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glucagon-producing a-cells, insulin-producing B-cells, pancreatic polypeptide-producing

v-cells and somatostatin-producing §-cells (Henquin, 2000, Diabetes 49, 1751-1760;
Slack, 1995, Development 12, 1569-1580). During development, these distinct cell
20  populations are thought to arise from a common stem cell precursor associated with the
pancreatic ductal epithelium (Rao et al,, 1989, Am. J. Pathol. 134, 1069-1086; Rosenberg
and Vinik, 1992, Adv. Exp. Med. Biol. 321:95-104; Swenne, 1992, Diabetologia 35, 193-
201; Hellerstrom, 1984, Diabetologia 26, 393-400; Gu and Sarvetnick, 1993, Development
118, 33-46). The precursor cells, through a series of stepwise differentiation pathways,
25  acquire properties of the various cell populations. Early observations indicate that the a-
cells are the first detectable population of the islet followed sequentially by the B-cells, &-
cells and y-cells (Slack, 1995, Development 12/, $569-1580). The islet forms along the
ductal epithelium as a mass of §-cells surrounded by a- or y-cells and interdigitating 8-
cells. The immature islet then migrates to surrounding acinar tissue and is vascularized

30  (Slack, 1995, Development 121, 1569-1580).
A primary function of islet cells is physiologic nutrient homeostasis. For example,
normally functioning B-cells synthesize and secrete insulin to maintain blood glucose

levels. This is accomplished via an endogenous glucose-sensing apparatus that is linked to
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2006 donor material; 2) requirement of major surgical procedures and 3) the need for long-term

immunosuppressive therapy with short-term benefits. Similarly, islet transplantation is

only somewhat effective. This process involves isolation of islets from a donor pancreas

and injection into the portal vein. Moreover, this procedure involves multiple-injections

25  requiring several hospitalizations (Serup et al., 2001, BMJ 322, 29-32; Soria et al., 2001,

Diabetologia 44, 407-415). In addition, these patients must also undergo intensive

immunosuppressive therapy. Furthermore, as in pancreatic tissue transplantation, isolated

islet procedures also suffer from greatly limited donor populations. Studies using

xenografted porcine islets are ongoing, however immune-rejection with this approach is

30 still a significant barrier (Serup et al., 2001, BMJ 322, 29-32; Soria et al,, 2001,
Diabetologia 44, 407-415).

Taken together, the above data suggest the need for alternative cellular therapeutic

approaches. Along these lines, both murine and human-derived pancreatic ductal stem
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in the heterogeneity of the cell populations growing in the culture, the difficulty in

normalizing insulin response to parameters such as protein or DNA content or long-term

25  exposure to high glucose levels in culture. Thus in order to utilize differentiated p-cells, it

is nmecessary to demonstrate that the differentiated cells possess stimulus-secretion

coupling for insulin. HES cell therapies also suffer from the potential high risk of teratoma

development,

The pancreas itself is the source of islet progenitor cells. WO01/23528 to the

30  University of Florida Research Foundation disclose the use of islet progenitor cells grown
in vitro for the implantation into a mammal for the in vivo therapy of diabetes.

" Differentiation of pancreatic ductal-derived stem cells or isolated embryonic stem

cells down the endocrine pancreatic lineages are characterized by expression of specific
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The key biological actions of glucagon converge on regulation of glucose
homeostasis through enhanced synthesis and mobilization of glucose in the liver.
25  Glucagon receptors are also expressed on human islet B cells ‘and contribute to the
regulation of glucose-stimulated insulin secretion (Diabetologia 2000 Aug;43(8):1012-9).
Glucagon generally functions as a counter-regulatory hormone, opposing the
actions of insulin, and maintaining the levels of blood glucose, particularly in patients with
hypoglycemia. In patients with diabetes, excess glucagon secretion plays a primary role in
30 the metabolic perturbations associated with diabetes, such as hyperglycemia. A major
problem in diabetic patients with repeated hypoglycemia is the development of defective
counter-regulatory responses that include reduced or absent glucagon responses to -

hypoglycemia. Hence understanding how and why the autonomic nervous system and
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lipolysis in human adipose tissue. However, older studies had been contradictory, with
some reports affirming a role for glucagon in human adipocyte lipolysis. Human glucagon
and vasoactive intestinal polypeptide (VIP) stimulate free fatty acid release from human
adipose tissue in vitro, whereas other experiments failed to show significant effects of
25  glucagon on lipolysis in isolated human fat cells (Int. J. Obes. 1985;9(1):25-7). Glucagon
withdrawal or physiological hyperglucagonemia in vivo did not produce significant
changes in palmitate flux, an index of lipolysis, in normal or diabetic human subjects (J
Clin Endocrinol Metab. 1991 Feb;72(2):308-15). Similar negative findings were reported
recently, wherein 7 healthy male subjects were implanted with indwelling microdialysis
30 catheters in the abdominal wall, and the effects of glucagon infusion on interstitial -
glycerol, and plasma glycerol and FFAs were examined. No effects on glycerol or free
fatty acids were detected with systemic glucagon infusion, with or without exogenous —

glucose. (J Clin Endocrinol Metab. 2001 May 1;86(5):2085-2089). Similar negative
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proceszﬁgngugléga eaem;{gg? nized to be influenced by somatostatin include

hor non secretion, 20 neurotransm ssion, cell
proliferation, snooth szcI e contraction, nutrient absorption and

i nfl ammat i g—lorrm gs and peptides regul ated by somatostatin include growh
hor none (C)ﬁi} ®-stinulating hornone (TSH), prolactin (PRL), insulin,
and substance PSoﬁﬁ)ostaﬁ@ﬁﬁh@&hdﬁgéﬁbu&fﬂepﬁdeﬁpﬁohﬁ:eﬂunqiah@mtaofddimmﬁllé mﬁmrtant
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growt h hor suI I n an ecreti oerk et, al Sci ence
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somat ost ati n, thera§>8@E CS in hese ar.eas n the central nervous

syst em (ONSYided W‘fs aEBee%H‘%er?‘E és’%lﬁg‘f;ﬂﬁé‘?ct?%?ﬁsc cusrEnh, FRGPERIASH 1 ¢
cogni tive funchflgensed I8habinktditatinPhiacloge ohargibaal ande peptide fAA@1 ,sedtdtion?03- 215)

20  neurotransmission, cell proliferation, smooth muscle contraction, nutrient absorption and
inflammation. Hormones and peptides regulated by somatostatin include growth hormone

(GH), thyroid-stimulating hormone (TSH), prolactin (PRL), insulin, and substance P (SP).
Somatostatin affects the function of many important biological systems such as the

endocrine, gastrointestinal, vascular, and immune systems along with the central and

25 peripheral nervous systems. In the endocrine system, somatostatin plays an important role
in controlling growth hormone, insulin and glucagon secretion (Koerker et al., Science
1974, 184, 482-484). The effects of somatostatin on the gastrointestinal and vascular
biological systems have led to clinical applications for somatostatin therapeutics in both of
these areas. In the central nervous system (CNS), somatostatin appears to be an important

30 regulator of cognitive functions (Schettini, Pharmacological Research 1991, 23, 203-215)
and, in specific arecas of the brain, appears to act as a neuwrotransmitter or as a
neuromodulator regulating the release of neurotransmitters such as acetylcholine (Gray et

al,, J. of Neuroscience 1990, 10, 2687-2698) and dopamine (Thal et al., Brain Research



and, in specific areas of the brain, appears to act as a neurotransnitter or
as a neuronodul ator regulating the rel ease of neurotransmtters suth MAY 2006
acet yl chol I‘fﬂé Sgﬁ‘é’ et al., J. of Neuroscience 1990, 10, 2687-2698) and
dopani ne (ThAME&P*E) . Brain Research -6 0 3 MAY 2006 WO 0FCFEEAES3PLT/ USO2
/3 6 3 7 31986, 372, 205-209). In the peripheral nervous system (PNS),
somatostatin is present in catecholam ne containing fibers and in sensory
termnals together with substance P (Green et al., Neuroscience 1992, 50,
745-749) and9%¥g1382,t2951208}. bintth¢ periphemlohereame systah (NS ) atcewtoswfif ésqiresentSnLi ke
somatostatin_j | f: t. | I wi de
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endocri ne, egast¥airoscestd 282, 5025656148y and acts e inhbiNSheiancledNands yrsdiered. A hi gh
i nci dence of omatostatin receptors has al so been denonstrated in a variety
of human turerchzs.' Neur oendocrine tunors are one class of tunors that exhibit
a high density oLikkomiiosmrtn litgelf Gomatobtutin SexaFde diagt ibBen RESPEDKS a wide
Functional ly active neuroendocyine tumgr resent with clinical synptons
such as gas%(’f"i‘%rﬁte E{alomde] gCSﬂag@?‘ndg;g?FﬁngdgosFotbglﬁ%%it\‘?e“}‘?of’ 'é‘¥°’r el ease
fromthe tugdtrofi@dstinal Suedeulay Niatreurs, ONS, badt PESiItHstehir ONOhigh ARAdeasd aifi N
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neur opept i deNeXrobmitictive Qinof D¢ ke Gass bf fubdofs thet SKRBIWA high defsityl T AHCESHaES -
physi ol ogi cal . mechani sm of thi shllg)eptl de. PP is known to exert effecis
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di gestive eRpyp®SyMptdms MthR bastihoRi aa@gM@%_@ha DY S Shietdib:akdsAO horlttng  ef f ect
of PP is thought to occur through both a direct effect on the vagus as well

as a cent r alelfes fFomdheaoptrllsurhimpiansmat be trpated drgughsamatosialin recepigip| ex and
t he arcuat e ;pualigds (Deng et at Brain Res 2001; 902:18-29). Through its
vagal nerve actions, PP is also thought to inhibit insulin release. PP also
appears to inhibit the islet cell hypertrophy that is observed in

non-i nsufsi n rdepaRAGHE Pdiypbsidec conditions. 25 Circulating levels of PP al so
exert an effect on the I'tver and lead to a decrease in hepatic glucose

product i on. ThusPangeaiedpatsls aredioppiqriggretrarpacraaticaroyPeRiide P) it ient - of
non- insulinp fepepdene HuplpeheR YRty 8SproMinsNABnEHKHAR 65 ROME pRzisef St-em
Cells 30 Adult cells have_shown the ability for differentiation._ For _
exanpl e, r e@BYfiolegicalmeshanisa of BhiniBpsds afBdS kRews foexart effestsi direety B theone -
mar r ow- der i yedreat b9 MRAibRRL Ithe trdA0QF Pancreatic digestive enzymes via inhibition on
20  vagal nerve stimulation. This effect of PP is thought to occur through both a direct effect -
on the vagus as well as a central nervous system-mediated effect in the dorsal vagal
complex and the arcuate nucleus (Deng et al Brain Res 2001; 902:18-29). Through its
vagal nerve actions, PP is also thought to inhibit insulin release. PP also appears to inhibit
the islet cell hypertrophy that is observed in non-insulin dependent diabetic conditions.
25 Circulating levels of PP also exert an effect on the liver and lead to a decrease in hepatic
glucose production. Thus, administration of PP may have a role in the treatment of non-

insulin dependent diabetes mellitus.

V. Nen-Embryonic Sources of Stem Cells

30 Adult cells have shown the ability for differentiation. For example, recent studies
have demonstrated the specific ability of bone marrow-derived stromal cells to undergo
neuronal differentiation in vitro (Woodbury et al. (2000) J Neuroscience Research 61:364;
Sanchez-Ramos et al. (2000) Exp Neurology 164:247). In these investigations, treatment



neuronal di.fferentiation in vitro (Wodbury et al. (2000) J Neuroscience
Research 61:364; Sanchez-Ranos et al. (2000) Exp Neurol ogy 164:247)()3 m
these invegd gasiopes, treatment -7 WO 03/039489 0 3 MAY 20 Pﬁiﬂ'//gg E%@%
of bone marrow stromal cells with antioxidants, epidernal ow Po

(EGF), or brain derived neurotrophic factor (BDNF) induced the cells to
under go nor phol ogi ¢ changes consistent with neuronal differentiation, i.e.,
the extension of long cell processes termnating in growh cones and

filopodia (¥obrmsmagontstramal ellppi aptinudpntssenidsanal growbsiacipt (EE): @duain
Sanchez- RanB§ived nélrotrdpRR0A3 o FDNE AL QRE Yhel Gt %EﬁdcrgW nRffHoldgRMNbhandelese

agents induced the expression of neuronal specific protein including nestin,
neur on- spe@QnFiSfGﬂteW@hawquE)fferﬁé@hm| ieanthat eptersigr- Wf longe sl prpRessche nerve
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| i neage. U.S. Pa@én nﬁ% gggg‘%ﬁ"t Sifig 4% %@?‘LF% aﬂ&@??%’egg'é"gﬁ%oﬁ%d of
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t her eof 13 ntgea[y&bm@htﬁ,gpms& teldliEulfies ea1Ghwitkel | 1 neage. The patent al so 25
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Cont act w tFinel® BBST pEeRcel Inags S PHBMeSHymadaesenchmal, fiyp colls
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20  cells into a single particular lineage.

U.S. Patent No. 5,736,396 to Case Western describes a method of inducing ex vivo
lineage-directed differentiation of isolated human mesenchymal stem cells which includes
contacting the mesenchymal stem cells with a bicactive factor so as to thereby induce ex
vivo differentiation thereof into a single particular mesenchymal lineage. The patent also

25  describes a method of treating an individual in need of mesenchymal cells of a particular
mesenchymal lineage which includes administering to an individual in need thereof a
composition comprising isolated, human mesenchymal stem cells which have been
induced to differentiate ex vivo by contact with a bioactive factor so as to thereby induce

ex vivo differentiation of such cells into a single particular mesenchymatl lineage.

30 U.S. Patent No. 5,908,784 to Case Western discloses a composition for the in vitro
chondrogenesis of human mesenchymal precursor cells and the in vitro formation of -

human chondrocytes therefrom, which composition includes isolated human mesenchymal



30 U.S. Patent No. 5,908,784 to Case Western discloses a conposition for the
invitro chondragenesis of human mesenchynal precursor cells and tktf Mr&
vitro forn§; (ﬁﬂl%%lfﬂ) human chondrocytes therefrom which conposition ?1 [T 113
i sol ated hihte senchymal -8 WO 03/039489 0 3 MAY 2006 'UEB3pHE373
stemcells condensed into close proximty as a packed-cell pellet and at

| east one chondroi nductive agent in contact therewith. The patent al so
descri bes a process for inducing chondrogenesis in mesenchynal stemcells
by cont act istgm nele nakigmed ist erlosecrbkimityi 4sha aaad&edrnéﬂqieﬂekumid wieleagente in vitro

wherein the,st els are.condensed i.nt o proxi.mty as a.packed
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t hr ee- dISrTerlﬁés@Ip&unﬁxlt)a:{m\@Qcﬂdédearm&ed of a bioconpatible, 10 non-living
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spaces bridgedhy. Pdiat Slor 6,968, 741elol Sdvahbed Iieduembxeﬁdeaoindl disdl®38£5 liding
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celI's into deafdctit@gisue UprSteinPana@hiiyNgecr&red 51315t§oa1aA@wel&£bhérd 36 UgdSci ences,
Inc. discloses a tubular, 15 living strogal tissue prepared in vitro,
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t hr ee- di nensi onal t ubul ar, framewor k conposed of a bi ocorrpatl bl e, non-living

material  HABehbY thesiemplicells. Thepatent o dhsipsena composition fef Sroing Jiewy, s,
Pat ent No. c@rtﬁa?% Z&ﬁprfsﬁlgAﬂx‘é@:H@}%aT' sheht! &cefi€ 1 IR NE Gfdiyntenie - cAHAGCEIRBR Forstronal

20 cell based three-di nensional culture systemderived form pancreatic
par enchy malPreliffiatdon ang diffsreatiatinn of thejcglisigtocprtdagg! ti ssue framework. The

stronal cel I's cays.ipiedntING. 418631931 G8lAdvEREE THSEd SoienRds2GRNERbISRS al tBbular
rresencg%lsf | stemtells or fetal cells. The culture systemis thus used to
u

provid BingosTomyl Sise pEpied ip jvilky comptising gEomalgells and conpeegve tissusnt  No.

