSF), granulocyte-colony stimulating factor

(G-CSF), flt-3 ligand, stem cell factor, tumor

necrosis factor a. (INFa) and bone morphogenetic proteins 2 and 4 t (BMP-2, -4) (Figure

2).
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WO 03/ 040346 PCT/ US02/ 36317 Table 1: Adi pose Derived Stromal Cell Surface
Mar kers and Cytokines Cell Surface Markers Cytokines CD29 - Integrin beta
1 Interl eaioa®4B46 7, 8, 11 CD44 - Hyal uronate Receptor Maecafrsayss3Col ony
Stinmulating Factor CD49d,e - Integrin alpha 4, 5 G Colony Stinulating
Factor CD54 - | CAML G anul ocyte- Colony Stimulating Factor CD105 -
Endoglin Leukem a Inhibitory Factor CD106 - VCAM1 Stem Cel|l Factor CD166

- ALCAM Bone lvbrmmgenmpopolysmmme lﬁna&wne)fSeée{%@%ﬂmhmM@A pg/ml)

L|p0p0|ySL charid l.nd nhflnq of ernklnn ni erived

stromal  celfmeigS e"\% celiffi th 16dMg/ m| 45 f or 3sglr 4 hou?""sHr and
har vest ed | GM-CRPt 1I1ARNA Revz)erse BI’:lﬂnSCI’I ek cDNAS| yer® anp|7dtegl w tlh

SpeCifiC nviWhr ntﬁ f-o Ilknbln qu Q nnlnpufn qnhrnn age_,

and gr anu%géft?e/ rr&c?‘:’oph 7g6e Itol or;;ms%? ‘:}szﬁézfac Ws’w fltt %77Idf%?§nd and

| eukeni a | TNBubi t 9O 010 f@ebor (Fise 82). /\68&B3si gnpli25esyed| @st A contjr ol
E1’?‘&8’%&

for equiv B-eve Hr—each—reagt} g PCR productswere-segyence
confirmed, ;ﬁ‘esul lE‘“‘Dwere ¢onf'i r med “the pr ]Spel n i evlg?5 by ELI|SA
assay (Tabile6?). AS:!:IShOV\lBﬂﬂIT}e s,svmml ¢ @bt BisON| 6086 21054 Y| 920£28%E |t hei r

secretion ?E o C, | Q, PQE and—TNEa—wi-thi-n 24 hcurs
fol |l ow ng|i nduct | on vm%ﬁ q_ﬁéﬁzl Oéy?ﬂ[ Ojéxpre%‘%¥8ﬁ pro%‘f (9 human
adi pose delli-§'ed siPorfal L8442 f r()msmﬂl ti szB szzaor s49(22fab04=.6 29)710?/&9438

det er m ne@y Ay thesg Experients; Hen ot esepnt, et pRssgderived
stronmal ce FII'- cultures were induce élgw?th |If%0[6)0| ysacc d:a6r| de (]LI_%Eg 100

ng/ m) anjHe-b'hdl t i ded nedibum andNtht al RNO.were hiaN\IDested af.Der peri ods of

1to 24 Ii%s ipl TApEOTD e%éaliili' .m FFBHR b tefsustﬂdmaweélw&aﬁ STELES wRrved
stromal ce : 20 ad|$ose deriv tromal cells expresse ol 'ow ng

cyt oki ne n?&@gn divith gpdilied; 113 @, it 1?5 dﬂ%ed cgifgfiopad mediungaftiey the gndicated exppstigk e a
i nhi bi t or ytifua®t100 né hﬁdﬁblysa%ﬁrﬁdé%ﬂ@ﬁof@&ﬁﬂﬁy Thé ti-mBL Bl 8 Gndad6even 0.0 &SF)

o1 anul otyt BT ATCRBS AP ThA P! EhaB o8 pbOK ipepibi et maptce

factor, tuW@rAN(h\é@r d@b@VIﬁtthD aot(dfrEable)and bone nor phogenetic proteins 2
and 4t (BMP-2, -4) (Figure 25 2)

