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15 BACKGROUND OF | NVENTI ON Enbryonic stemcells are derived fromthe inner
cell mass of blastocyst-stage enbryos [Qdorico et al. 2001, Stem Cells
19: 193-204; Thonson elcpahss REPRRERCICTORELATER APPEICNPIONO2: 7844-7848. |
Thonmson et al. 1998. Science 282:1145-1147]. These cells are described
variousl ¥y as pl ulhisapplitetiearrdaims pripttydn tU.81 Saniplce. 69/3441385 filedi Naviepgeri Shi ng 20
characteristpgyis their capacity to give rise to differentiated daughter
cells repr esen*'i ng all three germlayers of the enbryo and the
extra-enbryonic cells that support devel opnment. Stemcells have been
I solated fromother sites in th r ' dult tissues. Pluripotent
or totipotent stemcells capabl g‘@@ﬁf?@?@ﬁﬁ%‘?i ng into cells reflecting
all three germ Thigeneentién prloeidesrhethods ami Genpositionst fod ther v afhstropial eadisdi al
germ nal,ridge of.the | QRI t t rel.no =and from
non- enbr1>9 on%gmfe:as%%%sa? i%?sﬁg[?%lgﬁ’ (r??ghg %ﬁﬁ%ﬁgﬁ %r@g%e ’ t% éﬁeﬁtg‘%btgsﬁ%’ %rrisfkg\?\/, brain,
| i ver, panchigasentyeeriphemi blood)|ploelnta, shmothntascle, kklelabmascleytendons, umbiticalnbi | i cal

cord bl ood. These cell.s display.a nupber of connon roperties, They display
i gh Tevel s SBR 2 R 18 (HBS i S pnd malrORE o PaRRRhE of faulie, ' 1608
Proc Natl Acelik indiusddBferddh: 13726- 13731] . They al so express high |l evels of 30
the tel onerase enzyne, a ribonucleoprotein that catalyzes the addition of
tel omere repeats to chrompbsone ends. This activity maintains the chronosone
length asd is correlated w BACKEGROUNDDOFaANVENTIONoOri co-et al 2001, Stem
Cells 19:193- 204£inb0 2. MAY 2(“36 \QOO?‘,{ 340346. PCT/ lﬂSOZ/ 36,
TYO ells are derive

nic stem ¢ om the inner cell mass 013 I;I]Zstocyst-stage
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 celis 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].



Enbryonic stemcells of human origin express cell surface markers including
but not limted to stage-specific enbryonic antigens 3 and 4 (SSEA-3 7amaY 2005
SSEA- 4) , nol ecul ar wei ght gl ycoproteins TRA-1-60 and RA-1-81, and
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Prior to co- &J,,Is lg& astrxj’hq?let ve%rg‘?o»{r&r@érﬂ}r&ﬁoté RNGER dfferdARLNS g[ﬁlnﬁﬁ Func tion
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2000, Dev Biglieraf imfséit™ 658 or BT YARLE shb EOF GfthbiodBfiGenf mice leads to the

development of a teratocarcinoma, exhibiting the differentiation of gut-like structures,
neural epithelium, cartilage, striated muscie, gldmeruli 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



WD 031040346 0 2 MAY 2006 PCT/US02/36317 isolated fromthe inner cell nass
from bl astocyst stage enbryos by i munosurgery [Reubinoff et al. Z@Q%AY 2006
Nat ure Bi Ot\?@ﬁﬂ@&?ﬁy 18: 399-404; Thonson et al. 1998, Scie US02/36317
282:1145- 1147, oricoet al 2001, Stem Cells 19:193-2041. The zona
pellucida. is digested wth pronase, the inner cell mass is isolated by

| mmunosurgery with an anti 5 human serum anti body foll owed by exposure to
gui nea pig conple cells plated onto the irradiated

. nt, and the resulti gl
VEF foeder 11 dom Hecinpstctl MERT T BipocsgcRAEe\ RIS OXSiBRERIHSE By
18: 399- 404; [RbsyitNetedl. 2000, A% Bistedhaplogy 2§395L40K5 Thdisth. et Al. 1998) Btiek&d Y,
cells are isolated fromthe gonadal ridges and r;es teries of g to 9 week
ol d post- fe?rsgilll‘ch’c"ﬂé)rQq?ﬂﬁ‘%fg ab 380y o ot sliswt h@g a?ﬁ'rhEaH‘mﬂi@ '@fg‘?’eb%t i on
and trypsi n/gddied JRndpgRat] @0 iflr BYPnEEOR SRR BP ihAGRRASEy WHDAR 8hti-

di gestion and subsequent plati ng onto an MEF feeder |ayer [Shanblott et al.
1998, Proc Numansaumaatibagyolipwed by pgposureda puineaqig eemprieméent.andghefesultngd in t he

presence of Joyl g@g%}éﬁtd\{%@{r@iaﬁq NERE &g IMRAicHiftré PReubRYEFY 3t €2000] Biug ucose

formul ation), ecco's Mdified Eagle' s Mediumor equival ent
medi um supplBinteshnelpsiil 8593904 Tbemsonzt aly d¥8n Bciense 3836145134 Do licmstikelput 15 SR

(G bco/ BRL, | _ : kg 0 yonic
stem cell °§§H 0\%\}? ﬁgflg#? ?Edgg%thea n@%gg%%%%fﬁﬁ%%{fhﬁ%%gggggﬁ% <E;1)|deg$n§iE no

acids, 0.1 rfitiization rlvuanoembraerofollowingmgthanisal disaggrasatiasi end &3psifRBTAhe
addi ti onyof 310, & , ' R d; ' 1.3 i bi tory
factor (1_0? F)(},f&lﬁtﬁ)&t% hg’glgﬁ#{ Eﬁagegf'jfo "%ﬁ?ﬁifﬁ I?econb({l%gﬁéﬁ%ngggﬁsg&@wg#gg%nt)om h
fact or, and MEPF tfeede0layt [Shawbdott ieh al ARPS, Rroc Natl A@dEci D& Bi:tA72603731].