5,811, 094 tpokhb ﬁatﬁrad)ewetéaeo@ the M@@elefanwh@aitbcanegu@stmmﬂye&hemsm 45 tissue
t hat includes produci ngq connéctive tissue in an individ in nee% thereof

by adni ni $hegdispnsiena dybylar Framewenkagompoed| of ﬁo?lé‘wrpa@fﬂ@)rﬂ%h‘ﬂ% mrggalhuman
msenChymlhﬁfnﬁmtergtﬁlal@a&’é@bﬁﬁbeﬂ%yﬁkﬁ%&ﬁﬁﬁ@éllirom human bone marrow and which

i s substanti al free of

.S. Patent No. 6,022,743 to Advanced Tissue Sciences, Inc. describes a stromal
20 cell based three-dimensional culture system derived form pancreatic parenchymal cells
cultures on a living stromal tissue framework. The stromal cells can include umbilical
cord cells, placental cells, mesenchymal stem cells or fetal cells. The culture system is

thus used to provide functioning pancreatic tissue and organ material. -
U.S. Patent No. 5,811,094 to Osiris describes a method of producing a connective
25  tissue that includes producing connective tissue in an individual in need thereof by
administering to said individual a cell preparation containing human mesenchymal stem
cells which is recovered from human bone marrow and which is substantially free of blood

cells.

U.S. Patent No. 6,030,836 to Thiede et al describes a method of maintaining
30 human hematopoietic stem cells in vitro comprising co-culturing human mesenchymal

stem cells with the hematopoietic stem cells such that at least some of the hematopoietic

stem cells maintain their stem cell phenotype.



U S. Patent No. 6,030,836 to Thiede et al describes a nethod of nmintaining
30 human hemat opoietic stemcells in vitro conprising co-culturing hgymv 6
nesenchynalwﬁli’%gtggﬁl s with the hematopoietic stemcells such that at eagﬂtﬁ
sone of the henatopoietic stemcells maintain their stem d&YVYREMEype. -9
WD 113/1139189 0 3 MAY 2006 PCT/US02/36373 U.S. Patent No. 6,103,522 to
Torok-Storb et al describes an irradiated immortalized human stromal cell
line in a conbined in vitro culture with human hemat opoietic precursor
cells. WD 960266UA1 BatehtUNS. GHBSAL o Tomksitorbo40 alo dasoriksk- St omntadisted al

descri bes %Q&@e&%gﬁgﬁg&@‘ﬁf z%lg%g’;@;gcaelcl)m%@@%tﬂ% %Hﬁrg.a%ﬂh human

hemat opoi esI's 5to rphogen descri bes purified
pl euri pot enhemaneméticpysratsorsdelisn cel | s, which are substantially free of

nmul ti nucl eat ed i | peage- j{te nd ich ar .
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pr edom nant hiyménd iiunehiaa-stvis&omglldemimeﬁﬁht mthﬁnal\iﬁnentbpfichihl rrust:I e nor phoggnic c 10
protein in tiss culture i ntai.ni ng 10%fetal calf serum an orm
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]cc:ont ract whﬁfesahan&rml gl ceild, blhicmaﬁe(?d!d_ lBstiﬂﬁ&Wﬂ_&%ﬂrﬁul%%le?kﬂln@ﬂgbnlﬁt?lﬁfcagdﬂhl b{/&) ory
actor in tissue culture with nedium contaj ni ofetal calf serum

00/ 43286 t 0 PBRHEHER ﬂﬂ%}ﬁgwwr@@@e}ap&@ﬂ%%@awﬁ% fEvSREY @ lem 15
celI's to trewg ckifofif PrdahinaRiyVEHishl 16 tQRWaARA céntiBddAth BhscRini@pRdgasic
differentiation of _bone. marrow stronal cells. WO 98/ 20731 to Gsiris

descri bd¥ aPiREdBRisyregulthis Jagdim, erniamng Fie ftal salt serumsad formamedortnasdy hod of

i sol ating MfafictadSRekiabRsted bhchufd! @hte ShonRAISIY Qmrh@Swhieh conttedt With
megakar yocytes. 20 WD 99/61587 to Gsiris describes human CD45 and/ or

fi brobl ast EWeClEvERiioRsHaProter apd e | iahibitgry dagter7natissus erlfugg with Teediel ogy
descri bes t Bgdigifg Ph% NS aFRELAW and bl ood- derived stemcells cultured and
differentiated in vitro into pancreatic-like cells. WO 01/78752 to the

Uni versity of TeW%%{é%?éﬁit‘b&%ﬁ@qﬁ@nwélvefsnhém%m%%w ofripesapchymal ie 2 25
pancr eagsf okeifs6 wkdt GRL RRAI RfvoBANEERnHG ISR SefiketintdQigtETiatid 16t BoE N ques
described in the preceding paragraphs rely on sources of precursor cells
such as bon®apayseemalisas-are difficult to obtain as well as being pai nf ul
for

WO 98/20731 to Osiris describes a mesenchymal megakaryocyte precursor
composition and mcthbd of isolating MSCs associated with isolated megakaryocytes by
isolating megakaryocytes.

20 WO 99/61587 to Osiris describes human CD45 and/or fibroblast and mesenchymal
stem cells.

WO 01/079457 to Ixion Technology describes the use of bone marrow and blood-
derived stem cells cultured and differentiated in vitro into paocreatic-like cells. WO
01/78752 to the University of Texas describes the use of neural stems implanted into a

25  pancreas for the treatment of pancreatic disorders.

However, the techniques described in the preceding paragraphs rely on sources of
precursor cells such as bone marrow that are difficult to obtain as well as being painful for
the donor. Therefore, an object of the invention is to provide a cell, material and method
to assist in the treatment of endocrine diseases of the pancreas.

30
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t he donor. Therefore, an object of the invention is to provide a cell,
material and nethod to assist in the treatnent of endocrine di seaskéMif 280fhe
pancreas. 3§o\§o%34039489 0 3 MAY 2006 PCT/ US02/ 36373  SUMMARAYc Q56 4E

| NVENTI ON The present invention provides an isolated adi pose ti ssue-éeri ved

stromal cell isolated froma human or other manmal induced to express at
| east one genotypic or phenotypic characteristic of a pancreas cell, and
preferably, an endocrine pancreatic cell. 5 The cell can exhibit a property

of a gl ucagon-produci ng a- cePVMMARY| QR ITHENMENEION ce | pancreatic

pol ypepti de- pr odugé Peksdmt GRvdntioh pRoviREBhOsdlatd RdPERAtELANGeres Slrbmall del1a
preferred enbodinent, an insulin-producing (3-cell is produced. The cell of

the inventi dfPleethirp@ 2 hyrmrceioter mammal BAYGA e Cxprossi 4t rlgashpeyengfypic or

i npl ant at i orppfrRidctapklefRlc of SanGRhd ceflf anldRefb@M§NAd QRICGHR faRcrbdie QEIPOT at ed
into a two or three dinmensional” 10 structure to create an i nplantable or

i npl ant ed® mekheickl] cansexdiéio piopeltyl of mglpeagerepratlycinget-ooll, insElie-ppdugiemB-celhvent i on,
for exanple, provides a. methad.for capsul ating the.ditf nti at.ed

i pose- der KBk BES PR RIS Lo STRRP Babb elial i 5oF R g o
conpat i bl e vénibddindefita 8is pls@id-plod@ding Picell & produded., The edlEsBdhk m@ntidh @A .be The
encapsul ation material would not hinder the rel ease of proteins or hornones
secreted by ‘f"ll’r@edéﬂidff%@-“a'él"i’ VEd °é€@ﬂrﬂml§?‘5ffﬂ°_8é?t?§l’i@"br differentiated cells.
The materials usegs céinel HdeinbetioRcBn BOtindolpdtdi@dintPa t#8!dr AR dirfGifsiodat | ves,
hydr ogel s, cal ci um al gi nate, agarose, hyaluronic acid, poly-lactic

aci d/ pol - gFTYERF e Cragse gn HaRipvahls Qeispianted mags, As dospubeddn Mg deiaikbelatent i on
can al so be @RpRLLE fHvbiticANSk Qﬁa‘r‘r{p@éj PP&id’e@&inHﬂ@d £of QRGP AITing YR EntiaRUEr | al |

I n one enbodi ment, a vector is enployed which is capable of integrating 20
the desired ajipae-deeiveroprtstann collst dvediffesentiaied (cpliscir obipmeieeial qompatine siter r ed
ermbodi ment , t}aﬂ?pldm&ﬁi&&ﬂl‘t@%gg@gﬁé‘f»i(-)e]‘feréﬁfa QhﬁHlen‘?%ls%nda?sdle{%%ﬁ%!'rﬁit@&ld fdto a

plasm d or viral vector ! autononmpus replication i1 n the recipient
host cel|. Aisderthe eelagpeief pyeipingenhognones secetad bydhe wkiposerpriveg edulf stom edllss

pur pose. 151 &f: alifichu Rl AHO! I eV RELAHIS wbeC liflRe ' X ABPlifhited 8 ollhdtn ViT uS,
SV40, retroviruses, adenoviruses, adeno-associated viruses and a variety of
25 conmer ci dlefiyatiggsa hydipgels, calcimgnaldinpia.saggrops myalnroais acids pelyslpelis agislnob-s t hat
are famliargffyc IRORAVEIRELISRFRD I n the art. Once the vector or nucleic
aci d nol ecul®@ has been prepared for expression, the DNA construct(s) can be
i ntroduced into &ke egliprtdin ingendion an alaebd gepgticaliv gngiteeredya iicdy exsfgerauist abl e
means, i.e. ’geﬁéti@%{eanBIB o lemidafficHh GAkLiBls eaabfogéd \bﬂiﬁlﬁﬁ%fiﬁ@le of SR{4AR! | O

pr ot opl ast fwusl on, ectroporation, particle gun technol'ogy, calciu
20 the desired gene sequences into the host cell chromosome. In a preferred embodiment, the

introduced nucleic acid molecule is incorporated into a plasmid or viral vector capable of
autonomous replication in the recipient host cell. Any of 2 wide variety of vectors can be
employed for this purpose. Preferred eukaryotic vectors include for example, vaccinia
virus, SV40, retroviruses, adenoviruses, adeno-associated viruses and a variety of
25  commercially-available, plasmid-based mammalian expression vectors that are familiar to
those experienced in the art. Once the vector or nucleic acid molecule has been prepared
for expression, the DNA construct(s) can be introduced into an appropriate host cell by
any of a variety of suitable means, i.e., transformation, transfection, viral ‘infection,
conjugation, protoplast fusion, electroporation, particle gun technology, calcium
30  phosphate-precipitation, direct microinjection, and the like. After the introduction of the
vector, recipient cells are grown in a selective medium, which selects for the growth of ,
vector-containing cells.  Expression of the cloned gene molecule(s) results in the

production of the heterologous protein. -
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30 phosphate-precipitation, direct mcroinjection, and the like. After the
introduction of the vector, recipient cells are grown in a selectj¥yfay 2006
medi um  whiysshRets for the growth of vector-containing ?ﬂ"hs Expressi on
of the cloned gene nol ecule(s) results in the production § g2/3637

het er ol ogous protein. -11 WO 03/039489 0 3 MAY 2006 PCT/US02 /36 3 7 3 The
i nvention al so provides for a nethod for differentiating isolated adi pose
tissue derived stromal cells to express at |east one genotypic or

phenot ypi ¢ char d&e évention@lsofprevidep forcr methodfor Hiffefeptiatiog dspjates afgt!ogtt tissagon
produci ng ' | 1.N= AL CJ -C : kC g

pol ypepti dgqe%r@%)ddﬁlédlnﬂ% U{:/li_sg%l% 8%% déq%éﬂg%eogngwlﬁ% ?’gécfﬁ’g{pacgcrgfagteerlftf ¢ ?:%?rpr I Si ng
the 5 step mhcremsontlhcor regample] Roglatazdn aptpgheiry ticel,umsdién-prodaocing recadll cel |

wi th a pancreas |j ndrci n substance, preferably an endocrjne pancreas

i nduci ng suBStEHIcPolyprRide-prpguiag el & 3 %qmatose%%ﬂﬁoe%ln%ﬁﬁék Fomerisgthe cul t ure

medi Um 58S @GS doRRetidghn R Red AR5 tidRd-@eMvell bifdmat 8l wﬂtH‘&FMﬁ%&Qﬁﬁ%iﬁg factors,
cyt oki nes, chemi cal agents, and/or hornones at concentrations sufficient to

i nduce i sol Abutncadrpieblyianeadesrine rrywepsJedusing|subsiance  TBissupYANse inin 2 east one
10 endocri NgeRARGY Q8hel Rl RIK Sediubl)Sus! JAVEIRES M mbh ARET bRLRVIEIES c&y et hod
of treating a disorder that is nmediated by a pancreatic function of a

gl ucagon- prineluds ergwi Betors; cytakings, whemiselurgents, dlas diormonsa it cerpentations

pol Ypept i A RicRrN e Rtuck iGdihibd Rlipdbe SRURIAENAF Ul OHGb REpAsCR! lbast bhe 3 NOST
that includes 1 nducing an i1Iso gte adi pose ti1ssue- erlvg stromal cell to
expr essllat dndegsine pansregecpdltrggskes. 15 or phenot ypi ¢ characteristic of the

pancreas cell ' LS: J el . : . t hen
transpl anti ng \tMt?gg F}Wgﬁ'gg%%th%LF%%&?ﬁg‘?%&?ﬁﬁ%nd%gﬁl/%ﬁ?‘ébse ecs)%‘at? I nvention
I s that thepaaceposendtios $fie-gheagameptodicimgnaicelt ehdulin-paduding iPsellapandrediic ect | y
fromthe host, djfferentiated and then re-inplapt .aut ol ogousl y.

A or nat i vaRyPeRie R ABY 6 4" BOmALS B PIGHALE SFRbgR Ackesh Ay hcbides

Non- i m ti ngdkianal iSatef adii€ tisat-derira dasmhinell db Sorete at Rast dageamitald ve
conditions that the current invention Cﬁn he used to, treat includes Type |
Di abet € MATIPREIPSPiogfprctpysticrgt Hisaraneregistef! which is Fﬂe&aamlﬂbgﬂvﬁag's'aéheat ed

di sease, chpgt e thir irdheplarile HeSRARE celRMIS R IAS-2d6meLe AT BE iflesg@se, or a
trauma- associ at ed di,.sease. The cell of the invention can be used either as a
honogenous 'Bﬁh”élﬁlﬂf'_sﬁ‘ﬁ?ﬁs? é‘F%“_ﬁ'de'ZSEdh%F?B&éﬁ%Q?u%a“ptﬁp‘ﬁ?l%fF‘? GHegly Een e dpstas part
of a cell pafsk@iatedNandthhrChndiiifedotililogsilyl S AlteRGHRLE thelBitdaycesm 60 support
the gromh or differentiation of the endocrine pancreas like cell or with
ot her cel | sictmrlishedllpgepeiclly- exhi bit ot her desired therapeutic factors.