Q

. ‘-‘.Example 6
B Iﬂi'old Expansion

10 The ability of human adlpose derived stromal cells to support the proliferation and
differentiation of human umbilical cord blood CD34" hematopoietic progenitor cells in
vitro was examined. Confluent cultures of adipose-derived stromal cells were established
in 24 well plates (6 X 10* cells per well). Umbilical cord blood specimens were depleted
of contaminating erythrocytes by treatment with hetastarch and of contaminating

15  granulocytes by Ficoll density centrifugation. The remaining UCB mononuclear cells
were lineage depleted according to the StemSep™ (StemCells, Vancouver, BC) protocol;
this relies on immunomagnetic negative cell selection using a cocktail of antibodies
directed against CD2, CD3, CD14, CD16, CD19, CD24, CD56, CD66b, and glycophorin
A. In the last purification step, the /in" UCB cells were stained with CD34 antibodies and

20  sorted by flow cytometry. Up to 10,000 of the final CD34" UCB cells have been co-
cultured in individual wells with a confluent adipose-derived stromal cell layer. Cultures
were maintained in the absence of exogenous cytokines for periods of 12-days, 3 weeks,

or 6 weeks. At the end of these periods, individual wells were harvested by trypsin/EDTA

digestion and analyzed by flow cytometry using a combination of the following antibody

24



23 WO 03/040346 PCT/ US02/ 36317 Table 2. Lipopol ysaccharide Induction of
Secreted Cytokines (ELISA, pg/m) Tine LPSO H 1 H 2 H 4 H 8 H 24 Hr
GV CSF  IwWOoX0/0®034d. 72 17 3 76 28 MCSF 4 3 76 14 161 P/ 30436362 512
98 977 285 TNFa* 00 00 58 3833 112 82 3022 IL-1 a/p NDNDN.D. ND
N.D. ND IL-6" 1 1 287:1:73 674 51 2649 495 6083:L956 9204 *+ 2676
IL-7° 0.4 0.20.4 0.20.3 0.30.3 0.30.9 0.23.4 0.7 I1L-8 0 0 88
42 225 B2 dfinaiiRd (tARAcREGs %amteal thekbey:IDA2(s21), £B84 L4RCYL G 198
[L-12 N.D N.D N. D ues in are the nfan S.EM
fromn =5 ¢ghegChy 69&9 QSQD3§ (Bthﬁlgure EI@PIB%@“W@? ﬁla‘f W@PW@@C%@@%%l | ut ed,
125 or 1 @R dldlifhONdibiRRRH KRR e tine
to 100 ng I";?}Sac’(giolS saccaﬁarﬁg 4 4‘“ dgl umce[} gp%nilgﬁ]a%‘t;?%&ﬁ |near
bet ween 0. ¢8 @@awlcxo(npiédlmpaneﬁhs@@epdﬁldynlM&ﬁ celisefot p weeks 9Bl ﬂ;et:mmorBOf)r 24
hour and O way ANOVA. Abbreviation: N D.,

not - det gcta Fe{d)lgggnng?{élﬂ%é "@gﬁ%‘ﬁg%@%@%@n 10 The ability of human

adi pose- der i vednshe absehceca] dxeganouseypgkines, a:dli;msqadaivieﬂ etrahitlmallsanmported a

differenti t| f__huma ol
progeni t or glce olld QXpansmn %éwvvg%m%()porﬁ%ﬁ «5%” nl@gﬁqrf &Dgliag% W ursto‘g"%ﬁonors n
adi pose- deri2VédB slbncﬁsmhnge@l 4 984)V®fgﬁre®1 dhisicetresgonde t24 2 velfdld B)qﬁhﬁﬁn 66 X 104