Sharbl ot ¢ oC'NEHes o6 pliind n 8P BRyerk B e SO S Mgk YR
a: 6né 29&;58 Sqiyervete, 1?312 gmals;ﬁ-forml&mm), I{hts:rkfczlt@@:ﬁmqo’pmwﬁbz Hagié’s Metiam arel |
repl acenent Spigbf bl sieERERRERRASRE £lsPhltl it O 45 RuoEOMT.
bazI : ;:f 1; |r g{] ?ilﬂfheﬁibgﬂ?mu}rﬂﬁstmispurg MDY, eqariumladplfammmh@tmd_mdi fnuedbrymTic stem__l_he
combi ned pr Seh it PH g & yEBsSberohin f o on BRGNP Bhfio SHAE' EF b 2
devel opnent mdrcaptogthianolcd mdh glutachineuaritibéatics, mhd thetaddition ofeuptto 20 onisymhoft el |

col oni es as I o o ly@i ' - Pri mat es
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EDTA or q h gﬁ?aﬂ%ﬁe r@auglgf)nﬁ'%ﬂglsbw Nat%re Blo?ecgno%gy M9f9-40$, ShamblloQt et al.
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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 magnesium 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



chel ator, by exposure to dispase (10 nmg/m ), or by mechanical dissociation
with a mcropipette [Thomson JA, [|tskovitz-Eldor J, Shapiro SS, et M.MAY 2006
1998. Enbryonic stem3 0 2 MAY 2006 WO 03/ 040336 PCT/ US02/ %??‘ésé ’?% l i nes
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er stem

I sol ati on, nt enance “of e an
cells. Met h8dsfT 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.



30 and conpositions for consistent support of stemcells by irradiated
adi pose-derived stromal cells are provided. 4 WO 03/040346 0 7 MAY Q@%y 2?05

PCT/ US0213 ne aspect of the invention, isolated tissyqdesisyed cells
are suppl e%ﬁ%ﬁméf WIR'[ h additional growh factors, cytokines, Sﬁ enoki nes

to isolate, culture and maintain stem cells. In another aspect of this
I nventi on, the I sol ated tissue-derived cells, including 5 adipose-derived

tissue cells, | rradi bef ur di d with
addi tional growt E“ PICEBYC Oﬁgf/f"d’ﬁn Sgﬁteéy Séue'dgré%fe@seésrg %ﬁ%eﬁ%ﬁ% y, the
| sol ated t iadditienad growtiefictoss] txokinas, andrchelndnm talsblate, ¢ultmrecank imairgains@ina i S
suppl enented with additional growth factors, cytokines, and/or chenokines.
In still andfh®r aspect of the present invention, tissue-derived stronal

cells are 10 gebetahéthdrl dpRnof miie ivdntion, ek isohted afssueaderived eclfs] dichidirg or
re _and, mai nt,enance, of stem cells.

grow h fgctors that. facilitate the
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]genet ically aﬁﬂﬁgxﬁbﬂegr@dtht ﬁct@?ﬁprc 5mss,mdnd4@f @lhahmneer Q[tgﬂ?t?efyaQﬂ@ﬁsolactje‘aUCh
actors are used, to pmintain s ip an undiffere ed state or
al t er nat i veltipstesiervedeesls g i ?fiﬁréhﬂ‘f uiregedin § SARRLEREaYgY itk afliionay i | s
of the i nve(rgrd,m fﬁ@&@fcy@gﬂeshﬁf(ﬁjr@herﬁ&@nagl ssue-derived st romal cells,

i ncl udi ng adi pose- derlved stronal cells, are used to_culture, .and maintain

enbryoni ¢ st em c& S8l anqthes dspeck af thespreseoigimvenfion tissyedrsived sirpraal gells ares o ysed

to cul tufe asRFeticAMY Soilebted BRI SneSr BBrE {eﬁws of F‘roﬁ'ﬂ'l fabtoRRA ERklitAe pRCt  Of
the invention, tissue-derived stromal cells, including. 20 adi pose-derived

stromal cel |clturgapd asa@aenmwﬁéwmellméltaﬁerwmr the disigderivad stioma] cebis pee of

various typQgadisthd hileH BathgDithett@lly khdthdeRd thexpRQUSER PhotShe B} SRS factdrver stem
cells, hemato oietic stemcells, unbilical cord blood stemcells, epi der nmal

stem cel | s, SughceFteisniresysehdp meiatHne ghel stema fally e anapndiffersntiated| gatenorscl e

stem cel I's, MBS BRIrest iRPdifPddrgtisd pancreatic stemcells. Irradiated
tissue-derived stromal cells are also used to 25 culture and maintain such

stem cell3s. | n ad¢Eerdine 42 Jc details phdhs inyeptionodsscribed hgredy the distie-dgarsdy ed

stromal cel lsgombin&dll di'nﬂﬁdmé‘ﬂdhﬁ&’s‘é%ﬁ%d‘ éf.%eha;s EEIRNEE uS& oSouli@fefardURBhAIENT ed
with growth factors, cytokines and chenokines that are used alternately to

enhance pr ol P8ORS $vm oells. dmadinte Wssugderived stroml pells grealso usedrto culture and

maintain embryonic stem cells.
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, muscie 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.



the directed differentiation of co-cultured stemcells. Aternatively, the
isolated tissue 30 derived stromal cells are first irradiated and t e; %2&05

suppl enment ] row h factors, cytokines and chenoki ne i ch are u
al ternat el %@"}é‘ﬁ Bnce proliferation, to maintain, and to%’icﬁtn &M E the

directed differentiation of co-cultured stemcells. 5 WD 03/040346 0 2 MAY
2006 PCT/ US02/ 36317 Ot her objects and features of the invention will be
nmore fully apparent fromthe follow ng disclosure and appended cl ai ns.
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adi pose derived stromal cells expressed the followi ng cytokine rrRNAs:

11U . % i b L e Bl
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co-cul t ur es®"
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 o (TNFa) 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
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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. Altematively, 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—deri\}ed 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-



chenokines. Alternatively, the isolated tissue-derived cells are irradiated
after the culture nedia is supplenmented with additional growh fac{driéay 006

cyt oki nes, _and/ or chenokines. 30 In a further enbodi ment of_ the 0sresent
i nventi on, WO 4483486 i ved stromal cells, including adi posd-déY§%&¢1%t r onal

cells, are genetically engineered to express proteins, including but not
limted to, |eukema inhibitory factor, IL-i through IL- 13, IL-15 through
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S
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ti ssue-derived stromal cells, . ing¢luding adi
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mai ntain enbryonic stemcells. 20_In still another, enbodi nent of the present
i nvention, ti ssﬁ@-ﬂ?ﬁl}e@é’a‘%@‘mﬂhf)f@@ prgsent yEntigy, ﬁﬁs‘&dioeﬁﬁg-sﬁé‘?ai] Ve#s: st 1 ol
cells, are uRdingadipss-dkived Stktiniall cls, @bdsed b BhlRIrd ard MEIntaGLérhSyéHid @érpat i ng
fromadult tissues, incluydi nlg but not | n%t_ed to, neuronfll ftem cells, liver
stem cel | s, “HiEnd? FPAEMmpEves eradimentsiradipled; Hssygrdeddyednitiomal sellsqs psegitpit est i nal
stem cel | s, cultRc@dhedintaih embAdhiketereeliluscl e stem cel I's, nesenchymal stem
cells and pancreati m 25 cells, In an alternative enbaqdi nent, the

ti ssue-d@rived s[Prsﬁﬁéﬁ‘t"ggl qabogiment pf they presen invention, tissue-derived stromal cells,