20 Non-limiting examples of pancreatic endocrine disorder or degenerative conditions

that the current invention can be used to treat includes Type I Diabetes Mellitus, Type 11
Diabetes Mellitus, lipodystrophy associated disease, chemically-induced disease,
pancreatitis-associated disease, or a trauma-associated disease.
The cell of the invention can be used either as a homogenous or substantially
25  homogeneous population of cells or as part of a cell population in which the other cells
secrete substances to support the growth or differentiation of the endocrine pancreas like
cell or with other cells which secrete or exhibit other desired therapeutic factors.
The invention also includes methods of producing hormones via the treated
adipose-derived stromal cells. Methods are also included for conditioning culture medium
30 by exposing a cell culture medium to the cell of the invention. The medium can then be
used to culture other adipose-derived cells.
The invention also contemplates a kit for producing adipose derived-stromal cells

that have been induced to express at least one genotypic or phenotypic characteristic of a
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The invention al so includes nethods of producing hornones via the treated
adi pose-derived stromal cells. Methods are al so included for condi t| Oﬂw
culture nmedium, 30 by exposing a cell culture mediumto the cell of 't 2006
i nventi on. A&MEH um can then be used to culture other a&CHYS823671 ved
cells. The invention also contenplates a kit for produci ng adi pose
derived-stromal cells that have been induced to express at |east one
genotypi ¢ or phenotypic characteristic of a -12 WO (13/039489 03 MAY 2006
PCT/ USO02/ 36@ihcremartly hatzac tclude inkraicticrasrfor sapdratthg thmﬂomabcbristmsceﬂmfromemmr ating

docs. | nol udS ARG IR FUPoB I BTE AR PRUCK A Bh o (B RPN ho

medi um caus®fls,iwierdie the mai@xmuemheeéeulteaﬁiressraelemrcmé g@bqpmrorphafmydol c
characteristic of. a pancreas ner al l dﬁgncr Akit is

al so di scl cYRHEHE |H?E‘f'€ﬁ§é é’F fs ﬁeﬁga §’§8$e§“ b %0 '°t° SE‘? @ﬁtte t he

ti ssue of tlhauuda\/a@lnmbgeeesﬁgc&nqgomrﬁs tol @@dwdﬁ&.sgnﬁeomé inve,moﬁelsiucpqnud ation of
thelnventlon t he |oo atible lattice, as .conponents

consi sti ng iBFuEsARegellng © %befmuga mrb@,f e MYPRtigRethe h&slmca&hé%omnamﬂr-' lattige; iy e

nmedi a, ot hegelf 8 bémpdBhts RbMidtifg 60 AR ESageni dcdMOsURRETbstiat I CeIORIIRFL S and
features of the i nvent| on will be nore fuI |y apparent fromthe 10 follow ng
di scl osur e. mestz gthereslispgtibiptiorqomgoyds;aat hpIRADRST| ON The present i nvention
provides an i S0|c§th§%b?e@ispa98€feattdrésdﬁhéiﬁ{vbﬁﬁ%ﬂ wWill R Rbre T8l apfpﬁr@ﬁ‘ frém MyTaN Or

ot her mammal induced to express at |east one genotypic or phenotypic 15
char act i sPllewisg digclegiier eas cel |, and preferably, an endocrine pancreatic

cell. The cell can exhibit a property of a gl ucagon-produci ng a-cell,
i nsul i n-producing. 0O-cell, pancreatic ol ypepti de- prodUC|ng y-cell or. A
somat ost at i n- pr oduci ngDET ED DESCRIBTYON: Ofe , an

i nsul i n-produci %e%?bs&ﬁkdvehtﬁml%&?’dég‘éﬁxs 13138 a&ﬁp{e tﬂiuetd@ﬁvéd'}i{-&ﬂél'cgﬂ ﬁ%ﬂx” be
i nduced to differeftiate I n VItro or afte antation into a patient. 20
The cel | s pr bdmew@r wjher eamreal Hodsed to pmresﬁtatdnasmne [Eenpiypife o Phenohic of

partial {y Ofparabidlilt oth g%ﬁr&?l:élla refEHBﬁ/t iPRRbrrE! Lﬁcrélﬁ&’ !:éiﬂang% dIZG eristics

of mature pancreatic c search, transp Antatron, vel opnent
of cel |l ul aremfb@rapmﬂt}c of)acgtmm rff@ﬂuchlsel-cttlk ewhwtodminaﬁicnhl padiceaticses,
preferably

h SEes, sue repair COI‘I‘eCtI on
bf 1 1 ol UBRBEPRREEE: petl it o ERbPrBOHRE o e 5. el REHET
produce sucdmbvalment,ameinallit @rddacihg goel id profkd.NThe @ES of the invention can be

induced to differentiate in vitro or after implantation into a patient.

20 The cells produced by the methods of invention can provide a source of partially or
fully differentiated, functional cells having characteristics of mature pancreatic celis for
research, fransplantation, and development of cellular therapeutic products for the
treatment of animal diseases, preferably human diseases, tissue repair or improvement,
and the correction of life-altering or life-threatening metabolic disorders. Methods to

25  produce such cells are also included.

L Definitions
“Developmental phenotype” is the potential of a cell to acquire a particular
physical phenotype through the process of differentiation.
30 “Genotype™ is the expression of at least one messenger RNA transcript of a gene

associated with a differentiation pathway.
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"Devel opnent al phenotype” is the potential of a cell to acqui re a particul ar
physi cal phenotype t hrough the process of differentiation. 30 Ger[p} MH?ZOOES
the expres {’]%‘%’483 | east one messenger RNA transcript of a gen

associ at ed ifferentiation pathway. WO 03/039489 0 G "%’6@63

PCT/ US02/ 36373 "Pancreatic beta islet cell" is intended to nean any cell
capabl e of secreting insulin, insulin analogue, insulin precursor or an
insulin-like factor, preferably in a regulated manner, nore preferably in a
gl ucose concent r‘aaﬂmiddpanﬂmntcemnnmend cdPanmegatny cell phmbleedf Secteing Nt ended
to mean any.c capabl e of secr.etin uca nal ogue,

gl ucagon prg'élﬁl"sé Sugp agaelaﬁfcal@%‘h mrffggrsgragrt 8 m%l"@ﬁﬁ‘? a%?tlj"glqletgr 6‘5 | &t ed
manner. " Papgiiged mankte|rhée pRfdrably & d gMcﬁimdceﬁiﬁatm&ItpaantGﬁinherCapam e of
secreting somat ?statl n ﬁ LQslat recursor or somat ostatin-1i ke
factor, preferab gnergatig alp %g‘g {4t wipnded E‘Fa“ ivﬁy“@;ﬁcqfé?ﬁ?t@g CREAM " or
"gamma cel | gluéagor mamgd@cgl@ayonqﬁédurs@ambgl&agsn-me%&bl B feriN A Sdhilsedept | de,
anal ogue, precursor or a sinilar factor, preferably in a regulated nanner.
By "insulin®aMrjnt ended any of the various insulin, insulin anal ogues or
insulin-like fa‘P&rEb"ré‘ath”&BlYQ P & nnlddes has BEohen QP£HIO of é%%léhhé‘
precursor proteins, the fully 15 processed protein, or a netabolite of any
of these entamajgitin, BP%%?@%‘ RECHEITLEr 8 somaiesiriadiket fciopapreimpltiiBetise st at e
wher e pancr galihed Rehfer. | Sl et cell function is dysfunctional such that there
is a loss of responsiveness to circulatin gl ucose | evel s. The di sease
state mll?/ be a ﬂ’@@ﬂ]@"fﬁ'@é)})(ﬁell nbcﬁemmm&g@unten@draw cell eapafleraf seereting ur v,
chem cal | NbdiEatic géépeas | QAR e, SHEGEor SR LORING Iala%lwg\/mreg@ il QMregBed

endocr i nopa |es etiic |sor ers such as or-any ot her
etiology caeweng damage di rectly or indirectly to the endocrl ne pancr eas.

" Mat t di » i

percg;?aggsgf I agﬁestﬁlﬁlclzol%)é{J T ent gﬁmﬂﬂlel ) ng@kﬁp%ﬁ%ﬂﬁk%&?ﬁg%ﬁ@ . er the
type | or tgagerszluvwabefles indheies tthepprohorinpng er cmallraoteeursqremrol@yls,athgefnléyl c

def ect |151 bﬁé&s&ﬁl quélﬁ'%?yn?e@abﬁllt%%{%o??r{eLé/en?ﬂé usual ly 25 before age 25.

" Aut oi mrune” di sea I's 1n ass any i mune nedi at ed process,
hunoral or cel | (Déabgtes retlitnsdsis lintended ta meanr a}yedlsaamstatn dvhdes panaretticopetof  t he
host's endoﬁlrel | ﬁupc?l'aﬁ Eseaséfémgtg)%%lﬁsuhotlh&qyerg ls le of@és%&?s%nés’? to -g}él.llahﬁg not

limted to,

glucose levels Thc disease state may be a consequence of inborn metabolic error,
traumatic injury, chemical injury, infectious disease, chronic alcohol ingestion,

20 endocrinopathies, genetic disorders such as Down’s Syndrome, or any other etiology
causing damage directly or indirectly to the endocrine pancreas.

“Mature onset diabetes of the young” is meant to include the small percentage of
diabetic patients that do not fall clearly into either the type 1 or type 2 diabetes phenotype.
It is characterized by a genetic defect in beta-cell function with an early onset, usually

25  before age 25.

“Autoimmune disease” is intended to encompass any immune mediated process,
humoral or cellular, that results in the rejection and destruction of the host’s endocrine
pancreas. The etiology of this process is, but is not limited to, immune response to an
infection by an agent such as coxsackie virus, or Mycoplasma pneumonige, inbom

30  metabolic propensity to autoimmune dysfunction, or a chemical exposure.

Polyacrylamide Gel Electrophoresis (PAGE). The most commonly used technique

(though not the only one) for achieving a fractionation of polypeptides on the basis of size

is polyacrylamide gel electrophoresis. The principle of this method is that polypeptide
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I nfection by an agent such as coxsackie virus, or Mycopl asma pneunoni ae,

I nborn 30 netabolic pgopenfitr to auLoinnune(dysfynctLon or a chemyyﬁhyﬂmﬁ
exposure. .,am de Gel El ectrophoresis (PAGE). The y used

t echni que B?#ﬁou ﬁbnot the only one) for achieving a fractlgﬁgﬁggﬁggi

pol ypeptides on the basis of size 1is polyacrylam de gel el ectrophoresis.
The principle of this nmethod is that polypeptide -14 0 3 N%Y 2006 WO

03/ 039189 PCT/ US02136373 nol ecul es n1grate t hrough t he as though it were
a si eve t hafmolsshlay gigrate throush dhregnl apthoughyis Wergagisye thap retar @gntcryemms ofr eat est

extent and bRaBRYRORAIeAb thReatdtRb:tt&i bnd ML RloVerteht bOthe bhiflidseASbofeslient . The
smal | er the polypeptide fragnent, the greater the nobility under

el ect r ophor & last gxterie %I%F‘yﬁharﬁob@e@@lﬁ fragyeny, t’é‘éf%?aéﬂ“éh%l mptflity, ynder
el ect rophor @&bt?o &H@ﬁs i ﬂl@éﬁb%%1 de ﬁéfp' oford'd ‘ﬁdcd\%ﬂﬁ }égﬁ'ﬁ{th ¥reS¥Psed to

b
t he detergent s |um dode ate DS), und tions the
pol ypept ﬁdesolamtldl@rtmmnllwre mxnwgedxposad@o thg defergentvodivabdedeeyd soffat&DS. The

polypept|de e | be
st zed: OSRHEAIBLE rdK RO BB KRS o NAOLLES B8 cka B0 OO
pur pose of ebwenaedSBENThe mlsﬁwhdqsmcmwé by pblgaryldiBide gélearleoadpltooesamn

I mmunobl otti gl)suah ! reapyb? csz&llll IR u1;eer pol ypepti des fractionated by
pol yacryl am e gel el'ec ores B 0'a nitrocellulose filter or another

appropriate surWagen T\MmsfeeProetcmml ﬁlg: fungose of e wegtemasinsfeoprecadfirealky pept i des

resul ti fr t,he fractl rocedur,e e bl ot t roped with an
ant i bodggt ha%%d Qi 5 Eur @’ gli Y P Wéca{%l SE%t PO é‘ées Em'f’lgarté‘ls) 15 A
“purified" polgioeylsrmde gebelmmphb&sxa qutd)herhtnocﬁrlulbuarmmwort haithehaafppdoﬁﬂale

t ed "Purif h
boen puri 11 CHEED A, JHR gy TRLNY Bl pTRREAT croo A B R al |y

pure" pr ot eifactdhatiof proeedird. STH: bdtGd themprobed Wityaiantbdds tat feeifiaslpibinds té hat
cont ai ns on her onents that do not materially affect the properties
of the hormq%r‘ OQPCPSF?;?@W 5% " Genes of the endocrine pancreas” is intended

to include but nat‘phtfiel? picteisdl oif Borfiofe isQf profeise h@anGR thadRs bednedpahted t he
phenot ype of. t he |lfferent|atgépgf dlfferegtlate al%ga, .Bglta Ide ta or PP
cell's of th&OBFREEV I RIMPIRIE-o SLrifipdrratepys ArLoMARes haxe brgp Putifisd RISV i ¢ ed
to, pdxl, paRguritpaxbtourdeimagesn A Subst@tdIBGRIY ratein b2 WoAERR i a Protéivdr 0 D,
GLUT2, insulin, Isll, H.xb Nkx2.2. 25 11. AderOﬁ]é %r I ved Sfl m.or St ronal
Cel I's Adi pol@Tiopghagaiperaipn thatgogtains only i corpranpnts that dg notampteriafly affgef, ¢

origi nat e f efefproperties of the hormone or protein.

20 “Genes of the endocrine pancreas” is intended to include but not be limited to any
of those genes associated with the phenotype of the differentiating or differentiated alpha,
beta, delta or PP cells of the endocrine pancreas. These genes include but, are not limited
to, pdxl, pax4, pax6, neurogenin 1, neurogenin 2, neurogenin 3, neuro D, GLUT2, insulin,
Isl1, HIxb9, Nkx2.2.

25
II. Adipose-Derived Stem or Stromal Cells

Adipose stem cell or “adipose stromal cell” refers to cells that originate from
adipose tissue. By "adipose” is meant any fat tissue. The adipose tissue may be brown or
white adipose tissue, derived from subcutaneous, omental/visceral, mammary, gonadal, or

30  other adipose tissue site. Preferably, the adipose is subcutaneous white adipose tissue.
Such cells may comprise a primary cell culture or an immortalized cell line. The adipose
tissue may be from any organism having fat tissue. Preferably, the adipose tissue is

mammalian, most preferably the adipose tissue is human. A convenient source of adipose
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adi pose tissue. By "adi pose" is neant any fat tissue. The adi pose tissue may
be brown or white adipose tissue, derived from subcutaneous, 03 MAY 2006
onment al / vi §GRémlz9gg0Mmary, gonadal, or 30 ot her adi pose ti %Lllﬁjsgm(gm
Preferably, the adi pose is subcutaneous white adi pose tissue. uch'cel I s
may conprise a primary cell culture or an immortalized cell line. The

-adi pose tissue may be fromany organismhaving fat tissue. Preferably, the

adi pose tissue is manmalian, nost preferably ‘the adi pose tissue is human. A
conveni ent tSegrit Bowslipgaichens dirgerss hopr s/ the sois® of adippagissusows theprathessod/ 36373

tissue is figo@mohiopgapgsreitfaﬁew@%m{ean ROWE WiientidnD LiSRUER 104 remivag%%nl i ssue or
the nmethod of isolation of adipose tissue is not critical to the invention.
Li posuct i orinyasive prasedure withycoprogtic ¢ffegtis Whichpre aecgptatle v the vaskmalority ef f ect s,
whi ch are i OF ] f Ay \

docunent od (PR o OudbidReHaPha TRENLY pBin o MBHERL Sell pdpulafot®®Blen. ¢ of e
sur gi cals rarﬁer;mk%@rdmc{yabhydtpbmﬁm ?jrgml!mrprqlncdmadil{immmm o sceacrmmmpa;) se_?_hfa
recurrence .0of. adi pocytes. i,n.an individual oqyer.t.inme a e.sane.site. is
Cugoest s IP5RnsBIEH fildla g it 4R Bms HEF Thh MR ls G BB ETHL " apabl o
of sel f-r eremains sthintal ampeldsy ivkish aféakpableogfiself-eanedelrinte adipgyest s t hat

adi pose-deri ved stLron:aI &gl | s ar e, c%gabclie of, .di fferelnt i @ti onﬁ%gfeng mul tiple
| i neage pat hvvay_g‘f‘l Gf’lﬁ%lcrfﬁ'_ NE BT s PPt 2 ?(gg'ﬂﬁrwef}nﬁp@? cef 75 cOmas,

devel op fr ahffacltiatney hieng mukiptelideage Slwaylsi SEidembst RBrhmod koffitixe tahing) N ar e

relatively comon. These i.ncl ude el of adi pose. tissue, nuscle
(Sroot HOor UPGRERBita) Svelgn Ao SFECHETS oo e Y WEDReATIR e PHEiR oFenr o

condi tion kaaivel2sorh&d! TREE Ry ISIEROLSMARS 6f AMib&E tBsueSHRSHE BRSO

adi pocytes form bone for unknown reasons. Human adj pose tissue-derived adult

stromal celSk&eleRrragHlagex prfIdanexInpajignts Wity ayarq eqndition kpewr &1 BRgresiique
l'ineage patdayuayshetdSiIR, %E&té(ne@ﬁl@ﬂd'i}ﬁﬁ*t@ﬂfonﬁlﬁgné for hdkhbwWiglkaaas. 1 nto

i ndi vidual s as ei ther autol ogous or allogeneic transplantation. WO 00/53795
to the Universi Hyman adinoss pemigHerayed adall seahicsiipran fhe aypnded st yives

, Cal i T osni &y @chtibiad Radn@ Niniofde Mink48 { daBivall) - e RARRN P BAROR4 25w @hRebdubed N