I Lical cord d d
Cont an nat 108 0 ERTbts e GO (PR A it BBED dr of Uapogprs: ange

cont amiloat i.Ag 38y (Geawvyh.ocytes by Ficoll density centrifugation. The
remai ni ng UCB nononucl ear cells were |ineage depleted according to the
St enSepTM (StentCel | s, Vancouver, BC) protocol; this relies on

| mrunoragnet i ¢ Medidications @l lotiee legdbdiments Sif ik Mveridat willl beoﬁppafehi bf)dlilees

directed a CD16, CD19,

gl ycophori %(ahezlsml %Dt‘ﬁtetq %‘{CEDEPl iny<OHeY BrTtalRs lﬂ)a“‘l%g‘e%jgefﬁ&% Itqaghlﬂi%sr e

st ai ned Wi plasegldd4n «’ﬁ[ﬂfoib@dingﬂes’tﬂﬁn(ﬂ@ afitht @shobitell PV iR4! AMBefoye, itWptd e 10, 000
of the &lnal tured In |nd|V|d al wells

with a onT“quégFﬁOﬁéB?t %glva’étfqn\/‘g\é‘gtsﬁorl@nﬁ?‘teéetlolt § SRPeric cabreimeas disclosed

and that modifications and other embodiments are intended to be included within the

scope of the appended claims. Although specific terms are employed hereln they are used

in a generic and descrlptlve sense only and not for purposes of 11m1tat10n
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were mai ntained in the absence of exogenous cytokines for periods of
12-days, 3 weeks, or 6 weeks. At the end of these periods, individual
wel | s werwohanyisse ed by trypsin/ EDTA digestion and anal y2ea/usyg2/8d30w
cytonetry using a conbination of the follow ng anti body 24 WO 03/ 040346
PCT/ US02/ 36317 conbi nations (fluorescent tags indicated in parentheses):
C45 (FITC, CD34 (APC), and either CD7, CD 10, or CD38 (PE). Figure 3
denonst r at §¥E i0IaAMenat opoietic cells from 12 day adi pose stroma
co-cultures were exam ned for total, cell, expansion (Jeft panel), CD34+
cel | expansion {ni ddt&OPRPRAYGN ¢ompLisiag 2y l%fﬁatﬂggr%’%ﬁllcg"ﬁﬁabg WSERROTUREY t he
expansi on e in PirBYedIFkEbPHE rhaiteNafsd dfidted dellb Il @hbatiodWi a Ghlcen. I n the
absence of exogenous cytokines, adi pose-derived stromal cells supported a
5.1 -fold expansion of total hematopoietic cell nunbers (average, n = 4

stromal sdonors, o =R dfeBodRFSiaih M\Ierdin theStdhal Bl GHiudag) - Thi s
f  the CD34+ UCB I

corresponded to a 2.4- fold expansion o h ce popul ati on
(average, n = 4 stronmal donors, n = 2 UCB donors; range 10 1.4 - 3.3)
(Figure 3). Modifi cagy 0, d i 5 i i]1 be
apparent to onej' skialiE e(cabgﬁllp gg?%ne&gfﬁmtel gt&\@/\lﬁilecﬂﬁ%%?@hls gé\/}%tﬁzt; @éﬁ%‘é@? laalg\ér#s havi ng
t he benef i introfluce inte deshipmalscellpr esented in the foregoi ng descriptions and

t he associ ated drawi ngs. Therefore, it is to be 15 understood that the
invention is not to be limted to the specific enbodi nents di scl osed and

t hat middificati4ns &rid compesitiendfollinmiwiserain theistromaichet s¢ceetdsa protaial uded
within the scope of the appended clains. Although specific terns are

enpl oyed herein, they are used in a generic and descriptive sense only and
not for purposes of Therbinpbsithon.of 2RinV\D Wikt &d Gid4PotEIC eSOk 3 grbivth fadkor,CLAI M

1. A conpositi.on conprising an.isolated stromal cell capable of supporting
the in vitPESPSR ?‘g}r)l%{?ﬁe{?rf’q%m&mﬁzl?erﬂrﬁl ShRten ?ﬁﬁiftgﬁl@él I's in conbination
with a stemcell. 5 2. The conposition of claim1l, wherein the stromal cell
is hurrzg. 3. The conposition.of clai m‘%@rv,\h rei n exogenous genetic materi al
has be i nt r duced BeFPBPPSINOL PigiR > vlisrgin the gtromaleqll idgap¥ed -t i on of clai m
1, wherein the stromal cell secretes a protein. 5. The conposition of claim

1, wherein the ,Prot ein secreted is a glrovvth,factor, ) )
. The composition of claim "1, wherein the stromal cell is derived from

adipose tissue.