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,
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" Errbryonl cofsteargeltsl | s” is intended as any pr| mtive (und| fferent iated) cells
15 derived fromthe enbryo (inner cell nass of the blastocyst) that have the
potential to becone. a wide variety of specialized.. cells. Enbryonic stem
cel I's are.l-dgfialftians of undergoing an unlinited nunber of symmetrical

di visions wi t heghydiohie§Emt Fé\is'rig"@le%&’ aF»t ﬁ{gnbrunﬁfvlef (ﬁﬁ@éﬁla}ed) by al so

exhi bit and maintai'n a stab ' enent of
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complement of chromosomes. The cells express high 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 kDDa 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 celis, 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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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 (TGFB) 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-covaiently associates with its previously attached disulfide-linked pro-regions to

10
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II. Isolation of Adipose-Derived Stem Cells

20 Adipose tissue offers a source of multipotential stromal celis. 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,
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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r epl eni shablpethwsysl [Eripkgon| etal, 0002, Biehem Biaphys RegCaamun emma'rssmj Gromlasuct i on

ndivi dual 808 0o of CEF PR 1 DR Vot af 2086 ARG, ool

stem cel |'s 50:307-41% Huapeddll, 200, Biczhém Bisphy@Res Coitinpr 3§1:907s0eSakelin sted, st r onal

cells" are dfrom 0t oIIa nase

di gestion aﬁ@ggl PRt & %ﬁ‘???‘#@%gﬁ i@ﬂ’v‘gﬁ” L"é{ﬂaﬁﬁ?"}g l% i ssue
Eng. 7( 6¥: 729341319-lameret al, 1999, Bl&samollTeGhmq 136818 501 7,87k & Gad - 39T0TisRedbel |
1966, %ﬁn 41 130-139]. It has been denonstrated that human adi pose
ti ssue- derl 8 #8hal cells can differentiate al ong the adi pocyte,

chondrocyt e, andAaﬁ:bwbﬁsa&t dﬁveﬂeam;zlqar&neal Mavad9& 6 Q& Gagfeerin
PCTI US02/ 36317 pat hways [ Ericksgon et _at, 02, Bi chem Blgfhys Res nmun

290( 2) : 763- GPPUHEFHAMSN okIrstelt isy pbundam. %Fﬁa'}%:ﬂ 150?°°E§él Fisthodo it 54- 63;
Hal vor sen etmiginal A0 thé/gitfehplma) it ¥replerisKubib. mn@sﬁnaa&eus%}ﬂésenﬁe@c hem
Bi ophys Res Commun 281:907-912; Sal adin et al 1999, Cell h &,Diff
10: 43- 480 sthndh0lgh of shrohone marowzy Dysieated | gell| Ropulgiion, therg & up ts ¥ 319;
Zhou et al, s&&ﬂzﬂ,ceﬁd £ @EN6H agipehikek [$8h &8 2001, Jodtl o8 Cellar BiOGhbmistlySsue

Eng 7:211- 28 Adlﬁose ti ssue of fers many practlcal advant ages for tissue
engi neering$  Yathixgtivo expinsion oven2 tod ‘éifﬁ!fﬁd&ﬂﬂs updp edtheillipg stomal eellss s p| e

to harvest 'ﬁ%h‘h@cb 1ifofrims rBfné.diﬁﬁvlse risSie, t OTHebE cBAd ic@lbe JdBl I famddiatdl or

repl eni shable. Wiile stromal cells represent |ess 10 than 0.01 % of the bone
Marrow s nuCTeREEAVeddPr f“ﬁ’(‘i"p‘lﬂtﬁ?ﬂ%ﬁm"@ ginsicapplicsonss 8.6 X 10 stromal cells

per gransof adi pPRE abi gﬁs%ué’enkﬁ? Biréthal dells 200kss 4 GufBer o hdreSibh Lz\h&”surface

Bi ochem stry 81:312- Ex vivo expansion over 2 to 4 weeks yields up to
500 million psthﬁmncle@ng,sbut netolimigeds tac jthep frtlomingo pell alirfgens markess §dI297(Rdse cel | s
can be used [ \ r@fﬁ%f toI _

al | ogenei c a]%)%% | gat %)%i Xhﬁ[ugon%ﬁ rg&gﬁﬁ)gs %r(?l\i/e%tgém{) ‘?‘2“135%?%55 a
nunber of adhduwlinCRA6- é/lﬂﬂﬂvhbéDlliﬁr-dtl@AhS and Mdmegcyt@imesnbneﬂeumSt @d to,

e 2, 6 MG RGE B S P g CORR i o

Granulocyte- Colony St:mu]atmg 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 vifro. In

particular, stromal cells obtained from these diverse tissue sites will also be able to serve
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- Endoglin; CD106 - VCAM1 CD166 - ALCAM and the follow ng cytokines:
Interleukins 6, 7, 8, 11 Macrophage-Colony Stinulating Factor, GW 0GoMbm3i0s
Stinmul ati Rgp faghes. 20 G anul ocyte- Colony Stinulating Fa@,g;@fusuyggkﬁm a
~Inhibitory Factor (LIF), Stem Cell Factor, and Bone Morphogenetic. Many of
these proteins have the potential to serve a henmatopoietic supportive
function and all of themare shared in common by bone marrow stromal cells.

Cells with f t t d_st ¥ b
obt ai nod 283 FBFolHE L ety SPPEERSHRECITRAR iR ol PARRIGE 4R 10 T

bone, bone nmtémance maanﬁdxffa-gmatedemaect ive tissue, foreskin, liganents,

el o 0O B AR e Eesiq om0,
al, 2000, ®aliforiiaaitloes adipéo d&&&dé&m dellgrinatcad e k&%,anc'f Bepahiind to Brovidegi st

2: 304 312; G nble e 1996, ne 19:421-428 | e ngne of .t he stromal
30 cel |9 ddPIRAGS Pv%mnaﬁvn%sir m‘éﬂ‘ﬁ’ grsupppsting the %{m 334 EXnapsiofn plooher cejly

probabl e t haputhtitRy, viieH frthey Ghd b&géﬂ&icaﬁ?ﬁfoufﬁ% td ﬁpx@ﬁr&’@fpr&@ catduogedeﬂem t 0
serve simlar functions in_ vitro. icular, stro cel |l s obtai ned

rt
from t hese TPYeFxampls, dupan kigordegived 'ftFm éEF'Zso W cagplired with, Wt‘ipé’eﬁc SeRIY 2006
WO 03/ 0403461150 WabRica @3l bidhd. DeefR)-wkaRFiod, QumbiPRidpdse Qérivag str@fidlr yoni ¢ or

adult stemcell proliferation and nmaintenance _in an undifferenti ted st ate.