Uni versity of Pittsburgh, disclose adi pose-derived stemcells and lattices
subst ant'i althty ifdividualfasgahes seglogars poalingandieBansplaeialiasel | s and--¢l onal

popul ati ons. .0f GRYDGES195% e Yokl BPAblren anlMheGdts S URRAPLEY e

alone or within biologically-conpatible cohpositions, to generate
di f f erent i diai®reip ao¢idsS Befent shnplieation No- 2083/807640Q aspignechtp the Waivargty of

Addi tional | : a0, g,gn% r nones
and to pr ovl?ﬁ’t g&%g’n f\dt]dlsg ﬁ% 83 t uerg)eg nme ?ga@lgtrtﬁ%gu%g%%? ?'l’gﬁﬁgqgﬁ’gﬁ’ﬁ and
expansi2n a@hd sadrdeodcesdls apbylenahpomyationy of conoachive tissupatem celidcbhe @Hs can

publ i cati o gh3felapeamnd IOiR Vibddll LbapaIshS BRBIMIY, d5Veindkad Cell's,

differentiated tissues and structures, both in vivo and in vitro. Additionally,- the cells can-
be expanded and cultured to produce hormones and to provide conditioned culture media
for supporting the growth and expansion of other cell populations. In another aspect, these
25  publications disclose a lipo-derived lattice substantially devoid of cells, which includes
extracellular matrix material form adipose tissue. The lattice can be used as a substrate to
facilitate the growth and differentiation of cells, whether in vivo or in vitro, into anlagen or
mature tissue or structures. Neither publication discloses adipose tissue derived stromal
cells that have been induced to express at least one phenotypic or genotypic characteristic
30  ofaendocrine pancreas cell.
U.S. Patent No. 6,391,297 assigned to Artecel Sciences discloses a composition of
an isolated human adipose tissue-derived stromal cell that has been differentiated to A

exhibit at least one characteristic of an osteoblast that can be used in vivo to repair bone
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extracellular matrix material form adi pose tissue. The lattice can be used
as a substrate to facilitate the growh and differentiation of cel I@

whet her i Ny |()y/9 Qg iN vitro, into anlagen or mature tissue or struc &iMa% 2006
Nei t her pubPi'dation discl oses adi pose tissue derived strofTUW#P}I ¢ hat
have been induced to express at |east one phenotypic or genotypic
characteristic 30 of a endocrine pancreas cell. U S. Patent No. 6,391, 297
assigned to Artecel Sciences discloses a conposition of an isolated human
adi pose ti swligealehdng etisegsasoniihis adipbsetderivedhagedbdashlikli télecanbé apiamally exhi bi t

at | east one 1St f 0S | ast that can be used in vivo to -
repair bonée"-eﬁ%ﬁ\r’/’\%??gegfgﬁ%@ﬁﬁc@“W%gG PCT/ US02/ 36373 and treat bone

di seases. This A8 Rasmt dds.i 6,426,202t miynad;ttol Bioloddihgs hﬁﬂndjienaipdikmimkl y
enetical | trix ent 6, 426, 222
9ss gneq « Bt 5t BnGRe FRTBIRCE TG BB botben chmme L o 56f ng

ost eobl ast bﬁlhrfcﬁ&[tﬁ@tthe'ihdlpdi’seftrsgm ®UsBNa eaandarm@hnlt Indiona hapmag dohamug 5 by

i ncubat i ng he adl ose tissue cells in aliquid nutrient mediumthat nust
contain a FWEB@B i coid. WD 00/44882 and U.S. Patent No. 6,153,432 listing

Hal vorsen et al wasol/megDdlpd ©.S. Paies Qi %853 481 afhs MiMbrearpasdk tinvefdrs or t he
differenti atl on of human preadi pocytes i sol ated from adi pose tissue into

adi pocyt es di5elases rf@etb?décﬂ@nf‘lf’é?c’m'@%sn&rl the differententign fi byreag; prgdipocytes

charact eri ghiak8 $of ladlpobd tshat iRESEHYRItek nbéaﬁﬁ%\lg&ﬁéheﬁﬁdaﬁa dhefidli BREYtes. WO
01/62901 and published U. S, Patent Application 2001/ 00 3834 to Artecel
Sci encd8 dpwoml ?f@mc@flgtfs similapte dhag P%swéd Hepolatediprimary AdiPOYE s t hat have
been induced t owcRKPER af pbfidhiRl UX) PalMCARiKRoh NN 2A%KI085433td Arillel 2
neuronal, astroglial, hematopoietic rogenitor or hepatic cell. In

addi tion, Seiencepflistlesss mlaﬁéﬁlpp$e§§w~ dred/spmat edlydhat bave) bgeny mdmcei';tp has been
dedlfferen t pi c

mar kers i SH@%SQ% %bg{:' gﬁde HB%&% ch gctg{]‘stlﬂﬁﬁfi‘g?uj%al 8%%.{3 anél %r‘?g ? %ﬁ%\r t ecel
Sci ences dpetndiorer l@g@fmllt Irosdditionjan éeptated MO%tlssmaqwe@stmab@iﬂethat

t I

char actor| et An Gl s o3 BERRH AU BRfoc R FEIGIE patbrsifase one
di f f er enti als¢ gigrlosed these ceI |s. U.S.- Patent No. 6,200,606 to Peterson et

al ., discloses {Rab,RLeQUr §25o $18! s d'J §oﬁ@ﬁ' 5 MAnddav ci&lggs Rﬁél@é&& e@hpdsRioggner at e

bone or cartilage can be iSolated froma varie enmat opoet’Ii ¢ and
non- hemat opisteddo e selated admseudsmgie@‘endmphmaladellblhaob@k, bebm)méumm oupreznd

at lease one characteristic of a chondrocyte. Methods are also disclosed for differentiating
20  these cells.

(®)

U.S. Patent No. 6,200,606 to Peterson et al., discloses that precursor cells which
have the potential to generate bone or cartilage can be isolated from a variety of
hematopoetic and non-hematopoetic tissues including peripheral blood, bone marrow and
adipose tissue.

25 The adipose tissue derived stromal cells useful in the methods of invention are
isolated by a variety of methods known to those skilled in the art such as described in WO
00/53795 to the University of Pittsburgh et al. and WO 00/44882 and U.S. Patent No.
6,153,432 to Zen-Bio, Inc. In a preferred method, adipose tissue is isolated from a
mammalian subject, preferably a human subject. A preferred source of adipose tissue is

30  subcutaneous adipose. In humans, the adipose is fypically isolated by liposuction. If the
cells of the invention are to be transplanted into a human subject, it is preferable that the
adipose tissue be isolated from that same subject so as to provide for an autologous _

transplant. Alternatively, the transplanted tissue may be allogenic.
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adi pose tissue. 25 The adi pose tissue derived stromal cells useful in the

met hods of invention are isolated by a variety of nmethods known to t(pgsmw 2006
skilled in such as described in WO 00/53795 to th versity of

Pi t t sbur gh@%/‘ﬁg&and WO 00/ 44882 and U.S. Patent No. §¥%%’%8 737en- Bi o,
Inc. In a preferred nmethod, adipose tissue is isolated froma manmmal i an

subj ect, preferably a human subject. A preferred source of adi pose tissue is
30 subcut aneous adi pose. In humans, the adipose is typically isolated by

| i posuction. |f Ashenoebinitingodxatripte, iimwea tricthod arf dsalatinpeadipaae Sissr@ndegided Nt 0 a

human subj referabl e. that 't I tissue. be. isol d from
Chat samo St ShodHost fiRhE isiaied M o BEHRRES s RHighE plek fonth 6
Al t er nat i veby,5%, pefarstdy 6 104 af0.2th, frostyuefetatly 01185, adyp<g ettoacentritiond batwhéay 2006 WO

113/ 039489 3 non-limtin aml e, i.n one net hod of

i sol ating a(g&gf?gbé {%’l %"Eé@?’&'eP Bgé@ 020( r Blr?’glp"frrp'é"la':’l¥ 2. %ﬁ’ﬁ’egg‘&'f‘%%%mf p%“é’ﬁ%‘ is

E) r git ?d sga ti§° @Isb‘a:gq»m'faﬁf bl@:)tieﬁﬁﬁ&ﬁo e33f rt@uommol@e%)ml}@a{m"tct, (ﬁ)rope'ti_;l%/?[ls or ef e(r) aglly
o} 9 refera n_at .concentrati ons between

Do 0. 59 e i pliiso dLhobrgms i rahbLMeR D AL BN 16 bt RS BRFEPL U1 o0

between 5 265 higued GreRERS £6 pirkad thﬂuﬁl?@ﬂyl&ﬁortcﬁee’é&%th RSE R 8RRt 37C,

for periods of between 10 mnutes to 3 hours, preferably between 30 m nutes
to 1 hour, TSEWS {5 80dpistang mors praterakle SetwerneAlite 408 miprgns ostRretebEh a nyl on

or cheesecl gfhniEeHe Eélista% trfeﬁ SRGEAGER cﬁ@erermape&ﬂ%fu &oﬁ%em,%qa&m gor e
preferably between 40 to m ¢rons, nost prefera m crons. The cells
are thelf suppeeFisall tDt‘)P@ﬁCPlll er éﬂ?ﬂ‘ partioulate E"M@@at@%lﬁ atﬁ cpegmﬂlgcdmﬁ spasdy of or 10
over a Fic G

cent 1 f uged ar s AR RRONX Y, mBIRErDBY 0B Pl LRt AP0 E g 1o
1500X g, npstiogsradbetvaen | manut&oo X hguf, grore mefmabkys2 t@fle'ernwssnnOEt prieferablys to 1

hour, nore Lot e t
tenper at ur e tdgerdied ot AR 10 SOE pRIFILE By 0T HCT rosl
pref erabl y patfer2Blgat 25C1 n yet anot her net hod of isolating adi pose-derived

stromal,gcells aﬁ@g@g{h%ﬁ'mett%ﬁséﬁﬁlgjlﬁt;ihg‘aﬁl?oﬁ%g%%h bs?rgmaf‘ é‘gl pos§“6af'i%9'7 to Katz

et al |s used. mis e cing I Ssue
sanpl e i nt cystem anuhcanﬂewdbcﬂem itSe3, 780} 7de Knm gt altis adedt v\essﬁemgs employed fand a

di 500t al | NG ONARE ABLEL LN bETHE o BuBRLPASRANGLANPY Bk g DAL (e

resultlngc ens onTs ¢ ected into a cen recétacle
In such a vhyse anl:i@ tﬁékoasdtxmg)gimsdmmdtheeisdus ialag'tate;iotrmlt l@ditefdrﬂnhahat lthBS ue

sanpl e, pr e;‘gsei\ﬁt%ﬁlg W guggeng%ln llsuc!o te::crI m?ogar éent¥1fu%f -readp recep acler: eEl sug‘\ll a way, the

20  adipose-derived cells are isolated from a tissue sample, preserving the cellular integrity of

the desired cells.

HI. Inducement of Adipose-Derived Stromal Cells To Exhibit At Least One

Characteristic of a Pancreas Cell

25
The invention includes the treatment of the adipose-derived stromal cells to induce
the formation of a cell that expresses at least one genotypic or phenotypic characteristic of
a pancreatic cell. Non-limiting examples of how to induce the differentiation of adipose-
derived stromal cells include: 1) the use of cell media; 2) the use of support cells; 3) direct
30 implantation of the undifferentiated cells into the tissue of a patient; and 4) cellular

engineering techniques.
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[11. Inducement of Adipose-Derived Stromal Cells To Exhibit At Least One
Characteristic of a Pancreas Cell 25 The invention includes the trea TRy 2006

the adi posqy@gsived stromal cells to induce the formationpgpf,R,58kd; that
expresses at | east one genotypic or phenotypic characteri srl C o? a

pancreatic cell. Non-limting exanples of how to induce the differentiation
of adi pose- derived stromal cells include: 1) the use of cell nedia; 2) the
use of support cells; 3) direct 30 inplantation of the undifferentiated

cells into the t{PsCekMsdianducement . and 4) cellular engineering techniques.

WO 03/039489 0 3w tiOR0entiBi-TY heG80bBY dnyNhebr9! df ob/&tﬁﬁicﬁn, kel BeRvBO thatNi | € the
|

invention is not bound by any theory_ of operation, i.s believed that
treatnment ofreatmentapfithsodipotrederivedisteomabeglls With|a mediym epotpiniegn ermbieaticarhi ng a
conbi nati on sGiy, SREAYMRic mﬁm,%me@gilt fe%&hﬁigarhﬁglfdwftﬁ B0l cHEGREPHARBhesI! OM N

factors, cytokines, “hornones, 5 and/or c al agents,” 1n a 2-dinensional
or 3-di nénsipaden chemivad gty dnrae Atdimansional ematdioeensipfal eieneerivironment, wilk e

speci ficall Ynduf:J‘cﬁfoQi(t?a%nj:.on provi des a nethod for differentiating an

adi pose- derived cells Into a cell having a genotypic or phenotypic property
of a pancreatic Metd specifieliprths inventiop|peevidey ainsadhoglt feidiffeieptintiog de rdipesd- adul t

stemcells : i red ity Lhel udin t not lidmte 8] density
of “about 1, ObbedEa o BDRIRY « bR o Brelteatt aBRlny (LbEGbE A0S

chemi cal | y defipnség: cpidtingr solated i adipossdayived i adgit attent ealdd abne destredrpieusiyy, sel ect ed
fromthe,.group .consisti of... grow h faetor n pne serum
factor, qﬂuc?'ggurd'%oﬁ%?% nl?r@gegppo %aﬂﬁ 8{,: agﬁ;dt aﬂ@"g&hgﬁ"“gﬁbﬁﬁ% cglilfécrﬁ tal

agent. Base invabliting uBetells inne tleenicatly hdedired tultuie medimnéongprisingcdt Uekst obeit ar e

not limted to 5 Neurabasal t M (suppl emented with or wthout, fetal bovine
serum or ba§?’8bcf“i"%r58%|%5i g 115 EMPh OIS S Oé'blg@‘—‘jﬂj ?acf‘\?é’, w‘gﬂ‘?f’e’l\ﬁyﬁqkmﬁm
Essenti al Megtutadi@phueleartidtmdne redeMor liqiBy hmieotie defifed\Lipdiitdl agenee) , F10( HAM ;

F12 (HAM, , A 1640 BGJ, Medi um (w th and w t hout

Fi tton-Jackson kB‘EfFf“i’e gt‘isgm\{l,“ t%‘agl&ﬁho‘i\%‘%tﬁ‘?ﬂnﬁ%fﬁlf”ég“c UG e ot H@‘t‘éﬂj@i tion of
Earl e' s 15al Nebs@hi™ Rilpbemeed witatirf witthubasthe bVt sepin? Or HRbiEibriHlRaet
serunm), Yamane, |NEM 2 A asgow_Modi fication Eagl e Medi um

Lei bovi t z L Smes/inveRatein{PFE R0 2s B34 MiBI Entsatial Yisdion Fagieo -%Yfﬁ%hﬁar‘l e's
sal e base) ; (B&gH B APboui-G8E) M dHANBNK]{ 5 , D), DAV PvESsRNt | al
Medi um Eagle (MEME-with Earle' s salt base), .ni mum Essential Medium Eagl e
* BGJ Medium (with and without Fitton-Jackson Modification), Basal Medium Eagle
(BME-with the addition of Earle's salt base), Dulbecco's Modified Eagle Medium
20 (DMEM-without serum), Yamane, IMEM-20, Glasgow Modification Eagle Medium
(GMEM), Leibovitz L-15 Medium, McCoy's 5A Medium, Medium M199 (M199E-with
Earle's sale base), Medium M199 (M199H-with Hank's salt base), Mininium Essential
Medium Eagle (MEM-E-with Earle's salt base), Minimum Essential Medium Eagle
(MEM-H-with Hank's salt base) and Minimum Essential Medium Eagle (MEM-NAA-
25  with non essential amino acids), among numerous others, including medium 199, CMRL
1415, CMRL 1969, CMRL 1066, NCTC 135, MB 75261, MAB 8713, DM 145, Williams'
G, Neuman & Tytell, Higuchi, MCDB 301, MCDB 202, MCDB 501, MCDB 401, MCDB
411, MDBC 153. A preferred medium for use in the present invention is DMEM. These
and other useful media are available from GIBCO, Grand Island, N.Y., USA and
30 Biological Industries, Beth Aemek, Israel, among others. A number of these media are
summarized in Methods in Enzymology, Volume LVIII, "Cell Culture”, pp. 62-72 {ed.