20 8. The composition of claim 1, wherein the stromal cell is derived from bone
marrow.
9. The composition of claim 1, wherein the stromal cell is derived from

ligamentous tissue or tendon.
25
10.  The composition of claim 1, wherein the stromal cell is derived from

skeletal muscle.

11.  The composition of claim 1, wherein the stromal cell is derived from

30 smooth muscle.

12.  The composition of claim 1, wherein the stromal cell is derived from bone.
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cytokine, or any protein pronoting the proliferation of the stemcell. 15
6. The conposition of claiml, wherein the stromal cell is irradiated. 7.
The conpowDtdom3ad claim 1, wherein the stromal cell is decTusd2¢3om

adi pose tissue. 20 8. The conposition of claim1l, wherein the stromal cel
is derived frombone marrow. 9. The conposition of claiml1, wherein the
stromal cell is derived from I|iganentous tissue or tendon. 25 10. The
conposi tion of H.ai rithe, compesidom of lekist ¥, omledrein ehd siremal eveil vie ddefivainfrogk el et al
nuscl e. 11Cmah§ conposition of claiml1l, wherein the stromal cell is derived
from 30 shboth nuscle. 12. The conposition of claim1l, wherein the stromal
cell is derived fronlbone 26 MD 03/ 040346 PCT/U802/36317 13. The
conposition of 1, wher.ein stromal .ce ved fro

cartil age. 14. Rupppiton 8 @f‘au%‘ihe%é "er”"ﬁo”ﬂ é:egt‘rsoq‘?ﬂ\vedg]glofn is
derivedsfraﬁMaﬁwe@@mectlve tissue. 15. The conposition of claim1l1, wherein
the stromal cell is derived from peripheral blood. 10 16. The conposition
of claim1, wherein the stromal cell is derived fromskin. 17. The

conposi tion of 3. ai nrhk, coMpetiftbr of RAIRLY, %I?érelﬁ%é strinl il Vi§ ek QMeopT0I | 1 cal
cord blood. 15 18. The conposition of claim1l, wherein the stromal cell is
derived f rBgHP ﬁ?h@@%%a 19. The conposition of claim 1, wherein the stem
cell is enmbryonic in origin. 20 20. The conposition of claim1, wherein
the stemcell is adult in origin. 21. The conposition of claim1, wherein
the st cell ebpresBesompesiionhilaim bawhertiethe sinprodicell isderveddiam ski., wher ei n
the stemcell is selected fromthe 25 group conprising neuronal stenlcel

liver stemcell, hematopoietic stemcell, unbilical
17.  The composition of claim 1, wherein the stromal cell is derived from

umbilical cord blood.

15 18.  The composition of claim 1, wherein the stromal cell is derived from
placenta.
19.  The composition of claim 1, wherein the stem cell is embryonic in origin.
20 20.  The composition of claim 1, wherein the stem cell is adult in origin.
21.  The composition of claim 1, wherein the stem cell expresses telomerase.

22. The composition of claim 1, wherein the stem cell is selected from the
25  group comprising neuronal stem cell, liver stem cell, hematopoietic stem cell, umbilical
cord blood stem cell, epidermal stem cell, gastrointestinal stem cell, endothelial stem cell,

muscle stem cell, mesenchymal stem cell and pancreatic stem cell.