WO 00/ 53795@%@%@1% hy syryjvel angsuported i eghvta AfhureRe hemglopestic stem ¢sls,

Uni ver sjgt Y tigdreby Gihskrhddp the &tu J)m@ﬁsa @dtepgﬁ%aﬂﬂi.ﬂgﬁeﬁmng@em s that can be
grown and expanded to prov condj tioned nedia for

supporting the r%\ﬂaﬁmasﬁ%l-ze@?ﬁé?ly Fgﬁutﬁfd'%i%‘ésrm%tﬁ?qs diegsed tRrutiGpBe sipmdn furt her

can be gen%&lllsqalrp}aha"wihcﬁﬂ;&ﬁd hl@di'é‘?@ﬁl%F&'t% oRWRh BREMAREAALORNESeILs. fth one
exanpl e, human derived stemcells were co-cultured with henatopoetic

stem cellds ‘PP%WBWOF‘F*E@I"S ansk e pells anay g epmbingd i 2kesrltySRr i od, human adi pose

derived stromal The @b cfﬂ%kdbt HrREbAR SE \isBl PN RO sk chidghy BeOWt h Of
human henat%ﬁagetlc stemcells, 10 thereby illustrating the utility of such

a syst e i isolaisdy Yarisy of methogsinovgyte those skules in fhgag gpchos gospribeting ¥

Verfaillie ogisspdonatc MRiveRHP oﬂlprt@sdrgﬂetta Uh ial prefe@l SéthedTBliposeelidsde §s0 Provi de
conditioned nedia to support the growth and mai ntenance of stemcells. It

i s taught tipiatedstrom r?a‘Fa‘E‘éFlF’é‘ saWacts preterably p dumay, suhiect ofirrefered-$puscecRf- cul t ure.

The adi posQdipbssHEuE Q% ioMSntal kApFe. CHl hemaRe e adifbst he tyPtaNpdsoifbd ivyvent i on
are 15 isolated by a varlettg of net hods known to those skilled in the art
3

such as dedigpiusten- i 1§ thasellpefthainyention afg e beirapwplantedyintg e humap sphiehit Bt at. In
a pref exor eGrdi®hil@ that e bdIPS:e tikdus b Bolaked 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

13



isolated froma manmal i an subj ect, preferably a human subject. A 09 MAY 2006
preferred-'source of adipose tissue is onental adipose. In humans, th

adi pose i swioyBbsaai¢ y 1 solated by Iliposuction. If the cell scofusbimssimventi on
are to be transplanted into a hunman subject, it is 20 preferable that the
adi pose tissue be isolated fromthat sanme subject so as to provide for an
aut ol ogous transplant. Alternatively, the transplanted tissue may be

al | ogeni c. AufesNANempéhiuted @f B¥NERL @2 1d 50°C) Prof@ivipdedter 307 B0, medtpose
tissue derived stronml cells, the adipose tissue is treated with

col | agenasePrsferadhift@dtrat i ons between 0.01 to 0.5% preferably 0.04 to

0.2% nost pref qpakk ¥nbthed Ymethéd/ BB lisdlafihg @AIPEARDJerFEd Himd) e @ mécharicd1 t O
0.5% preferably 0.04 to 0.04‘V§ m)st%ﬁreferably 0.2% at tenperatures

between 255YslsmEweh apfesiriedipl S BBhehiodtntz ¢ ah basedrus ysisrbissppiygd Br 37c, |
for per 'desinﬁgduch)%tdﬁ%gwg%&isgﬁe’%ﬁ ihfd ah atﬁﬁ}rﬂa%dl dla{h@é,‘asﬁlﬂpét%g beb\WeRhiAP M nut es

to 1 hour, nost preferak 45 mnutes. The cells are’passed through a nylon
or cheesec|Rhape pidsa disseaiating phassevheesin txptissne é egifteted an@oatad suenthat ther e

pref erabl y ggghgﬁge&nzggsge%@gpaﬁyqe?{eg o a g?ﬁﬁbﬁ;%fe?% ,gsylp ack 1P ucHlaGlNBe The

cells are then subjecte _ erenti e atiron directly’in nedia or
over a Fi cotdipase-derared selis ae isoleted fropes tissueisamnle, gresatying the celiylpsintpgrity of
centrifuge of between 100 to 3000X g, nore preferably 200 to
1500X g, rrgtgf%fos?lgfgéﬂ%bly at 500X g for periods of between 1 minute to 1
hour, nike pref ekdipdsp-derived ceHs rareygultered rhysmethbods disclpted B WS, (Pagenip. 2006 WO
03/ 040346 PRLTLURG 71 . C,
preferably %ét v’veeﬁ(h_g‘%ﬁlg] (K)c%%é{&ﬁg}é {&érf_)écgggrgg@{ayEegﬁll%%?cefsﬁﬁgcgtr%gtﬁg eﬁgr met hod
of i sol at i ngomdithen $issugarincleding thud pefl limpiséd to siromat bellsidsrived Gomthome.shood as
descri bed i 5 0 .Katz et ' S48 ed for 5
i ntroduci ngﬂgﬁd?apz)—ggé ’t%gg%g@g%g’e f?kstl%rﬁ al#%g‘g?%ﬁg%ég&gg\%%g’, gis%u jyaécti ng it
to a washi ninqeittemuscit dkeletal mysdeitendonsy uphilicel oprde prother sites, wilkbaapparentag)i t at ed

and rotat edo&tégmegnlaﬁmyae resulting cell suspension is collected into a
centrifuge-ready receptacle. In such a way, the adipose-derived cells are

isolated froma tissue sanple, preserving the cellular integrity of the

desired celh%bl AP ET IDeEided SlrbmafEfisCUl tured by methods disclosed in
U. S. Patent . ) : ed by reference). Simlar
techniques to isolate stromal cells fromother tissues, including, but not
[im ted Lo Stromle £l UG bR FOMEP OIS mdlOOP im0 e Al hiddBe
connective tissue, reskin, ['iganents, periphera ood, placenta,
20  irradiated at a dose that inhibits proliferation, but permits the synthesis of important
factors that support the embryonic stem cells. The details of such protocols are well know

to those skilled in the art.