Jakoby and Pastan, Academic Press, Inc).
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(MEMHw th Hank's salt base) and M ni mum Essential Medi um Eagl e ( MEM NAA 25
with non essential am no acids), anong nunmerous others, including rred%rnﬂgﬂﬂﬁ
199, CVRL waldm3e@WRL 1969, CMRL 1066, NCTC 135, MB 75261, Mﬁjgﬁmgﬁ,n
Wllians' G Neunman & Tytell, Higuchi, MCDB 301, MCDB 202,

401, MCDB 411, MDBC 153. A pref erred mediumfor use in the present

invention is DIVEM These and other useful nedia are available from G BCO,

Gand Island, Nygg LH%: ?%%ff&g&l ag S?Ad.ﬂoeéiaérs\feagé%,nﬁ%%e@ﬁmghs oS’ 28,

anong others. A nunb la ar sumari ze
Enzynol ogy, exmkmmelehwl drie gdhﬁlybic ch;bltemteplp oppractedstiz 20f( & gancrepéik dista aﬂbl Past an,

Academ c Pr.ess c 39489 006 PCT/ 2/ 36 Medi a
useful for P “"e&%fere Irgﬁ 4 °§He°r g'et%\\/ggg P Sl??a% ty%?llmp?'%f'g cells
that expreés sheadlfﬂenemsatt:onnﬁ pg@amtcy [gells into mlsndmestsy:ptmg bélabatstaardns;:lased of a

pancreatd ¢ bata, &8 les secr t| ) or cany . secretin.anal ogue or agoni st
that have been ""é‘ﬁdé\h B%"“}"’n'p'br‘t?ahﬁ“flph'lst ﬁq HEmesheds P &’ied‘hv BomVEheni t or
cells into dofialdl ﬂeﬂal-&E@ﬁ%’t‘bﬂ@n@&hﬂh@@bdc&s@&gdlﬁ@h@ﬁ@dtritlbnﬁ)f‘éﬂeﬁﬁllﬁwﬁl to
Ont ogeny, Inc. usef ul [ hods of t nt i wll .~ a
contain fet P“tsg‘lfl{ﬂmpbeffe' ¥/|2ﬁ E’Eﬁ‘ @P\‘Fe? cr,lrs & /Py H’egfab @ %eﬁ&”ati on of
at | east 1%rmyora@euﬁact&&%ucmn&freﬂebép)éclaetorigeaﬁtpre%aalatammaﬂi&%uﬂaﬁﬁ ly
preferably about 10% nmbryoni c extract of chicken or otgJ species origin
bl y

i s present a/ft%oﬁbﬁ@éﬂﬁﬁléﬂﬁlﬁt@P“@b’b@tlsyﬂ%"?@’?’é‘%’Y[S‘P‘é‘f‘ép at | east about

S%to 1fgh nost TRE %io@&l@bdckbr@lé%klnéso?(@,nnBQesT&%m Hetihveh@6H PEBAIng xﬁ"ﬁ}enes
hor nones used in tRe invention including, but are not limted growth

hor mone, ermpt Kmgfbior giowth hermons spdireoein, thmrebqpeemﬂmsrleqkm%mteﬂﬁak

i nterleukirg ﬁnteﬂaﬁdnol?hﬁﬁ@roﬁﬂg@%loﬁ& stk Rl FadkRC LRt ligmllistern| PR3] em cel l
factor, osfeoprotegerin ligand, insulin, insulin like growh factors,

epi der mal  SEARTRteRtY bzand fnsplinbnadin leosontty sctasy. epidermadl gewihx Bctosct or |
cilary neurﬁﬁ'&ﬁ?ﬁh?ﬁ“&@fﬂc&? ’neﬁ}ea%r@\hﬁtfaéi&! l:lYa‘?g néhRotSspRIM ﬂctgla%a&'irﬁt d@ﬂ@edbone

nor phogeneti c ein at concentrations of between picogran
mili gr]éfm rerowid fedtas, anddrone migmmbipgengtic Ioiein & epncenttatigns erhstwe@hewegrem(rhl

factors, ﬁ& %fh@n%ﬁa/m%@els hPJrrEQQﬁ;ﬁe h{%ﬁéﬂléonhéhnfaﬁ&as”ﬁiz @Fb@ﬁh PafctoPshEytblEl}{ ntion are

ablet0|n uce, formati on of bl ood cel g&)
eryt hroid, angﬁepmqnefovseﬁllan me@ethqdﬁeé@esvveﬂmmreablpmgeucmleﬁw % theonal

cells in C%I‘ﬂ‘%y 68f ﬁb&gcéﬂgggmgg @erﬁﬁrg%%yﬁl()l\@% atElbt lﬁleﬁgzx:g)%'%%ng)ad(gg cNat .

Cancer | nst 3-623; L t at 3 Medi na
et al. (2gigayedyxrombcellg/gucolqrwgpmgwumgﬂ@"U) assays. (Moore et al. (1973) L Natl.

20  Cancer Inst. 50:603-623; Lee et al. (1989) J. Immunol. 142:3875-3883; Medina et al.
(2993) J. Exp. Med. 178:1507-1515.

Growth factors which have been shown to be able to assist in producing insulin-
producing cells include the peptides, GLP-1, extendin-4 as well as analogues having
substantially homologous amino acid sequences as disclosed in WO 00/09666 to Egan et

25 al

It is further recognized that additional components may be added to the culture
medium. Such components may be antibiotics, albumin, amino acids, and other
components known to the art for the culture of cells. Additionally, components may be
added to enhance the differentiation process. Other chemical agents can include, but are

30 not limited to, steroids, retinoids, and other chemical compounds or agents that induce the
differentiation of adipose derived stromal cells by at least 25-50% relative to a positive

confrol.
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G owh factors which have been shown to be able to assist in producing

i nsulin- producing cells include the peptides, GLP-1, extendin-4 as ‘ﬁ/él MAY22806
anal ogues RayiBgseygubst antial Iy honol ogous amino acid sequ%ﬁ{%"%) di scl osed
in WO 00/09666 to Egan et 25 al. It is further recognized tha d(i i onal
conponents may be added to the culture medium Such conponents may be

anti biotics, albumn, am no acids, and other conponents known to the art

for the culture i, &%L%g cafilhd Rk o5 A0SR IRbohE o4y s onhance

the differentiation €ess em ca s can are 30
not limted ekprpssssmrlmtdme gerdtypio ot phenatypic ohmermhenf g aingle dype @i peieraas agent s

that induce the diff I at f i se der onal cells
| east 25- 5095 PdFRTEN "“Ppth {ib&é. ?1’1‘% 0’?’%&& ep"’ ?a\r/@f) %fﬁarﬁte%g Y 2006
PCT/ US02/ 36 3R niehnsi lmomcmghmsmﬂhlteﬂah thehart. cé’lahmulnﬂy axsef@inde tmeaﬁs thdeske i bed

b i eld | 1 t
char act eni sefengE o B ReraiE oE Do hAS DRy pberoed Bl HERPERSA] ph,

beta, delta cols. FPIBe.meghilc matkers pdtHel deulraarcensedslhstemeﬁ)wadre weR Rasvat Rcthdry of any
skilled .,n the art. Particul arl e neans that

nmeans known t S f ul

take 5 advar‘i’fcg g‘f“ﬁ’h@‘*@@n@?fﬁ?‘&“ P%‘é‘??ﬂt‘?ﬁlecmﬁrﬁ%ﬁ%c‘i‘%f 8’5’“‘&’%? essed by
the di fferemﬁarmsaﬂntuﬁﬁltésedﬁma@bmh@e ReRAtkRA Sitbut RGuslaptrimhtRh Anps |1 sted
bel ow are vvel | known to those of _ ordinary skill in the art, and:-copiously

publ i shed i PT ¢ PHKers Ztcunsed tonenafirm dieh he sipprsrorpived adwlrshesn eclls ave 56 to be
di scl ose@ Ofinduddd tbe diffdpntiatkd ggteW t hout undue experinmentation. Any of these
mar kers are used to confirmthat the adipose-derived adult stem cells have
been 10 i nducedlingpes serctifcthepatynie eharastegistios can inelude bybare pet limigddnsel pi ¢

charact eri st e Cbrein8C Eﬁgﬁcleﬁvtpr&éﬁs nedj Hoiﬂhfoﬁ:%y,t Qnd/&€ lsberetSty praG&PT Ot ei ns,
cytoskel etal proteins, cell norphol ogy, and/or secretory products.

Pancreat i c Aepstie alpha celly mm's@ gicasamgamong athenmadere Papggeatie beta istet el eat i ¢

beta islet Ccﬁir!acterﬁf@rn@&ﬁd’erthééﬂp?e%mbﬁ‘Sfz‘rlﬁlﬁer& hﬁllﬁﬁ@rlﬁ%%t%m&ﬁ t&ﬁésh@rp%hl ncl udi ng
but not limted to nestin, ﬁi"ﬁjl an@@ al so known as I'PF-1 and STF-. 1),
|

GLUT2, Néur égiso krawnoaseFI%r], Fri GFUT%h@PW@Benewemeamd nsyex a-cel | s
contain |ar %nﬁéﬁﬁb&@tp%nafeatélﬂafa-ceh@&n% ﬁr%@a oﬁx%(blezxﬁd NGse o‘f%éﬂwa}éezmc-

fluorescent probe wll selectivel abile zinc in via bet a- cel | s
and. exhi bi tsensgiye ﬂl*Qi@ﬁCe‘ﬁ peabd V@Hﬁ@ﬂ'@ﬂ)’\l@b@*é#@h@ﬂ?ﬁ“ viablethetycels asd exkipiéct r um

meking this excx{aﬁ&h%(ﬂgﬁnssﬁﬁm{&v&eﬂ%l@ uPXheSL@;’BliaE&cﬁ&}ﬁt ﬁgﬂﬁﬁ%‘;ﬁ&'t‘a&n Lekow ak B
et at., J Hi stochem Cytochem 49(°4): 519-28 sorting of

di ssoci at ed eKeloisbletby siaadard iﬂéﬁ@h@fﬂat@éﬂ@mﬁ@klﬂ ebal., J fligochem Cytochem. 2001
20  Apr;49(4):519-28). Cell sorting of dissociated Newport Green-labeled cells resulted in a

clear separation of beta-cells, as judged by insulin content per DNA and
immunocytochemical analysis. By use of flow cytometry or similar cell sorting tools, one
skilled in the art will be able to purify beta cells in high purity using this or a comparable
technique.

25 Pancreatic delta cells express somatostatin, among other markers while pancreatic
PP cells express pancreatic polypeptide. Other markers for these cell-types include:
receptor for cholecystokinin (CCKA) and KIT receptor tyrosine kinase (Schweiger et al
Anat Histol Embryol. 2000 Dec;29(6):357-61; Rachdi et al Diabetes 2001 Sep;50(9):2021-
8).

30 An alternative method uses antibodies directed specifically to markers found on the
various cell types for purification via many well-documented techniques known to those
skilled in the art. These techniques include, but are not limited to, immunochemical flow

cytometry and cell sorting and immunomagnetic purification. A non-limiting example of
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cl ear separation of beta-cells, as judged by insulin content per DNA and
i mmunocyt ocheni cal anal ysis. By use of flow cytonetry or simlar cel Iq? MAY 2006

sorting toQbgsopig Skilled in the art will be able to purppy¥Red&seel IS 1N
hi gh purity using this or a conparable technique. 25 Pancreatic delta cells

express somatostatin, anong other markers while pancreatic PP cells express
pancreatic pol ypeptide. O her markers for these cell-types include:

receptor fo LRL.N: t [ |.nase

(Seher ger RS EREa: Ml kel B (CEABLEL T YRER B KhRART ., .
Di abet es 20@ianBepstis Padiple? Odatedsyith spacifidantiotlies (iat inswinnglrtagdnsoamtoatatin bodi es
directed specifically t rsarkers found on the various cell types for
purificati o"ﬁl’e'r"é"aﬁ%ﬂémﬁﬁﬁ‘f *docunent ed techni ques known to those skilled in
the art. These Umebfbgines skiltinultkeart Will recugaize diat kiovint aatbritretrid, finvreaeheni cal

flow cytometry qlnd.cell sorti ng .and i.munonma petic. ri
mimoe lg@ ‘%}56{!%.

fication. A
non 1 i mdt i HEFRaThamisaG oLy BEaig, A (e PhvEdiem bR Mg 3 7 3

| Munonmagnatadily @steitdih € fpredence BY Ss¥ig® of DEndsgespetifil yaageads which are uniform
par amagneti c pagrtéi cl es cogt d with specific ar_l%:i bOd%aﬁfgﬂ"e' i nsulin,

gl ucagon, somat o5t B °‘§5‘ﬁ%‘r &% i 1BVepBPY PETIFE) 2 egntigedi fefAFdski 11 in
the art w lddipoec@giNbeflultRRin dNQMPabAdUeingBAduLE tolekpredsas Bt one geotypic

i mmunochem cal, polynerase chain reaction, chem cal or_radi ochenm cal nethods

can . readfIPJerRblrthamfcHtE 9pderteaicsrll by Bedivm eaplafetrt i ¢
mar ker . 1ol N AfQEARAoE MO ntiafel GidipdVeddrived alllOMEM 21185 d8shitibe bonkd at ed,
| sol ated, adipose-derived adult stemcell capable of being induced to

express at dvesass ofgnaturg adiproytsiearkess- phenot ypi ¢ characteristic of a pancreati
cell within a culture medi um capable of such 10 differentiation. A ‘
dedi fferenti ated adi pose-derived adult stemcell is identified by the
absence of matuB® adVysodySuppart GellssTo Byompte the Diffarputiationcof] the Plippserpt e t he
Differentiation of thgAdiRsEnceasived Stromal Cells 15 . In another
enbodi mrent of the invention, support cells are used to pronote. the : _
differedtiati on of- the adi pose-derived stromal cells. The support cells can

be humans or. , Iy another embodiment of the invention, support cells are used to promote:the ..
differéntiation of the adipose-derived stromal cells. The support cells can be humanior+
nonhuman-animal derived cells. If nonhuman-animal support cells are used, the resulting -
differentiated cells are implanted via xenotransplantation.

20 Adipose-derived cells of the invention are isolated and cultured within a population
of cells, most preferably the population is a defined population. The population of cells is
heterogeneous and includes support cells for supplying factors to the cells of the invention.
Support cells include other cell types that will promote the differentiation, growth and
maintenance of the desired cells. As a non-limiting example, if an adipose-derived

25  stromal cell that expresses at least one genotypic or phenotypic characteristic of a
pancreatic beta cel! is desired, adipose-derived stromal cells are first isolated by any of the
means described above, and grown in cuiture in the presence of other support cells. For
example, these support cells preferably possess the characteristic of other pancreatic cell
types, i.e. alpha, delta, garnma, PP. In another embodiment, the support cells are derived

30 from primary cultures of these cell types taken from cultured pancreas tissue. In yet
another embodiment, the support cells are derived from immortalized cell lines. In some
embodiments, the support cells are obtained autologously. In other embodiments, the

support cells are obtained allogeneically.
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nonhuman- ani mal derived cells. If nonhuman-ani mal support cells are used,

the resulting differentiated cells are inplanted via xenotranspl ant g1 pgy 2006
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b) platmg and incubating the cells in a medium appropriate for the

differentiation of the cells;

c) introducing the differentiated cells into the subject.

25 In another embodiment of the invention, 2 method for providing undifferentiated

adipose-derived stromal cells to a subject, comprising:

a) isolating adipose tissue-derived stromal cells;
b) introducing the undifferentiated cells into the subject.
30 It is contemplated for in the invention that when undifferentiated adipose-derived

stromal cells are introduced into the subject, in one particular embodiment, they are
introduced directly into a diseased pancreas with or without additional growth or

differentiation factors. In yet another aspect of the invention, the undifferentiated adipose-
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Thus, in still another aspect, the invention discloses a nethod for
providing differentiated cells of expressing at |east one a genotypi q DMAY 2006
phenot ypi cyeh\@lidskeristic of a pancreas cell to. a subject PC?R@HH«%H‘Q: 20

a) isolating adl pose tissue-derived stromal cells; b) plating ancf I'ncubating
the cells in a nedium appropriate for the differentiation of the cells; c)
introducing the differentiated cells into the subject. 25 In anot her
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are deri vedincludigen buprmpl limited, tockissus fepair, fegeneration; gaeoniruseer Ak prhancenieat. suppor t
cells are o Lned . F S rihrcell s
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adi pose t| Séé@dnﬂ%‘%{g}ée‘ﬁ% 48loktSin 3W8- Seflieh 136 Goh A sk fHr ROREir G }(@e%&el' S are

nodi fied to: 1 nc a non-endogenous gene sequence for production of a
desi red propupesei @ one embodiment, the dedifferentiated cell is obtained autologously from the

20  patient’s own cells. Alternatively, the dedifferentiated cell is obtained allogeneically.