23.  The composition of claim 1, wherein the stem cell remains undifferentiated.
30

24. A method for the growth and maintenance of cultured stem cells
comprising:

i) isolating tissue-derived stromal cells; and
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cord blood stemcell, epidermal stemcell, gastrointestinal stemcell,
endothelial stemcell, nuscle stemcell, nmesenchymal stemcell and

pancr eat iwogtem3eel | . 23. The conposition of claiml, wherPerrusonssdstem cel l
remains undifferentiated. 30 24. A nethod for the growh and mai ntenance
of cultured stemcells conprising: i) isolating tissue-derived stromal
cells; and 27 WO 03/040346 PCT/US02/36317 1ii) culturing the stromal cells
in culture nmedia with st#m celulteringthe stiduenl nelishio dultuke mbdia mitB4tefugetlher
conprising culture supplenented with growth factors, cytokines and
chenokines. 5 26. The nethod of claim 26, wherein the growmh factors,

cyt oki nes, and 25¢ hermkiml&dadsieclsm aat facthérr @mpridiag Pohike SPpPiensited Gvithf :

| eukem a Inh}jﬁ’#‘ actor, c{) -1 through IL- 13, IL- 15 through IL- 17,

| L- 19 thr®f $LoBso yt‘gﬁ"}fﬁﬁ‘? %‘5‘?{“8 kit®%r ophage colony stinulating factor

(G CSH, granul ocyte col ony sti rrul ating factor (GCSF) macr ophage 10

col ony stimulating fact or erythragpoietin ng t hr ombopoi etin
(Tpo), FIt3- |i%and,The rﬁfghqd aﬁﬁi%tzﬁg""?e&@fldﬁe &0 nf;ﬁorsbd’ﬁ@ kings: pdgeni c
protei n faglRioRine® RleARleBBA froflf MM HolpPEdnSistifdEF houk&thiaghniBR6r, MRG0 @10t r ophi C

factor, |ynphotactin, macrophage inflammtory proteins, nyostatin,

neurturi n, thiesgl &-43.0ht 15 thral%&lbﬁls” Bi-49 dreughdBrZ2y granulocyist hacrephegagolony
placental grawi foc%rQGM- @ m%%ﬁl?@%}f[t@eol&‘fyesmnﬁﬁltlhg FRfk RS CSH, %mcfo%h@agr owt h

factors, 15 tranSformn ors, ‘tunor necroslis factors scul ar
Endot hH] i afolas! $tinglating act@aM@) anythropcietion (Eps), thropwopoittae (s, FREF- aci di ¢

and basi ¢ E%lﬁ&oﬁlc% t cﬂ@eﬁ’%'}a &Ctaﬁcéml 2 bonel Ha% n%{h?chﬁﬁeei&! .2 de\“{?ﬁre' n the

grow h fac |nes an enoki nes ere 1 ati on of
t he stem cgbivth fé_t@or28EGFDhallabtdhmbdomewrbaopim@Eactormdymplmtadue, gmaswiphageact or s,

cyt oki nes &S . the differ |on the stemcells.
25 “The. net BT EPRIRO TR el AR deahid s BEb Fflor? BRI SR cer i
are 25 i rﬂaetdrsaphdermll gmwth diactar] pletotrophimg gtdm tchlé fe&toe,mtmlcbﬂ gra3@h fddeas,met hod
of any; Pt ¢ f l a{‘o%méd'growfh ac orrselru?nc;[r hneecr%élg %c%cgﬁls léas@&lgr ]C:)rfldothelial Cell Growth

Factors, and fibroblast growth factors, FGF-acidic and basic fibroblast growth'factor.

p__)

27.  The method of claim 25, wherein the growth factors, cytokines and
chemokines promote the differentiation of the stem cells.
20
28. The method of claim 25, wherein the growth factors, cytokines and

chemokines inhibit the differentiation of the stem cells.

29.  The method of any of claims 24-28, wherein the isolated stromal cells are

25  irradiated prior to culturing with the stem cells.

30. The method of any of claims 24-29, wherein the stem cells are of

embryonic origin.