25 IV. 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 celis.

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), Fit3-ligand, BAFF (novel ligand of
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snoot h nuscl e, skeletal nuscle, tendons, unbilical cord, or other SitheﬁAYZOUS

w il be apparent to 15 one skilled in the art. M Irradiation of
Adi pose- Dgy dﬁﬂ({’ﬁ tromal Cells The adipose tissue-derived $thrRiBsdet!s my
be irradiate e cells nust be 20 irradiated at a dose that inhibits

proliferation, but permts the synthesis of inportant factors that support
the embryonic stemcells. The details of such protocols are well know to

t hose skill Qlééﬁrﬁ %Pﬁ'ﬂ"]fp t r cogni zed
t hat addit |]g\ﬁ:a aﬂu%r}gone%}i ggt?rlgﬂl \éofa% de ﬁ %1 'tlﬁr%ét& Gegi gﬁ? t%m:é
conmponent s GIWF tﬁfdmlsarhqnb mmrptwsemapmm rﬁactcamenldclamﬂ gowt fagtas (BEF), gidnponent s
known to t EQ% e nedi a
may i ncl udtea% ?ie[df e{' hr ?fﬁ'gﬁfa %}wﬁ&\o c?@%%??%’ﬂ%% lﬂ ,aﬁ)gftﬁegrﬁﬁﬁ%au%rﬁ I L-22,
gr ?nul oc%/t éaetlahgn)@pihmg(@lso&hzr%y“a&;@smh E)lﬁ‘emcgnrt]rfalmnrtFcat::10(-63&/h€:;SIIl)‘an,Ih netngqgc%/t e (v
20 S AL Agelbess Pl ERIPEGAOREAY ShbRhal g et o
CSF), eryt hropo’l eI'é'p 3 r% % 't AFF (novel
[ gand of Tdctd, ztermaaenzgﬁmm@m Gﬁ&h&ﬁﬁnﬁ@@f&ﬁ@%ﬁ&&lmmmmetmm Ifgctérer B cel |
activating Qr [ 0 C b | .10 GDNF
famly), Dy ﬁ%ﬁ“ﬁ%‘g ‘HF?“E chfufi 4 %{ml‘b"%béu Bl E&‘&Sg‘ %‘%f‘épﬁ( EGF) ,
glial der ithredghn@GEF-08, rF@fhl&:thfmngh (FﬁF-ZOy FORatidict F@F-bamrldblamgethérrgrb\amanat ory
proteins ( haa osta als known as D|ffe nt|at|on
Factor-8), %J?lcg esﬁ fd °“§# 4‘"0‘]'5? at g] 19 u(!imgr
factorsio plwflm&naralusgi amtrimtélactb anhambq:rﬁiiferaqnm o nedireain, caidl to faamtanaf 1hest em cel |
rosi s fac

growm h fact 4 5 ne

Vascul ar EnJS? Lfﬁfe"{f‘?e ggte acé'r?)wg" ?r?&ojﬁé%{'%? ag‘f'c“g‘ﬁ ttSf %Et ors

i ncl udi ng ﬁ@%*—eﬂepeﬂdﬁrg)mgﬁlel-_ﬁetéﬂor $itam mmbhbwghd ByE - oi‘(punﬁ(}f-melfahms

FGF- basi c, %hﬁ)r r, OWt factors tok] nes nd ch whi ch are
wel | known eﬁertaﬁ% oP r%éqﬂl ° c‘i‘]’f}]i‘ 1 orzi‘r'{ﬁmi “\WhiCh S%P %lgegeqé"f’ﬂeeﬁﬂgt ely to
e_nhance pr ahoré esratw @ange, the anmhmlabet,weanw toc)ZOfnglmlIfmt EGEDb 4rhelIFd 'Rlegrdleﬂ

can vary abSBRnPae AR Roufar SO AP spoRh Al SRR PR o
purity of trhﬁmblacdemmmed (Eevnmreaéldxl}ﬁd Dv. thetant. 580Gchndgtermiratio dc Iperﬁanieorbyvm thin
between. 105 HsCebS BHREL "and M R ThiEn, PR B E WP EBRBPE e ot ua
anounts ar ekddrtmmily, toﬂﬂr Gaotorsredn dwbemtedttp@lntcmﬁmedwir 4bdlity ap eslmancd the -
routinely. gfgét%%%@”g J) A1 g %éll %ﬂferar?mnt Rg d%rcrlbed%%?ok‘v deé Jtﬁgrr}actt(!rr? nis

per f or med b
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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.titrating:the factors individually and in conbination until optinmal growh
is-..obtained. Additionally, other factors can also be tested to d&f émanige
their ability to enhance the effect of FGFb and LIF on ES &@M /36317
prol i f er at W§HO3/0A&4escri bed bel ow, such other factors, 20 &FYCOREPALti ons of
factors when used to enhance ES cell proliferation are included within the
above conpositions. Also, conpounds and fragnents of FGFb and LI F which
mmc the function of these factors are used to, enhance the growth and
proliferati ¢ L&F camasachy seeeengdyfon gfisasy asavellas I°§gaQWo°°H}P€qu§éP’iﬂfgcﬁ%’tf?ﬁ n the
scope of thexhfMethbRRal NrdrRENat i vely, FGFb and LIF are used to maintain ES
cells. The anobunts of FGFb 25 and LIF necessary to maintain ES cells are
nuch | ess than tKbe ipeestipn ealsor grovides e aneghod weth making pp orlpsirotestialo £St efllbecone
ES cell's. HQWR¥Ring btfinGfking a"BYwiiCentBciHednitRilt SPFEFS, GRS kind/dribhftiryofict hout
the addition of growth factors. Optinmally, LIF is added to enhance

mai nt enarice.eclofermespdls ginderregtihgropth penditionsn therehyemiakiag ¢ plpdpatentiak ESreelhe
source of t : ' ' ; .. ectoderm
el are uti{hoRmoRRChBALLR dfBSEE R R Rl o SRR BC) D e S
utilized ar ghgpreserseafitiyess fagiorsith produceeplurfpotendES epllst Ae noted alave,dypieadly thet ype.
However, FCE | F ' ol es.are | reened and

sel ected forcgg%?t%:dggﬁélém%\%%@%r? fﬁ#o&étﬁﬁ-dgﬁ@ﬁ% gt{;bgAea:({:|mgfs§'. Reconbi nant
fragnents of FGFb 15 WD 03/040346 0 2 MAY 2006 PCT/US02/36317 or LIF can

al 50 be {01 &pNEsh iR haéifilaid be % 1Bk 0RRvAl 4fh gIPOUNdS derived from for
exanpl e,” chem I des a net hod of maki ng

a pluripotential ES cell cbnpri sing adm ni stering a grow h enhanci ng anount

f FGFb, LIF, / |
condi 116n5, t hor B eiEBeel BEE prederd GhERL T B ot PISGuchEn bt el dhoer o
cell s and enbtoyigrtissueststivetbstromabéells suvhdhat the tissuedereedatromalrels ¢amythenew t he
f | ' .00t bove,
Pypi a1yt fEReE kAl B chibpleR e Seel bl ofiblese ool BhEHA" 11T, o
stromal el [for trab§dutionGatraadimsdvigié-daived stronwd cdlisdnclides thoseDehiclvegpras amynal