In still another aspect of the invention, the differentiated cells of the invention are
disaggregated and transferred to suspended cell culture suspensions similar to the methods
disclosed in WO 97/15310 to the University of Florida Research Foundation, which
discloses methods for the in vitro growth of functional islets of Langerhans from

25  pancreatic. tissue-derived stem cells, and grown until evidence of islet cell cluster
formation is observed. Media containing the clusters can then be analyzed by standard
biochemical analytical techniques known to those skilled in the art for the presence of
insulin or other hormones that would be indicative of pancreatic endocrine function. The
clusters or aggregates can then be injected or engrafted into the host tissue for tissue

30  generation or regeneration purposes.
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or peptide.'.-The dedifferentiated adi pose-derived cell can, in an
alternative enbodinient, i+h: be admnistered to a host i n a tvvo OU?)MAY 2006
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allogeneically. In still another aspect of the invention, the differentiated
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injected or engrafted into the sue for tissue enerdtion or
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Encapsul ation The present invention provides a nethod for encapsul ating the
differentiated adi pose-derived cells in a biomaterial conpatible with
transpl antati on Pnt o GenetiMahipulagioe bbtheAdjpae-Reried Cdlksef drcapentioat i on
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of genetica d|f|n h cells.an ul.at i ons. nuclejic acid,

construct BT mebtE siiTivar Sutel of R rERGHRAAC Y mofk B¥EEPIE 435580 15

i ntroduced cmmmamelar mbleaﬂe PSindeanghahdlecudss: amheapylﬂt bfautabinoed fehlimatias a

non-replicati i.ch can

ol ecul e or MAgah et 8 Blhon i atison o ER PR IaP BT IR i nce
such nol ec ub&ﬁesabﬁ of Iﬂ(bam&bdhﬁ.edﬁeqaﬂfcﬁn@ﬂﬁuﬁtwﬂﬂpeﬁﬁérle@lﬂexpmsilhouin ageuori gi n of
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can occur 20 thrlaugh érﬂi&din[&aegrﬁctoens @mplolged mhichoisl wapabieDOAInsgeImgake i Nt o t he
host chr Ono(?e%mead gene sequences into the host cell chromosome. Cells that have stably integrated
the introduced DNA into their chromosomes can be selected by also introducing one or
more markers which allow for selection of host cells which contain the desired nucleic
25 acid sequence. The marker, if desired, can provide for prototrophy to an auxotrophic host,
biocide resistance, €.g., resistance to antibiotics, or heavy metals, such as copper, or the
like. The éelectable marker gene sequence can either be directly linked to the DNA gene
sequences to be expressed, or introduced into the same cell by co-transfection. Preferably,
expression of the marker can be quantified and plotted linearly.
30 In a preferred embodiment, the introduced nucleic acid molecule is incorporated
into a plasmid or viral vector capable of autonomous replication in the recipient host. Any
of a wide variety of vectors can be employed for this purpose. Factors of importance in

selecting a particular plasmid or viral vector include: the ease with which recipient cells
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desi red gene sequences into the host cell chronpbsone. Cells that hav8 sM%Ybaﬂ%
i nt egrated Latroduced DNA into their chronpbsones can | ect ed by
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RGN RN TN T T T e R
replicates gholifeftsion @hd at least one copy of the introduced DNA remains in almost every
daughter cell. Introduced DNA may be maintained in cells in either of two fashions.
First, it may integrate directly into the cell's genome. This occurs at a rather low
frequency. Second, it may exist as an extrachromosomal element, or episome. In order
25  for an episome not to be diluted out during cell proliferation, a selectable marker gene can
be included in the introduced DNA and the cells grown under conditions where expression
of the marker gene is required. Even in the case where the introduced DNA has integrated
in the genome, a selectable marker gene may be included to prevent excision of the DNA
from the chromosome.
30 The genetically altered cells can be introduced into an organism by a variety of
methods under conditions for the transgene to be expressed in vivo. Thus, in a preferred
embodiment of the invention, the transgene can encode for the production of insutin. The

cells containing the transgene for insulin can then be introduced into the pancreas of a
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PDX1, GLUT2, neuroD, and neurogenin; (b) detection of intracellular proteins by

immunofluorescent methods such as flow cytometry or in situ immunostaining of adipose

tissue-derived stromal cells using specific monoclonal antibodies; (c) detection of the

25  expression of lineage selective mRNAs such as HNF3[, Isl-1, Brain-4, Pax-6, Pax-4,

Beta2/NeuroD, PDX-1, Nkx6-2, Ngn-3, insulin and Glut-2 by methods such as

polymerase chain reaction, in situ hybridization, and/or other blot analysis (See Gimble et

al. 1989 Blood 74:303-311).

30 F Use of the Cells of the Invention as Therapeutic Agents
The cells and populations of the present invention can be employed as therapeutic
agents. Generally, such methods involve transferring the cells to the desired tissue or

depot. The cells are transferred to the desired tissue by any method appropriate, which
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1994 Bl ood 84:4164-4173) insulin, glucagon, somatostatin, pancreatic

pol ypeptide, nestin, PDX1, G.UT2, neuroD, and neurogenin; (b) detectgpmaphoos
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I nvention as Therapeutic Agents The cells and popul ations of the present
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di sorders associated with endocrine dysfunction of the pancreas are of
interest, or disorders that can be treated with glucagon, insulin,
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pancreatitis-associated disease, or a trauma-associated disease. The disease state can be

20  the result, for example, of an autoimmune dysfunction or infection by a virus or some

other infectious agent.

ii) Glucagon-Related Disorders

Glucagon producing cells can be used for the treatment of: chronically
25  hypoglycemic patients as implants that release glucagon systemically or on demand,;
irritable bowel syndrome or similar conditions that require smooth muscle relaxation; and

obesity by stimulation of lipolysis by glucagon in fat cells to reduce adipose tissue mass.

iii)  Pancreatic-Polypeptide-Related Disorders
30 Cells secreting pancreatic-polypeptide can be implanted and used for the treatment

of: non-insulin dependent diabetes mellitus, obesity, or any condition that results in the
hypertrophy of pancreatic beta isiet cells, insulin resistance, or abnormal glucose '

production by the liver.
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20

associated with excess GH and trophic factor secretion. The ability to suppress these

secretions is useful in the treatment of disorders such as acromegaly. This activity is also.

useful in the treatment of neuroendocrine tumors, such as carcinoids, VIPomas,

insulinomas and glucagonomas. The somatostatin-producing cells of this invention are

also useful for treating diabetes and diabetes-related pathologies, including angiopathy,

25  dawn phenomenon, neuropathy, nephropathy, and retinopathy (Grant et al., Diabetes Care
2000, 23, 504-509). |

In another embodiment, somatostatin-producing cells of the subject invention are

used to treat vascular disorders including bleeding disorders of the gastrointestinal system,

such as those involving the splanchnic blood flow and esophageal varices associated with

30  diseases such as cirrhosis. The ability of somatostatin of to mediate vasoconstriction also

renders the somatostatin-producing cells useful in the treatment of cluster headache and

migraine.
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endocri ne pancreatic secretion and the telease vari ous pept
gast r oi nt estsefidlin treating gasThingestinkialisodees, deteaample pr the treatmgnto] Ipb]slcaﬂ@rs usef ul
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obstruction; Chr oni cér pepsi a eroder ma,
irritable bsmﬂtomesy,‘mhntsmeaﬁr dlmpisg slyrslaame watbmrrﬂun@awﬂrommndv‘barmey

(see O bor | SER S0 dBE dECApRS SR LRI SUCOBRRBIRCR Sadtbes: . °
175-230) . 2Bndwmriaclsgpeldethbatisre 1B ilnEIRH230).ne somat ost ati n- produci ng cel | s
di scl os%i her el af gpecnﬁc embodiment, the somatostatin-producing cells disclosed herein are

also functional where somatostatin is required as a neuromodulator in the central nervous.

system, with useful applications in the treatment of neurodegenerative diseases such as

stroke, multiple sclerosis, Alzheimer's disease and other forms of dementia, mental health

disorders (such as anxiety, depression, and schizophrenia), and in other neurclogical

25  diseases such as pain and epilepsy (A. Vezzani et al., European Journal of Neuroscience -

1999, 11, 3767-3776).

The somatostatin-producing cells can also be used in combination with other
therapeutic agents. For example, in the case of treating organ transplantation, examples of
other therapeutic agents include cyclosporin and FK-506. For treating tumors, examples

30  of other agents include tamoxifen and alpha-interferon. For diabetes, examples of other
compounds include metformin or other biguanides, acarbose, sulfonylureas
thiazolidinediones or other insulin sensitizers including, but not limited to, compounds

which function as agonists on peroxisome proliferator-activated receptor gamma (PPAR-
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Nos. 5,902, $441,885] Vacahfi3 168 Patett Msl\sam36 802, W addcet QL1 ©.8CBRent NOC5 8040178, Pat ent

No, 6, 139, 74 Vac t al Patent No. 5,759,830, Vacantj et al.;
U.S. Pat ent gﬂy% 5‘t°“\/§8a§t7 ?@;41?). L A i\& Pategizho. ﬁg%’{?écanti et
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To produce such a structure, the inventive cells and populations are maintained

U

under conditions suitable for them to expand and divide to form the organ. This may be.

accomplished by transferring them to an animal typically at a sight at which the new

matter is desired. Thus, the invention can facilitate the regeneration of a pancreas within
25  an animal where the cells are implanted into such tissues.

In still other embodiments, the cells are induced to differentiate and expand into
tissue in vitro. As such, the cells are cultured on substrates that facilitate formation into
three-dimensional structures conducive for tissue development. Thus, for cxample_:, the
cells are cultured or seeded on to a bio-compatible lattice, such as one that includes

30  extracellular matrix material, synthetic polymers, cytokines, growth factors, etc. Such a
lattice can be molded into desired shapes for facilitating the development of tissue types.

Thus, the invention provides a composition comprising the cells and populations

and a biologically compatible lattice. The lattice can be formed from polymeric material,
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Those skilled in the art will appreciate that lattices suitable for inclusion into the
composition can be derived from any suitable source, e.g. matrigel, and can of course
include commercial sources for suitable lattices. Another suitable lattice can be derived

25  from the acellvar portion of adipose tissue for example adipose tissue extracellular matrix
substantially devoid of cells. Typically such adipose-derived lattices include proteins such
as proteoglycans, glycoproteins, hyaluronin, fibronectins, collagens énd the like, all of
which serve a excellent substrates for cell growth. Additionally, such adipose-derived
lattices can include hormones, cytokine, growth factors and the like. Those skilled in. the

30  art would be aware of methods for isolating such an adipose-derived lattice such as that
disclosed in WO 00/53795 to the University of Pittsburgh, incorporated herein by

reference.
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can addi ti omathlefidqrdiai 6blsC TR ﬁ@tﬁ'lk@ﬁmftﬁér%aﬁlﬂem bidodaeist @r a@etusts afléhe The

matrix i s character zed b net wor k of ns f tionall urv ent to
the nat ural e YiEaleppge é’a B 12afasguiar OBF“Tf{E“?W@gﬁJ rqug %6‘%59 “ﬁe ffpl ant ed

cells and t lfad-fort fabfiédnion tchnigaes réfef B andethedicaknod@l inSthe TRahdTBullEXai S
further pl e ood ve sels or other ducts t the _tine | ant ati on
to for m éi%‘BﬁF’éS “@Pe'ﬁt?é‘?r‘? °hat hefTEs f’ﬁ?(ﬁ‘ﬁﬁ?ﬁ'@iﬁ?{‘ tfeErsralhe '?eth‘ﬂe{‘?é’a“ngfaee form
fabricati onadpeAnofitRSwilith Qiridnp o BptYyme@iNitibfdfic aR@vbmpdiité RRterihls td BrRdtebui | ds a

structures with defined compositions, strengths and densities. Thus, utilizing such

methods, precise channels and pores can be created within the matrix to control

subsequent cell growth and proliferation within the matrix of one or more cells types
25 having a defined function. In such a way, differentiated cells of the present invention,

corresponding to the various types of pancreas cells (i.e. cells possessing at least genotypic

or phenotypic characteristic of a pancreas alpha, beta, gamma or delta cell) can be

combined to form a partial or whole organ. Such cells are combined in the matrix to

provide a vascular network lined with endothelial cells interspersed throughout the cells.
30  Other structures can also be formed for use as lymph ducts, bile and other exocrine or

excretory ducts within the organ.

The cells, populations, lattices and compositions of the invention are used in tissue

engineering and regeneration. Thus, the jnvention pertains to an implantable structure
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20 conpl ex 3-di nensi onal object as a series of 2-dinensional |ayers. The

met hods can be adapted for use with a variety of polymeric, inorgani{c MNd2006
conposi te wRtBlksaks to create structures wth defined compesjfshHRsys
strengths and densities. Thus, utilizing such nethods, precise channels and
pores can be created within the matrix to control subsequent cell growth
and proliferation within the matrix of one or nore cells types 25 having a

defined f t I t I f

ventt o Repotaisbait et ugmet EM4eS Bhe Flpt Rk sk BEARERE . ot
possessi ng adry hezaglingge nind yspidesiredr Tphmpm;lcunwoﬁﬂmwﬁiamte fidsiecor@hn &mpﬂacr eas

al pha, beta, gamm or d conbi.ned f or maagurtlal

whol e or ganiMEHHeR U OF S“ﬁﬁ%‘“‘i"o rgh%“ﬁ g’& e’faﬁ’plleh an mlf”?tfa’? Bom?ﬂs&%p 10928 cul ar

networ k |i ngd indchiivee bt thal aralung@bdise bﬂﬁa:ﬁlfc:&aﬁd aﬁﬂerédmamwmpﬂ&natmee&ehl s. 30
O her structures can al so be for rred for g aks h ducts, bile an’gl ot her

exocr i ne” or Witk @l @tien §f afyielde §ps sl T“T”l"é'et'i'r 3"T’n'e° "cé = '§J°°tp'o°p"tﬁ"§f%"6ﬂs

lattices angiugg PR eﬂcs)uefge the gbrdeMast bP Peg@ﬁ@aﬁb%eﬁlf mAtukd padRaticeRgueeeri ng
and regeneration. Thus, the invention pertains to an inplantable structure

33 0 3 MAYWBEDH#eWeSign/ 039489 PCT/ US02/ 36373 i ncorporating any of the
di scl osed | nVent’I’h\é%dfp%%dHrﬁéd laﬁh:@ 1@8&%@&1&3&9 WhBldbd b Bart 514 &Mt cutthide! kit. Vary

accordlng to the use desired np ant can conprlse mature ti ssue or can
i ncl ude i mierordiegly.iths ueer@irontme\'ldetatklfceclumnguéhef Brvensive gpipese-dgrivadnipttisnt can

corpr 902 BALeE AR O HHAACIL Ly fhg IS (A Sl TETATLARD!

pancreat|c erenti ati on, pt|0n
sui tabl e si gmpatitle diaken solotionsSpesparech cplhwhm msdla,np@m:e@r eymbinatinng af t ed

W Ehin & hostivhQleCRERUNANN &G IRNELA b3l AUBNARSLLIN LR Efy

pancreatic tissue atient.  The a ose-deri Icels
conveni ent | {whetlrpr oylémidagr Ipa\rdteredffom)caﬁtlblotwﬂ, hqrmpnhs and thadikor AWhilgltye kit he

| nvent on PEAYIRS s Kk iADGHAY BRLERE LGRS AUNERS e lBIA Y Hlobas Li co 10

and one or nore ot
physi ol dgi ctaé Icgltmmﬁawmbth@fshﬂ deseectayllutmanrmqpeppepbmacbncérhle dexired kneanredl a,

serum or ooty NALION, Al aSNANLYRTRIC Rl | culture substrates

(e.g. dishes, V|a nmedia (whether in liquid or
powder ed for rr) mntprdsermﬁnvest;onhmwmﬂes dandbddhmrb ifikky. by\the foﬁowing ekdngplescan

i ncl ude any l§y(§nhl,e,|1t rrﬁ%! fr‘,ﬁ%véverp e&%o%[%&% %r?sfogn af{dns(ﬂé'ﬁ é'?Fs upon

necessary to sup cul ture an
pr oper conbcqnattue(bras lifrtited die gher egcbollintents aet foah $lcrcm¢dtthdethc®| ¢nsbotlimmentsaare seeded

|00 they | 2biae Ao ASRE ARl TIFLPRSRSH ol UEIALO R 1AW At doy S, dlescr bed

nore fu Re”Or OT 1 O ng
enbodi ed i nscnmr;ftlmh 1hfemnemtothmerskxliemﬂtlmtml d not be

EXAMPLES
25 Example 1
In Vitro Inductive Methods

Adipose-derived stem cells are isolated from liposuction waste material as
described (Sen et al., 2001, J. Cell Biochem. 87, 312-319). These cells are continued in
culture in the presence of (but not limited to) the following media: Neurobasal™
30 (InVitrogen) supplemented with or without fetal bovine serum (FBS), N2, B27
{InVitrogen), or basic fibroblastic growth factor (bFGF). Modulation of glucose levels in

the media is performed. Cells are seeded at various densities and fed at intervals of every '
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construed as |limted to the enbodi nents set forth herein; rather, these
enmbodi ments are 20 provided so that this disclosure will be thorough GhdAY 2006
conplete, and will fully convey the scope of the invention to those skilled
in the art WOBYRMRPLES Exanple 1 In Vitro Inductive Met hEGE/USI2/36373

Adi pose-derived stemcells are isolated fromliposuction waste nmaterial as
described (Sen et al., 2001, J. Cell Biochem 81, 312-319). These cells are
continued in culture in the presence of (but not limted to) the foll ow ng
medi a: Neur db&salsTNWGD plcfersbly,rtbgeay sedpbitendensigdofidbblt 1100w alivot500M80al

bovi ne ser umeﬁSI?BS), N2, B27 (InVitrogen), or basic fibroblastic growh
factor (bFGFS. dul ation of glucose levels in the nedia is perforned.