30 31.  The method of any of claims 24-29, wherein the stem cells are of adult

origin.
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enbryonic origin. 30 31. The nethod of any of clains 24-29, wherein the
stemcells are of adult origin. 28 WO 03/040346 PCT/ US02/ 36317 32. The
met hod ofwarm/ed34€! ai ns 24-29, wherein the stemcells arePsalEsor/aas1fromt he
group conprising neuronal stemcells, liver stemcells, henatopoietic stem
cells, unmbilical cord blood stemcells, epidermal stein cells,
gastrointestinal stemcells, endothelial stemcells, nuscle stemcells,
mesenchymal st &3 celThs neetitbdpefmly et dlaims 24429, Whaein! the st8B81L celllararadidvod of

cl ai m 24- 29, erein the stromal cells are isolated fr

ma..sourc
conpri si ngfgr%‘H' auR fLisemsHrantserbeRlls, Vghien £ sh‘cfr?acsg%‘??éet'&sp%?@&n
skel etal  &MBIGEAR, cordTiI6dd BUEC cElls, RPRRImdA agteh | @&Ue, gmmtmalest&m s&dlle,,
peri pheral bl ood, skin, 10 unbi [ical cord bl ood, &”1 centa. 34. The

met hod of @dgthekal sfes pellspmusele sigmearels.essachymal siem fe gnceeatiq stedy o

geneti cal | y.engi neered to express a growh factor, cytokine or chenokine.
15 35. The nethod of claim 34, wherein the growh factor, cytokine, and
chenokine are selected fromthe group consisting of. |eukem a inhibitory

factor, IL-1. 43hroygh rr{eltl-ro%l?bf cldim 23 29“%&% thd- sthomal lcbiislSre LMo la- 22,

gr anul ocyte macr ophage co ony stinul ating factor (GWCSF), granul ocyte
col ony sti mrcatqon@rlslagtaéxpose@m)bonm@mésg@nenmsdwyues@n fendoms iskeletelact or

(MCSH). ehpld h{gs?l%oﬂ; 'n[fhsglgpq%ne D BIBOPARGLLDe (E0R) rpefgﬂe%a@&oba 99@9 B cell

activating art ogeni ¢ protef ctors er mal
gr owt hl@ actlmblhcfE@?i,bl@HJemldpdbecntwed neur otrophic factor, |ynphotactin,
macr ophage inflamatory proteins, myostatin, neurturin, nerve growth
factors, platelet derived gromh factors, placental growh factor,

pl ei ot rophi n, s¥em Gak metladtadrany of elainsel4h33gwhekin thasbted, stromalacedls aremi ng

SLoM D, kS RS pdieredh el SRR RPNy basi ¢ f1 br obl ast
growth factor. 36. The nethod of claim 32, vvherel n the stemcells are
i Alped n o undlTRerOURted oL s 39 A7 IR LDt Slns B %2
chemokine are selected from the group consisting of: leukemia inhibitory factor, IL-1.
through IL-13, IL-15 through IL-17, IL-19 through IL-22, granulocyte macrophage colony
stimulating factor (GM-CSF), granulocyte colony stimulating factor (G-CSF), macrophage
colony stimulating factor (M-CSF), erythropoietin (Epo), thrombopoietin (Tpo), FIt3-

20 ligand, B cell activating factor, artemin, bone morphogenic protein factors, epidermal
growth factor (EGF), glial derived neurotrophic factor, lymphotactin, macrophage
inflammatory proteins, myostatin, neurturin, nerve growth factors, platelet derived growth
factors, placental growth factor, pleiotrophin, stem cell factor, stem cell growth factors,

transforming growth factors, tumor necrosis factors, Vascular Endothelial Cell Growth

25  Factors, and fibroblast growth factors, FGF-acidic and basic fibroblast growth factor.

36. The method of claim 32, wherein the stem cells are maintained in an

undifferentiated state.

30 37.  The method of claim 32, wherein the stem cells are differentiated in

culture.

29