For e gn gendend s fic 15 B18 e LU na Bl ety S2eC1 1 o0 ©F

tissue-deri wepposted byrthe feedbrllgyecarry the new genetic material and can express

Lo adi pose t 1 ST ¥ fiscue e st co BE Mo i herk ey SEABRAUCT 00
(transduced or transformed or transfected). These modified cells can then be co-cultured

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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- (transduce

gene products which have a role in the growh and. proliferation of the
particular stemcells supported by the feeder |ayer. Thus, the 0 2 MAY 2006

ti ssue-derj omal cells are nodified with genetic matgniwlgQfs+ nt erest
‘Jﬂe‘ggﬂ@%’gﬁnsfor med or transfected). These rmdifiecr%::e‘ﬁ s can then be

co-cultured 20 with enbryonic or adult stemcells to allow for their
proliferation. The tissue-derived stromal cells may be genetically nodified

by incorporation,of . genetig material, into the cell.s, for exanpl.e using
reconbi nant expr §sf'§)sﬁe’93ré‘fe r STomal ¢ells (thys, s, haYeec'BW%gn% @é%?bé'éag?on
vector" r ef ganscriptiosal tunitrisio rchiviriossad] DNW br cannthe recombinamt temseeiptidnal odit (1) a
genetic elenent or el enents. having. ulatpory role.in, 25 gen ression,
for exanpl e HFUTRINERL cf’rreé‘ﬂﬂgﬂ’(!aég’éc? F%% RS F‘T’ é’&"ﬁﬁeﬁd wih ﬁ@ﬂgﬂ‘&?‘?ﬁéﬁence

whi ch is tr s ol ined) emdoding BPAlypepide Eﬁﬁ&%&bl&ﬁa@pko@ﬂﬂhﬁ&er@méeécg&y |
approprigte transcription initiatign and . termnination sequences. . Structura
ANl ts. i b enefREFoNiSE Kot i the i by ysrafa@ ’é%‘f“@&%ﬁe@%?‘é‘ﬁ’ﬁ A1BFB2 i ncl ude

a | eader segg%é?@e_enabl ing extracellular secretion of translated protein by
a host cell. ernatively, where reconmbinant protein is 30 expressed
wi thout a | eaderRegPVirysghdiony twhichqthentegoviral plaspniq yertogedesprited thersiy

net hi oni ne gdrRed MeiGde, Bt Sre MBEIIANSI FEMoRhey BMriROL edkemAUNIRR sifdth n¥crédieaved
fromthe expressed  reconbinant protein to provide a fij nal product. 16

03/ 040346 OVipus\geirovinges suoltes koys Saamy Vilme Harvey 2arepmg Yirus, aviag dgikosie| | s t hus

may havegi n{ig@! &ikina ap€CRIRIMIANVirus I RRsA" liRufSRficidRyt virds,0 agdhbermRsomal  DNA
or carry the reconbi nant transcriptional unit as a conponent of a resident
pl asmi d. CeMvelopraliferstive Sarcama Vagpsyind masmasy FHeer| vdiys deong exmbpodimenty

encodi ng a RebWREPEIEA vBdtoMis WIGIN, 8érived 88 InfurinGeinbsoiR ¥teRfeeff10i Nneered by 5
procedures known in the art by use of a retroviral particle containing RNA

encodi ng a pol yiFepwclsls aqighspqigneeyenseding Bis Robynentidents yoder Bei qontrol Afaas ni d

vectors desgfikhRehediesis. N Saftdble PRuoYEE whith! H4le be RHpIFEE iftflde! b 4r&Ghot O.
Mol oney Murine Leukem a Virus, spleen necrosis _virus, retroviruses such as

Rous Saréonbmijd tps TRAR peymoters adepavival rasamoters sheh| as ke senoyiralympigs latgyi hphon

ape | eukeni goMbletShe layﬁﬁ;egdimsqdmgir&ﬂ&&; Yile" KSpiraBtftF RPNCTidd Sviras (RSV)
Myel oproliferative Sarcoma Virus, and manmary tunor viruS. |In one
embodi nent ; Premater; the Rews Saggoms) premptgrs dnslgeible pramatgrs,Nuchyes thg MMTpMAEr i ne

enbryoni ¢ s{heMefbihfoneihfrombfel;Seat ot pRAMDHISN GRe SIBGAR MOmbRE ROAYELPt i de s
under the control of a
promoter; human 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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cationic | are Intro usion. e present I nvention
further maké&emonesg;aerewthl tactors, dratdx proddinsy celh ghamewanet proteins, cxiekinese gnddarr orral
cells in sugh g.NRRMLeL.Nat they produce, in vitro or in vivo, polypeptides,
hor nones and protelns not normally produced in the native tissue-derived
stromal cells in biologically significant anmounts or produced in snall

amount s.pgThese pf'ﬁ;dﬂ)’r@sfeﬁt MOUn 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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then be secreted into the surrounding nmedia or purified fromthe ceb&im&The
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These gené§°8§ﬁwg&press for exanple, hormones, growth factors,! matrik
proteins, cell menbrane proteins, cytokines, and/or adhesi on nDIecuIes. 20
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factor), artemn (a neurotrophic fac"t\lgl bel dnging to famly), bone
mor phogeni claptopt dnh el carowth, fagtplsd sansirmigosioily fetass: teremﬂ}ecrcglsl Bftorser | ved

neur ot r ophi ¢, {-a6GE Bdote); salmfafrf Wk FaclRE raf?cpﬁﬁﬂﬁla t;gfr&m@rnxlu@mg&:@#uﬁ) (al pha

and beta), nyostatin ovvn as (xo rentiation Factor-8
neurturin, thequghFGFoll RCEQ 6itbrowshrEGF-20, £iGa-asidieland; kasig figroblastierevh tfentar,

pl acent al gmﬂunesB?ﬁlte@fnbryghﬁ'sﬁhrc@ﬁmn@tnonsérgms&ﬁérformg@mOr stemcell growth

factors, transformng gro factors, tunor necrosis factors, Vascular
Endot hellfal Cel IPricr gy emmﬁnfs adipesg tissusrdetivedsstromaksiinere plated ata dersibudi ng
FG--4 of between 10° to 10° cells per cm? in stromal medium [Halvorsen et al,:2001, Metabolism