Cel | s are seededDatiny ahd oulturel @asod, i cosditdoned frmelizats amilyeed akiag abmeesiafly- 34 0 3
MAY 2006 WO 03./ng94 9.PCT/ US02/ 36373 3_'&5‘36‘%‘5' I\/bg)t tgr ef erfab i t hey are
seeded at a HEREETHIGHMDYBASSYH B0 GHYITE BHONOOFPasFaYS U Mg t he

cul ture peripgdredio hdindnedReul EAntrits [APSkOACProth§td) JeieABIIE keihadstayin, aadai | abl e
radi o-i m’runoassa%/% 0@ eﬂr‘:iééﬂ?-l |‘;llgrgcg iéggunosorbent assays for the endocrine
5 pancr eat i PHBFHERESPY e RAef IS ClA Laboratory Products), gl ucagon,
sonmat ostatin, an@xpreaiar EpheSotPsit ViReRtd sbodidreNivith UhaldiERRG A6 Jof vERIgUseSSI ON
of phenotypic markers associated with the differentiation of various

endocr i ne” paeecEas paprgas Iopl dingrsss areassgasd by agalysis 2h MRNA SYRT-RRRASHS RT- PCR

using speci s%é&ﬁoq&hﬁ@ﬁ for tiRfolid¥@nd @’Illé! RMiRfed BY Eend® trNe3E e d ﬁrﬁ’i)l-4gpé61"e§:

HNF3(3, Isl-1, Brain-4. Pax-6, 10 Pax-4, Beta2/NeuroD, PDX-1, Nkx6.2,

Nkx2. 2, MNyn-Fx-4i Beta?/NauroBnBD& Ly Nkx6. 3@ e Mgndeinswin, aeGlitdyaFhearesengad t hei r
associ ation wi ri X I i i bed
R ya et ek BRAGH d RRRCSRRSY SEh HadiAle RERRaPLAKAY blof préfiaE

Devel opnment dex7ibe3ABBn3B42; alF 088 eats Med. o, . 27812397 Sciwmitgebs! rad| abg 20288,
1750- 1762; ' 352008 Diabat.es - 533: dwahl-et. al .,
2000, Proc. liﬁ%lﬁi‘\‘ﬁ%léa%? ?(:?}3.35%5’ %f @&Aﬁﬁf I%Oﬁﬁé%%ggg?%nmpsqg%hem cal
(1 HC) anal ysAubewekil dt ab) 2081.0@iabetesf 3r $ad 533 uGSHadyoldret il @80 & Premg Mathstcad gt not
i ted 19) any Rlort iRraReKe ARRGLABhRAST BHEY Sary FEUR R0 tP1RMBR2 20

CGene Therap
using antibodies against (but not limited to) any of the above described phenotypic

markers.

Example 2
20 Gene Therapy Methods
This method includes the insertion and expression of any gene that results in the

induction of an adult stem cell to differentiate into a cell expressing at least one genotypic
or phenotypic characteristic of a pancreas cell. These genes may include but are not
limited to the controlled expression of the transcription factors HNF3p, Isl-1, Brain-4,

25  Pax-6, Pax-4, Beta2/NeuroD, PDX-1, Nkx6.2, Nkx2.2 and Ngn-3, Potential methods for
introducing nucleic acids into the cells include, but are not limited to, electroporation,
calcium phosphate, retroviral, adenoviral or lipid-mediated delivery as described in detail
above. Cells are analyzed for differentiation as described in detail above and in Example
I.
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This method includes the insertion and expression of any gene that results
in the induction of an adult stemcell to differentiate into a cell 03 MAY 2006

expr essi nguad ohBagH one genotypic or phenotypic char acterg,%tr';&"ﬁ;“%
pancreas cell. These genes nmay include but are not limte t he

controll ed expression of the transcription factors HNF30, Isl-1, Brain-4, 25
Pax- 6, Pax-4, Beta2/ NeuroD, PDX-1, Nkx6.2, Nkx2.2 and Ngn-3. Potenti al

met hods for introducing nucleic acids intg the cells include, but are not
limted to, electroporation, calciubi¥PRedhate, retroviral, adenoviral or

l'i pi d-nmedi ated delivery as descripbggh Hang@hadrdon above. Cells are anal yzed
for differentiation as described in detail above and in Exanple 30 0 3 MAY
2006 WO 03/ 1139488 ity oldmpreeay nventiprpare implppted iy §iver @n disrapautiet yserin The

cell's of thg,RbESENIn \ih@ﬁ'@é}frlieﬁ’ﬂc}%ﬁ{:]ﬁaﬁ H}Q{)j)‘_agﬁs? uiﬁagvaioﬁp?mmh@fsma jh use in

animal s and 1 n the treatnent uman di sorders-resulting from nal function
of endoc?i neancBaprssuese sushtas Jyped disbeieh Begstigpedent diodéie farghesExpyicatioms r odent
nodel s for i: ' L. NC e | i n-de - e

i abet i ¢ ( NPy ORI E SR hEbESkidte HASH) B ACRETIHEF D AERe AReS

dest r uct i ondiebetic shretigh estructmatafesiets by tiratsenepit soemegotocinl (melebky etedl., al . |

2001, Sci en 2 - rar Rl 1.2 € , Di ab i 4. . 407-415).
ND i co  nadd St S PERPiRed B prithe B R AR, Rolinef o/ ol
produced f r bave pracicused tforciniplantition alf patceeatic BlekssandSaetis pretucal from PBRxteatic

Di abetol.pgi a 44, 407- . Lunel al ., .2001 i enc 92, .1 -1394;

St aoal 1 189" Byt ssfip dafs (Spris 8 208, Biatthioaid B9 407151 ERBRO) R ke 200, L
express at Bedeast 200d388 My ficgalbét ap/2O0 D \Differentiutadaetileof thé pesenf ingengiamcr eas
cell are used for i | antation.intq the. ani |  .which nornall nust be
it med” Bt axRb A ThasEitertion tirie Bt PhehalSwip st RG Of * Prgmar Gl e T he
aﬂi mal Is for for rmbagﬁapibrnmrt]@dl&sg@[s uﬂilgiana&hi&ﬁnmggdmz@ é)iannamﬂam&l aF sdany |

channe 1S create LN the su apsul ar r on.o | ey. sul e using a
27 gauge nelMHI Bectans Jor SYEMALq BEppiRg Pt theerials Jor Implant ingHEes amreical \og. 6,
ﬁ78- 282)13 lAp@&eﬂniei ﬁlgr.'fliQIﬂQESIﬁ)eflI aml _néllqg c&aﬁ@qﬁitﬁ\esnlalap‘snﬁasegmi bﬁaa&ﬁﬂﬁyed from
uman adult stem.ce S are | ant e usi n . cat het t he openi ng
to the chanfRPFUlC Usiig & 27 gage neprlg s %"FH&‘E'X/@%H%agEﬂP%’a@h 6@5%%1% in

whi fh a 3 Ul(DG,UZR%Q}JSAS:%t:IrﬁngZ) th%@@ngﬁ-l-‘B?/ghdddgﬁe %'I?rgregi gejﬁlar&flvaigﬁlo;?] hﬂ?@eLI S
|rrpante mya et _al.,. , t. - . dn ot (0] ese

i mpl ant nod%a”g,%%é’ﬁ{l%brérlg’cpg&t%’% %é‘nghﬂat'\m ?Hdc'g‘erﬂFFmH%d%#tj’o‘?tH@"é any
procedure Sefukfizals AOMteHAtiSe proY&furetar b exdiinadan waithfaGlbinBehs ikeoSiE gi cal

rocedure the animals are weaned fromithe daily insulin_.injections. As an
ipn dex f@éP fshulderagngprepared and the cells implanted (Ram?ya et XI. 208& Nat. Mecf. 6, 278-282).

In both of these implant models, sham operated NOD mice and NOD mice not undergoing
any procedure serve as controls. Over a 2-7 day period following the surgical procedure
the animals are weaned from the daily insulin injections. As an index for functional
insulin-producing cells, animals are monitored for blood glucose levels at various stages
25  using an AccuChek-EZ glucose monitor (Roche). ELISA assays for human insulin and
other endocrine pancreas hormones are performed. In addition, immunohistochemical
analysis of the implant sites are performed using human specific antibodies against insulin

and other proteins potentially produced from the implant.
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i nsulin-producing cells, animals are nonitored for bl ood glucose |evels at
various stages 25 using an AccuChek-EZ gl ucose nonitor (Roche). ELISAgg$ggmm5
for human yasHlhdigand ot her endocrine pancreas hormones agenp§hipi-ged. I'n
addi ti on, 1 munohi stochem cal analysis of the inplant sites are erfor med
usi ng human specific antibodies against insulin and other protelns
potentially produced fromthe inplant. 30 WO 03/039489 0 3 MAY 2006

PCT/ US02/ 36373 Exanple 4 Encapsulatlon Cells inplanted as described above
can be imuno-rejected. In an effortExa@peshbat this, nethods have been

desi gned usi ng encapsul ating natrlqg@qughmaIIOM/passage 5 of secreted

hor nones fromthe encapsul ated tissue, but serve as a protective barrier

agai nst a host GeHinimplanted 6 (desosibed I@Wfa“éle wmunozgigeied. N an\effort ©: 278: 282.
Such b | Med
uch barri e&oﬁrbﬁ?tﬂ h@ﬁb%’s vé Bé‘enhi\éé‘} B A%h e&ﬁhﬂla'ﬂ@? fderRed tREHbR pX%%Eg_LOgQ

Sweden, Uppsa weden For approach arting range o 106
endocri ng p@fmeqr@athmbn@ v the enicapsudatad tiysueplpht setué &s apretastive basienagainst

encapsul at eghd Pln el sl PLANL baﬁﬁgM 8 GyRsaueHt BRRaSyST e

ani mal s weane in SCribed above i n )
15 Exanpl e Bcludd ﬂhg(jwaiQIWCTacahbq;t@mldtestehn (QeadSivedor, .lhmsazla;nsmﬂem)mdel for

o] I
oo " ookl M IppRAN SRR BN AS0ERR AR GBI L o8 °L 1
e.g. CBA (Huzdep aiuit BﬁhBﬁeﬂs(ﬂe chiapsblated detoathe gtsedThasm@ﬁut tplasd:dem cel |
d d d d d,f dult st
A e T A R L O

cells. e T §"%f S %in A or
Strain B adkdampit®m cells isolated froma donor popul ation of erl ne
gonadal adi pocytes in an anal ogous manner as described above for human

adi pose-derived stemcells. Recipients for Strain A or Strain B are
rendered diabetic by treatnment with streptozotocin (Stegall et al., 2001,
Transpl antation 71, 1549-1555). Tr arks’gll artés are established such that
donor\reci pi ent 25 conbi nations are: ogeneic, Strain Ato Strain A and
Strain BBto Strain B; 2) A||Ogﬁl‘a;gtrmc1$§rfsﬂbﬂtaﬁoﬁ0 Strain B and Strain B to

Strain A, 3) At | rd m)del tozotici n-induced di bet.l c, hude
(i munodef i ci ent3Pef¥EEPIELOF, %‘E‘?’ﬁll ‘{E? r SXgoHure ?:li fefreio: transplantation has
: been described {Stegall et al., 2001, Transplantation 71, 1549-1555). - Two strains (Strain

A and Strain B; e.g. CBA (H-2k) and BALB/c (H2-d) of mice are used:as adult stem cell
donors and as recipients of endocrine pancreas cells derived from adult stem cells. The

20  donor endocrine pancreas cells are produced from Strain A or Strain B adult stem cells
isolated from a donor population of murine gonadal adipocytes in an analogous manner as
described above for human adipose-derived stem cells. Recipients for Strain A or Strain B
are rendered diabetic by treatment with streptozotocin (Stegall et al, 2001,
Transplantation 7/, 1549-1555). Transplants are established such that donor\recipient

25 combinations are: 1) Isogeneic, Strain A to Strain A and Strain B to Strain B; 2)
Allogeneic, Strain A to Strain B and Strain B to Strain A; 3) A third model using
streptozoticin-induced diabetic nude (immunodeficient) mice as a recipient for donor cells
from Strain A or Strain B. Animals receiving transplants are monitored and analyzed as
described in Example 3.
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fromStrain Aor Strain B. Animals receiving transplants are noni tﬁl’seﬁim%ﬂg
anal yzed as described in Exanple 3. 30 0 3 MAY 2006 WD 03/039489

PCT/ US02/ 3@y @sskiganpl e 6 I nsulin Detection Assay In any @bkyliig:s8hd
cultures of the current invention, production of insulin is detected as
follows. Briefly, cells grown as in any of the above exanples are washed
three tines 5 with serumfree nmediumcontaining 5 to 25 mml/1 gl ucose and.
incubated in 3 mM of serumfree nedi %mfor at | east 2 hours. Subsequently,
conditioned nedia is collected, and KHEREPn | evel s are neasured usi ng a
mcroparticle enzyme i munoassaynstABabdidh 4syst em I nsulin kit code B2DO 10;
Abbott Laboratories) that detects human insulin with no crgss-reactivity to
proi nsulin or C-ap¥ phie celbcuiturssof the puregt Wyentiopgirequctiofn feipsulyp is detected

Three-di mengi sy, Bh@ﬂy,%l!&%r@%ﬁ a8 frfar& OF Blea86¥eS6kambRE aRERELhr@¢aREdi Ng to
the 15 nmethod of Lunel'sky et al (2001, Science 1389-1394). Briefly, cells
are cul t ir edvithgewarfieengedivmt ¢ontairinm § de 26 mmaldeglugose mrdyinsueated ek ol jobed
herein. Cel 'sérmﬂ!ﬁeee'n{éhfuinﬁfo} ¥ leddf 9}9&"&05&855%%&92, é%nﬁﬁ'ti%l{d%&%i’sﬁ&ﬁgteﬁgﬂ&” ation
of nestin-positive cells 1n suspension and are supplenmented Wt %?rumfree
| TSFn nedi ainstine devels cielimdagined msive apménmopatticlenenzyme | imerupgasssy (A%SH¥Oporti on
of nesti n-pQ&i.t] : i LN, t r. of bFGF
'n N2 ser um PraL R fois 520t Aok PR e uddd iR IRBRTRRN 50 O

i nsul i n secrcsi-mactivisy &t proinsidingr C-peptiddbFGF is then wit hdrawn fromthe nedia
that conf,ains B27 nedia supplenment with nicotinam de. The resulting
aggregates or clusters are then be identified and verified as

i nsul i n-produci ng by any neans known to those skilled in the art. 25 Exanple
8 Isolation of Specific Pancreatic CEI I é%(pes Differentiated frorn Adi pose-
Derived Stromal Cells 30 Single rat i cells were initially incubated
with the beta-cell surface speci file Chart Fhodyiog KL4D10 nouse 1gG for 20-60

mn. A suspensi of ..Dynabeads coated with a secondary, antibody, (anti-nouse
196 vas added f BP-GITRPLHAF S8 T 4P Qpriiel T ratnble. sccordito' e
15 method of Lumelsky et al (2001, Science 1389-1394). Briefly, cells are cultured

according to the methods outlined in Example 1 described herein.  Cells are initially
grown to produce a highly enriched population of nestin-positive cells in suspension and
are supplemented with serum-free ITSFn media. These conditions have been shown to
increases the proportion of nestin-positive cells. Cells are then expanded in the presence
20 of bFGF in N2 serum-free medium. To induce differentiation and morphogenesis of
insulin secreting islet cluster, the bFGF is then withdrawn from the media that contains
B27 media supplement with nicotinamide. The resulting aggregates or clusters are then be

identified and verified as insulin-producing by any means known to those skilled in the art.