:50:407-413]. 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.
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 plucose 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 pM forskolin [Amit et al.
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t hrough FGF- 10, FG--16 through FG--20, FGF-acidic and basic fibrobl ast
growth factor. Measures of the enbryonic stemcell function are als02 MAY 2005
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ce

cel.|
adi pose ti ssoe- er‘?o\:}géssgff-f]ghm; I fresh medium C ones are expanded

and passaged 10 on the order of every 7 days and display a doubling tine of
appr oxi ngt ely 36 hours. Example 2
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 celis and cell

clumps are platéd onto the established irradiated human adipose tissue-derived stromal cell
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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 Modjfications
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 1L-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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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 ceils. Representative flow cytometric histograms are displayed also for
CD9, CD29 (B1 integrin), CD44 (hyaluronate receptor), CD494 (a4 integrin), CDS55
(decay accelerating factor), and HLA-ABC (Class | 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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10 factor (Fig 2). Actin signal served as a control for equivalent cDNA levels in each
reaction. PCR products were sequence confirmed.

The PCR results were confirmed at the protein level by ELISA assay (Table 2). As
shown, the stromal celils significantly increase their secretion of IL-6, IL-7, IL-8, M-CSF,
GM-CSF and TNFa within 24 hours following induction with LPS.

15 The cytokine expression profile of human adipose derived stromal cells from
multiple donors (Table 2} was determined. In these experiments, confluent, quiescent
adipose derived stromal cell cultures were 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,
20  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 o (TNFo) and bone morphogenetic proteins 2 and 4 t (BMP-2, -4) (Figure

25 2).
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Example 6
Fold-Expansion

10 The ability of human adipose-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 mononuciear cells
were lineage depleted according to the StemScpTM (StemCells, Vancouver, BC) protocol;

this relies on immunomagnetic negative cell selection using a cocktail of antibédies
directed against CD2, CD3, CD14, CD16, CD19, CD24, CD56, CD66b, and giycophorin

A. In the last purification step, the /i 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
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5 nyeloid long termculture initiating (LTC) cells. In the absence of
exogenous cytoki nes, adi pose-derived stromal cells supported a 5.Ul. MI\HU&S
expansi on of total henmatopoietic cell nunbers (average, n = 4 st r onal

donors, n = 2 UCB donors; range 2 - 9.4) (Figure 3). This corresponded to a
2.4- fold expansion of the CD34+ UCB cell popul ation (average, n = 4
stromal donors, n = 2 UCB donors; range 10 1.4 - 3.3) (Figure 3).

Modi fwga&tgﬂﬁ and ot her enbodi nents of the invention will be apparent to one
skilled in e art to which this invention pertains having the benefit of
the teachings presented in the foregoing descriptions and the associ ated

dr awi ngs. ;Ther gf t 1S to.he 15 r dgtha k nthon.i s not to
be limted to %hg&gpﬁ’g%{) iccgzmélﬁ% dia&nelﬁét@gcgiég%ﬁ%sg%nége(ﬁgt{eﬁa?mﬁogél]??%ati ons and
ot hercombipasign with & stemrcell,iwhewsingald adiposp &issperderiverberopiek q¢ll is qapable of genperting t he
appenEerlifrd fbiferatiohlahd RHIhatR 8 Fhiiisem @ ™5 are enpl oyed herein, they are used
in a generic and descriptive sense only and not for purposes of |imtation.
25 0 Z MAY 2006 WE CLAIM 1. A conposition conprising an isol ated adi pose
tissue-deni vedThd doRStiof 8 clairh I wheBIH e BBipdsOfissitd-dehivedl siblRiN¢ld Humaivher ei n- sai d
adi pose tissue-derived stromal cell is capable of supporting the in vitro
proliferation and mai ntenance of said stemcell. 2. The conposition of claim
1, wherein.t h?‘l‘lﬁ?écﬁﬁ}ﬁﬁitiohsﬁuﬁaideﬂ whdresi EQiRhowdeEdnelis rﬁum&ml i:m’ﬁ.bgérrhe
conposition.of claim1l, erei n exogenous genetic material has been
intrd’&f[?é‘%cﬁgi“ﬁcf%e?‘ﬁ%ﬁs iR LM isg%"ﬂaé-cagri ved stromal cell. 4. The conposition
of claim1, wherein the adi pose tissue-derived stromal cell secretes a
protein. 5. The conpositi .of clai.m 1, wherein the protein secreted is a

gr owt h fagt or,ﬁclfay °%B%f§“?°g$ma‘m}”l" pr 5tthe‘°’iarclhpﬁ‘q’r‘;’ot’r(?'iv’)utei'dtﬁrcjvefi Pf{emnﬁg(%%l}?er ation of the
stempoddid. . 6. The conposition of claim11, wherein the adi pose tissue-derived
stromal cell is irradiated. 7. The conposition of claim1, wherein the stem
cell is enbryonic in origin. 8. The conposition of claiml, wherein the stem
cell is adul t Thcampogjiion of QlainTh evhengimplepgiretein secreted dd agrawth faoineaytokine, ohe st em
cell _j . rising neuronal stemcell, liver stem
cel | ,ah %@%@?@ﬁ%@%ﬁ%@%%ﬁ@l cal cord blood stemcell, epidermal
stemcell, gastrointestinal stemcell, endothelial stemcell, nuscle stem

cel |, mesgnchyfRlcompRmbitdthinfl) SherR@RCLERE thnRldefed Strdmal kil is ithagRi NOd for the
grow h and mai ntenance of cultured stemcells conprising:

7. The composition of claim 1, wherein the stem cell is embryonic in origin.
8. The composition of claim 1, wherein the stem cell is adult in origin.
9. The composition of claim 1, wherein the stem cell is selected from the group comprising
neuronal stem cell, liver stem cell, hematopoietic stem cell, umbilical cord blood stem cell, epidermal
stemn cell, gastrointestinal stem cell, endothelial stem cell, muscle stem cell, mesenchymal stem cell and

pancreatic stem cell.

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

i) isolating adipose tissue-derived stromal cells; and
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i) isolating adi pose tissue-derived stromal cells; and 26 0 2 MAY 2006 ii)
culturing said stromal cells in culture nedia with said stemcells.(i1May Tis
met hod of claim 10 further conprising culture supplenmented with growh
factors, cytokines and chenoki nes. 12. The nethod of claim 11, wherein the
grow h factors, cytokines, and chenokines are selected fromthe group
consisting of |leukem a inhibitory factor, IL-1 through IL-13, IL-15 through
IL-17, 1L-19 th oug L-22, ul oc [ ny stimulating factor
(GM CSF), gr an ocyf¥ l“"%slalgn%‘”g{] %Fé’l’ﬁﬁb‘“‘?‘%c‘@&ﬁg%ﬁ’&% macr ophage col ony
stimulating factor (MCSF) eryt hr opoi et i n (Epo) t hr onbopoi etin (Tpo),
FIt3ligan B v, i otein
factors, cej%l de?ﬁnéa etﬂ%)‘%/\f/t Fmﬁé%f E‘@—S&l fup@grggn&%%l%e%%@rf%b rc factor,
Iyrrphmoamtamdchmbm@phage i nf | anmat ory pr ot el ns, myostatin, neurturin, nerve
growth factors, platelet derived growth factors, placental growh factor,

pl ei otrophin, stemcell factor, stemcell growh factors, transform ng
growt h fad2or s The methed Abelsimslils Whaseir dhegrows deiorsasytakines tané Fhemokines are Gr owt h

Fact %@Qete@ﬂgnftﬁeb%&m Qs gMehkenﬁ@ﬁm;t&?( R@E- BCi g Fmdlmﬁw thédgf Obl ast

growth factor claim \/\7nere|n rowm h factors,

cyt okfriésLalfdbrersbnbi? neranulosytp marePhagracolny pisnuaing SetopiOMLSEs galacin cel | s.
14. Tda@nﬁammn factor @3 USIﬂ)lmadeﬁ:Ig@|cBloh§|‘é‘tnﬂﬁl@t\Mghfaf:tﬁﬁmfcssF)megﬂﬂﬁn and

chenpki ne e differentiatjon of said stem cel The net hod
of ar{Pof 31&%%%@22) F\mL&aefl i el activanefactas: ag&ewmqnee@mhgg%@f?tw adi at ed
p (r) [ il’fadt&s ,C bfidiedeadl N GrowiH Waét&el(BGEIn ﬁl&il:c aenr\;b&@ netffroplit hﬁehof;f Iyaipo@éting | ﬁl gs f

reln sal ste cells are o e r t ho (0]
any d?ac&‘? a@“’fg“ %u“ﬁ‘?“’%%‘l“d“%‘f"é?ﬂ’ BEY ‘ﬁtﬁéaci?fs Ba‘ﬁ‘ﬂ J"'B?fﬁdgﬁ"ﬁ”tngm 0 2 MAY
2006 fidBors 'Elneenmrgiwnh thf:toalp;emfrﬁplmi anem&ellﬂacﬂ:ﬁ stevm@tl@rmls Sictbrss tramfonﬁhg S are
sel ect edy &l &fnorn anl”?ac%m”? fkr%d&ﬁéh P(g w%rﬁacctg' ! S? flbrob\fe{ gm cel |'s,

em ce FF I ca cor 8 [ﬁr

emat%pm erie” s Sten ce ermal stem
cell s’actcgsaEGF-mldltedfoasneﬂbrOblaemowdifh@qr endot heI [ aI stemcells, nuscle stem
cells, nmesenchymal stemcells and pancreatic stemcells. 19. The net hod of
claim 10-15, wherein the stromal cells are isolated froma source
conpri si nép-adi pbes methpd ofislain( |, Fheseinghe exgwtlf fagiars, eftolghegiand chemakines wher ei n
the iRl &8 idEi-RR86n ifs2d WemdQll ved stromal cells are genetically
engineered to express a growh factor, cytokine or chenol dne.

14, The method of claim 11, wherein the growth factors, cytokines and chemokines inhibit

the differentiation of said stem cells.

15. The method of any of claims 10-14, wherein the isolated stromal cells are irradiated
prior to culturing with the stem ceils.

16. The method of any of claims 10-15, wherein said stem cells are of embryonic origin,

17.  The method of any of claims 10-15, wherein said stem cells are of adult origin.
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21. The nethod of claim 20, wherein the growmh factor, cytokine, and
chenoki ne are selected fromthe group consisting of |eukem a inhibitory
factor, IL-1. through IL-13, 1Lr15 through IL- 17, 1L-19 through I L} 2BAY 2006
granul ocyt e nmacrophage colony stinulating factor (GW CSF), granul ocyte
colony stimulating factor (G CSF), nacrophage colony stinulating factor
(MCSF), erythropoietin (Epo), thronbopoietin (Tpo), FlIt3ligand, B cell
activating factor, artenin, bone morphogenic proteip factors epj der mal
gr owt h fact”gr (T%@F—*)e, OSI"{E]&PY BEFI?‘%dOHQU?’g‘T"?"&ﬁHEEWPa o] SPE??{%B'P‘BA‘? n,
MACr Oglhag Compritihg AdakOiam Elle Rt tsem UQ BEmdtdpdietio rbth lcells] Wmbikkar soed ploeiM h

factorgs atel et derived growth. factor l.acental growth factaqr,

b1 61 o shisnericPhgh el 9o gepSiesisp CNFrC et cpROREN Yot Ssele 586 ng

gr owt mesehetyinalseem deliamtd paeeehiisdtesn dellet or s, Vascul ar Endot helial Cell G owh
Factors, and fibroblast growh factors, FG--acidic and basic fibrobl ast

gromh factor. 22. The nethod of claim 18, wherein the stemcells are
mai nt ai ned% n afbaumethéd ef daimi - Edl whtminethe 2Bomal leellsnap¢ voldtedfframt aisonrde8, wher ei n

t he SE&HBmFsﬁl'glaﬁipS‘sfeeiisglieffer entiated in culture. 28

20. The method of any of claims 10-19, wherein the isolated adipose tissue-derived

stromal cells are genetically engineered to express a growth factor, cytokine or chemokine.

21. The method of claim 20, wherein the growth factor, cytokine, and chemokine are
selected from the group consisting of' leukemia inhibitory factor, JL-I. 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), erythropoictin (Epo),
thrombopoietin (Tpo), FIt3ligand, 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 Factors, and fibroblast growth factors,
FGF-acidic and basic fibroblast growth factor.

22, The method of claim 18, wherein the stem cells are maintained in an undifferentiated

state.

23. The method of claim 18, wherein the stem cells are differentiated in culture.
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