25
Example 8
Isolation of Specific Pancreatic Cell Types Differentiated from Adipose- Derived
Stromal Cells
30 Single rat islet cells were initially incubated with the beta-cell surface specific

antibody (K14D10 mouse IgG) for 20-60 min. A suspension of Dynabeads coated with a
secondary antibody (anti-mouse IgG) was added for a further 15 min, after which the

Dynabead-coated cells were instantaneously pelleted by contact between the tube and a
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Dynabead- coated cells were instantaneously pelleted by contact between the
tube and a -38 WD 113/039489 0 3 MAY 2006 PCT/ US02/ 36373 nagnet ( Dyr(ah MAY 2006
MPO) . | mmwweydomaem stry was used to confirmthat the Dypabgask;cgoat ed
cells contained insulin and to quantify the efficiency of the method.
Dynabead- coated and non-coated cells are stained for insulin and gl ucagon.
Dynabead i mrunopurification yielded 95% pure insulin-containing beta cells,

5 which rel i I~y N i I i an

ol Ucagon. | 0SSP NG, "o RaRERAS bl SASd RECH R Blee: | 1,
cells is simaed calanphtyinkd diselin alvhie quaatify die efficienayoatt thel netidds DySwemes st ul
separati on istaaclai eved udsi 09,33 fe‘yv as 30 i IFts as starting material.

Usi ng t he “CORe ngg"g%af %yngﬁégﬁ'gc@éfné '“68?5“8%5% show equal

suscepti bility Dymbead ahmerpurificationd yialded dabingereamsulinrconaiiigd betel dels,

(Hadj i vassil.ioqu et al D abetol ogia. 0 .2000 .Sep; 43(9):1170-7). .

o i oot OHUSTRERSS R BAoarRon e me R AR i BT G2l EE ne ¢ o
o]pe hs ki |l elﬁ_"rm ihddéin adirttertt@g\]ﬂ_}fhé.ﬂ&ad-&;l‘a&dibetéﬁtﬁﬂd idarsig@.ﬁ_rcraﬁtilymigﬁ@¥li;]dﬁghéftm benefi t
of the teachings resented_in the foregoing descrjptiaqns. erefore, it is
to be undermSrsoed el SHReeIShl dpRaraan SEAChieVadisnecAsdEv 3 e & SPHBE speci fi ¢

enbodi ment smaldrRt | DS@Htha Tebridrakssip Byhiteat dcaRd baRdend v eqaaiodepmintiy are
i ntended to: be .included within the scope of the _appended clains.  Although

speci fic t dp REokipesindurst RN dpaags; 4y nog-rened fells (Fladijvaspilign giedl deisbetolpgin

descri ptg veoosspss@nliyo-and not for purposes of linmtation. 0 3 MAY 2006 VE
CLAIM 1. An isof ated adi pose tissue-derived stromal cell that has been
differentiated to express at |east one characteristic of a pancreatic
endocrine cel |, MyagkRidAs ahe ofRARASSANERS bE theSinvédkieE WAA beldpParedths olik OuUP
consisting of alkaline pho;sgha_t ase, CD44, CD 146, integrin beta 1 or

ost eopont i rékilled jips thej aat tywhisadbin, inwatien pastains ihgying dhe benabf of Hhst prbies de,
nestin, PDlasedddifl the B@ESiINDescriohO IBReRore, E & be thdrstood BhGthdindentibRX- 6,
Pax-4, Beta2/ NeuroD, PDX-17 Nkx6-2, Ngn-3 and Qut-2. 2. The cell of claim
1, wher®in it ps tel imifed to Hgispesific ambatliments diseipsedand that mpdificatiogs amfitpgheg el | of
claim 1, WaghBhihelird Sinabd (b HUEAHack Owllid FRY SRk ACunt Mpldnils cfhimaThe Cel |
of claim1, wherein exogenous genetic material has been Ihtroduced into the
cel | . 5. Thuthewgh spedifie reamsrare, emiiyed hereipniex ae|useds inhg, gengric and- descriptive

sense only and not for purposes of limitation.
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6. The cell of claim1l1, wherein the cell secretes a hornone. 7. The cell of
claim6, wherein the hornone is selected fromthe group of hornones {3 MAY 2006
consisting of insulin, glucagon, somatostatin, or pancreatic pol ypeptide 8.
The cell of claim7, wherein the hornmone is insulin 9. A nethod for
differentiating isolated adi pose tissue-derived stromal cells to display at

| east one endocrine pancreas cell marker conprising contacting an isol ated
adi pose tissue-derived stromal cell with an endocrine pancreas inducing
subst ance, WR&LAMM: sai d stromal cell exhibits at |east one characteristic

sel ected fromt heAE'isQH&dﬁﬁﬁ&bﬁﬁsh@BerﬁEd ﬁﬂohﬁi dell haPiHe SR RS tiatbd Wb Axprbdd 146,
i nt egr| n beta | or osteo Ontl n, 1 nsu 1 n, 'L:cagon somat ost at i n, pancreatl C

pol ypept i dé leas gaq gharactpsjsRg of agapprestic ﬁ’é‘l?FrHB“ ShPsigdbs ﬁ’i‘afaﬁf\!?—%wself"é‘fd

BL ai n- 4h gaﬁ@rﬁf thia Elakp éqnsx\iihﬁ@aiéim“ﬁ plBsphSBE»,(cmM IHDAE6, IntedNibed 1auadst63puﬁb tm2 10.
The met hod .of ..cl aim erei n the endocri.ne pan S I ci ng._substance is
e chor By feA CRR BUPEE GO oD 1500 G HOBH0RT A ot hod
of treati nglearommmaw,asl&n&amm, R£x-6]iPa.04, B2 NeudBYPDEr1aNkx6e2, Ngadiahd on i n a
host corrprl(gltln? i nduci ng i sol ated adi pose tissue-derived stromal cells
to express east one endocrine pancreas cell marker; and ii)

transpl anting the induced ceI I s into the host, V\/nerei n sai d stromal cell
exhibits at le pLL:s C up consisting of
al kal i ne phosphgtsgl]%‘:‘ece gﬁcﬂ ef%%she celflém%uceg% %‘ rfntgr 0s J{rgopontl n, insulin,
gl ucagon, sonatostatin, pancr eat| c polypeptide, nestin, PDXI, GLUT2

neur oD, neurogeni S ta2/ Neur oD,
PDX-1, Nkx6- 2, ﬁhesééglﬁgganu I'VB&M?L@ %%]Els ﬁxdu?ﬁ)é%ﬁ(ﬁ@ﬂfégﬁ%w?% wherein the
adi pose tissue-derived stromal cells are isolated fromthe host. 13. The
met hod of cl ai Mgline 4l 6F QiR 1t BEcrhRBEIRERLL CorBRABRLI s S HifiRloclinto the
degenerative condition Is ype abetes Melli1tus, Type D abet es

Mel litus, |shodyst rophy associ at ed di sease, a cheni cal | y- | nduced di sease, a
pancr eati ti s-associ ated di sease, or a trauma-associated disease. 14. An

i npl ant conpri si ng the cells of any of clainms 1-8. 15. The inplant of claim
14 further conpri $hafgllaf drimdonpatinBresclhsbym¥y . 16. The inpl ant of clai m 15,
wherein the bioconpati bl e pol yrrer |s a hydrogel. 17, The inplant of claim
15, wherein the bjiocoppatible i s selected fromthe group consi sting
of a derivative thec‘iﬁlngﬂ@ﬁ'l -1 ‘ESSP%I"E}H?FIF@S ypqrepone, ol vl actic acid, a
derivative of

7. The cell of claim 6, wherein the hormone is selected from the group of hormones

consisting of insulin, glucagon, somatostatin, or pancreatic polypeptide

8. The cell of claim 7, wherein the hormone is insulin

9. A method for differentiating isolated adipose tissue-derived stromal cells to display at
least one endocrine pancreas cell marker comprising contacting an isolated adipose tissue-derived
stromal cell with an endocrine pancreas inducing substance, wherein said stromal cel! exhibits at
least one characteristic selected from the group consisting of alkaline phosphatase, CD44,
CD146, integrin beta 1 or osteopontin, insulin, glucagon, somatostatin, pancreatic polypeptide,
nestin, PDX1, GLUT2, neuroD, neurogenin, HNF3[, Isl-1, Brain-4, Pax-6, Pax-4, Beta2/NeuroD,
PDX-1, Nkx6-2, Ngn-3 and Glut-2.

10. The method of claim 9, wherein the endocrine pancreas inducing substance is in a

chemically defined cell culture medium.
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pol ygl ycol i c/ polylactic acid, a hyaluronate and a fibrin. 18. A nethod of
produci ng hornones, conprising (a) culturing the cell of any of clai rr%3 MAY 200
wi thin a nmedium under conditions sufficient for the cell to secrete t
hornmone into the medium and (b) isolating the hornone fromthe nedium 19.
The nethod of claim 18, wherein the hornone produced is selected fromthe
group consisting of insulin, glucagon, somatostatin or pancreatic

pol ypeptide. 41 0 3 MAY 2006 20. The method of claim 19, wherein the hornone
produced is i nsdii/methed ofmati@@ma@%“wd%@édtﬂ?fé%r@éd%érﬂqrwac%wama cel |
which is d@ldgttga‘,,ﬁlsrgmgl ated in vitro and then induced to express at | east one
characteristic of an eE[ﬂ‘o,cri n]g Eac[]creas C%{rilg wherein said stronmal cell
exhibits at |east ond'Rygingisplatet adipose Usspesderived strompl celito gxnress aleastqngt | ng of

al kal i ne Qh&ﬁﬁﬁﬂiaﬂ&&scﬂnﬁﬁ'ker@dl46 integrin beta | or osteopontin,

i nsulin, glucagon, tatl creat.i ol ypepti de, nesti PDX1,
GLUT2, neuroD, neur ob‘gﬁ g’@ '“dﬁ%"ﬁ c‘iIFS Igp &\eﬁgsﬁ’,‘aﬁ%%sa@, Suggé-cﬁl,?éx}"b%

Bet a2/ Neur @D,easPB))é—cll:arad\s&ﬂcﬁe élecﬂbkyfraxﬁ tmrgcbuﬁ]cnrtsrsﬁng cﬁ‘ﬁlkafﬁh@hﬁh@lﬁtﬁs‘é Areddt | at ed cel |
of claim 2 edl east tEISt-ICOf an
endocri ne éjaltjnggegt bﬂa Oégsmoﬂmﬁm mTu%f'e@uca B Soma '?{atm Bancrtf%%po{ ?I i nduced
in culture nbmneBmkaéan"tZ leg@bt nwmemmhmFé&tIdflL Btalnc4 Fhx- &rPaeﬁdBﬂazmieu@ncr eas
cell, whergj a) disaggregated and transferred to
suspended ce %‘?‘ u’&gé%d%n}%ﬁh%e suspended cell cultures are grown until
evidence of islet cell cluster formation is observed; and, wherein the
resulting islet d

adi pose tissue- gﬂh\%e hU&f)‘le‘ﬂagIQﬁ:i E‘?ﬂ?%ggtﬂé fﬁ%g% hég‘?legde?ﬁ%%ggnael\r%?ga?%%ﬁt?dect ed
from the gfiomghelassi sting of al kaline phosphatase, CD44, CD146, integrin
beta 1 or osteopontin, insulin, glucagon, somatostatin, pancreatic

pol ypeptide, nestin, PDXI GLUT2 neur oD, neurogenin HNF30 I sl -1,
Brain-4, Pax-6, |pabemethpdptolmmd i gpreitshs@ancregyeepdopringgisordsr arflsgenciatite 2. 24,

The cel |l ofcogditiin® ﬁypémmaisaés Iﬁaﬁﬁp?{%@ﬁ ©khbbtes Iﬁe]hfu@ﬁﬁbﬁ’sir@hyﬁ@%?ﬁ&d ble with
transpl antation into a host. The cell of claim?2 wherein the

encapsul at id5FRsFracBsmigallyiinduced dé%esgcr Haﬁﬁ?ﬁtlflﬁ@ssw%wm@srpg A &pimggasggciated

derivati ve dakaseol | agen, a hydrogels, a calciumal ginate, an agarose, a

hyal uronic acid, a derivative of pon-Iactic aci d/ poly-glycolic acid and a

fibrin. 26. The use of the cell of any one of clains 1-8, or 21-25 inplanted
into a host. 2714 Trimphet @mpiidieg thegeilactanpbf daiws 08 of claim 14-17 engrafted

into a host. 42

15. The implant of claim 14 further comprising a biocompatible polymer.

16. The implant of claim 15, wherein the biocompatible polymer is a hydrogel.

17. The implant of claim 15, wherein the biocompatible polymer is selected from the
group consisting of a derivative of collagen, a polyglycolic acid, a polylactic acid, a derivative of
polyglycolic/polylactic acid, a hyaluronate and a fibrin.

18. A method of producing hormones, comprising (a) culturing the cell of any of claims
within a medium under conditions sufficient for the cell to secrete the hormone into the medium

and (b) isolating the hormone from the medium.

19. The method of claim 18, wherein the hormone produced is selected from the group

consisting of insulin, glucagon, somatostatin or pancreatic polypeptide.
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20. The method of claim 19, wherein the hormone produced is insulin.

21. An isolated adipose tissue-derived stromal cell which is dedifferentiated in vitro and
then induced to express at least one characteristic of an endocrine pancreas cell, wherein said
stromal cell exhibits at least one characteristic selected from the group consisting of alkaline
phosphatase, CD44, CD146, integrin beta 1 or osteopontin, insulin, glucagon, somatostatin,
pancreatic polypeptide, nestin, PDX1, GLUT2, neuroD, neurogenin, HNF3p, Isl-1, Brain-4, Pax-
6, Pax-4, Beta2/NeuroD, PDX-1, Nkx6-2, Ngn-3 and Glut-2,

22. The dedifferentiated cell of claim 21 induced in vivo to express at least one

characteristic of an endocrine pancreas cell.

23. An isolated adipose tissue-derived cell induced in culture to express at least one
characteristic of an endocrine pancreas cell, wherein the induced cell is: a) disaggregated and
transferred to suspended cell cultures; b) the suspended cell cultures are grown until evidence of
islet cell cluster formation is observed; and, wherein the resulting islet cell clusters are engrafted
into a host, wherein said adipose tissue-derived cell exhibits at least one characteristic selected
from the group consisting of alkaline phosphatase, CD44, CD146, integrin beta 1 or osteopontin,
insulin, glucagon, somatostatin, pancreatic polypeptide, nestin, PDX1, GLUT2, neuroD,
neurogenin, HNF3p, Isl-1, Brain-4, Pax-6, Pax-4, Beta2/NeuroD, PDX-1, Nkx6-2, Ngn-3 and
Glut-2.

24, The cell of claim 1 further encapsulated in a biomaterial compatible with

transplantation into a host.

25. The cell of claim 24, wherein the encapsulation material is selected from the group
consisting of a derivative of collagen, a hydrogels, a calcium alginate, an agarose, a hyaluronic
acid, a derivative of poly-lactic acid/poly-glycolic acid and a fibrin.

26. The use of the cell of any one of claims 1-8, or 21-25 implanted into a host.

27. The use of the implant of any one of claim 14-17 engrafted into a host.

42



