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endocrine cell mass of the pancreatic islets of lLangerhans is conposed of
four cell types, clBERIYERSTRQMALGELLEANY USESNHEREO ocr et ory product .
These include glucagon-producing a-cells, insulin-producing (err)-cells,
pancreatic pol ypeptide-producing (err)-cells and somatostati n-producing
s-cells (Henquin, 2000, Di abetes 49, 1751-1.760; Slack, 1995, Devel opnent
121, 1569-1580). ~DuréROSIRANARARLE TORIIAHS APPEICATIONO PopUl ations are
thought to arise froma conmobn stem ce precursor assoclated wth the
pancreati ¢ ductHiis ayplicatiohiclaimg Raeritgto BIS. Serid 8. 6Qi3ri4.913 Pled oo Novemher
1069- 1086; ?aﬁgnberg and Vinik, 1992, Adv. Exp. Med. Biol. 321:95-104;
Swenne, 19%’ , Di abetol ogia 35, 193- 201; Hellerstrom 1984, D abetol ogia
26, 393-400; Gu and Sarvetnick, 1993, Devel opnent 118, 33-46). The
precursor cells, through a serieg f 1 ifferentiation pathways, 25
acquire properties of the vari g‘@@éﬁ%ﬁ@?ﬁons. Early observations
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as a ness @keds&@of trepahdréasattrdlduprehdedoy a- or y-cells and interdigitating 6-
cells. The inmmture islet then mgrates to surrounding acinar tissue and is
vascul ari zed 30 (Sl ack, 1995, Devel opnent 121, 1569-1580). A primary

function of islet cells is pAFKICROUND OBINVENTION™®OSt asi s. For exanpl e,
nor nal Ig/ functioning (3-cells synthesize and secr etrg insulin to maintain
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secretory pathway for insulin's regulated release. In this, )
st i mul us- slepasenpredednp Picslls, ipatiagreieing Pesehs dangraticnRelregtidsorroqusing.
post - prandi.alys &ld SrfatdaflgrodRIBLOLIRMIAGHAL AW, Diabetes 49, 1751-1760;
Slack, 1995, Development /21, 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. 734, 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, 6-
cells and y-cells (Slack, 1995, Development 127, 1569-1580). The islet forms along the
ductal epithelium as a mass of B-cells surrounded by a- or y-cells and interdigitating o-
cells. The immature islet then migrates to surrounding acinar tissue and is vascularized

30  (Slack, 1995, Development /21, 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



in alterations in nenbrane potential by closure of ATP-sensitive K+
channels. This depol arizing event opens voltage-sensitive Ca2+ channel s
and t he iwDloax3waB Ca2+ triggers 5 the regul ated rel ease ofPCirnsat/34373
(Henqui n, 2000, Diabetes 49, 1751-1760). The plasma insulin then acts to
stimul ate gl ucose uptake into skeletal nuscle and adi pose tissues, and

i nhibit hepatic glucose production with an overall result in | owering of
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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



controlled induction of differentiation down an endocrine pancreatic path
(Assady et al., 2001, Diabetes 50, 1691-1697; Serup et al., 2001, BMI 322,
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D abetol ogi a 44, 407-415). Miurine-derived 5 stemcells induced to
differentiate into islet-hornmone producing cells have been used
successfully to reconstitute diabetic nouse-nodels (Serup et al., 2001, BM
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demonstrate glucose responsiveness. Unresponsiveness could be attributed to differences

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 necessary 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. WO001/23528 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



WO 03/ 039489 PCT/ US02/ 36373 marker enzynmes and transcription factors.
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secrete proglucagon fromatypical secretory granules. (J Biol Chem 1998
Feb 6; 273(8)GRémbn’: J Biol Chem 2001 Jul 20; 276(29):27197-202). The key
bi ol ogi cal actionhs of glucagon converge on reqgul ation of glucose
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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



fatty acids were detected with system c glucagon infusion, with or wthout
exogenous glucose. (J din Endocrinol Metab. 2001 May 1;86(5):2085-2089).
Simlar rnegatiosass -5 WO 03/ 039489 PCT/ US02/ 36373 result sPagrisondisas ned in
a study of lipolysis in normal male subjects with indwelling mcrodialysis
catheters inplanted into abdom nal adi pose tissue (J din Endocrinol Metab.
2001 May; 86(5):2085-9). Hence, the available data do not support an
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subj ect s. i q,.Di o] 79 Jul ; 24(7) -5R1- 8 t., 1975 , . 973-8; N
Engl J l\/ls\a&Pll %@@'9%@\?%1%41%%?’ %1?9%9%%%%& @J@aa%tnsu (fllpg S(q).Iﬁ e a§< snoot h
nuscl e i nphfielo@al kdi addreagendn lipelyss., | eading to occasional use during
radi ol ogy st udi ?s of g‘he 10 9 Ilbhgcgder nd Ki dn«? . II%. Spmat ost ati n
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omat ostatin is a highly exi bl e cycl ept i t i ort

bi ol ogi casuliegts: (Pigfis Sdo kP Juk24{Div016; | t'h%?%? g)eg‘il@gg\‘fg%ﬁd%gﬁ&%s a

classi cal 166WgHi NE3NQE6TIA66-963)! herhvpst Ralyaibe rélbt Ynbathy msysd @imthe has

si nce been shown to act "additionally as a paracrine_and autgcrine signaling

factor on gallbladdge apdryreey leadingelte qoggsianal The dupne riadiglognstydigsogl by
procesgges gl‘ﬂ{lécﬁ@f%&ﬁkﬁcﬁl% gni zed to be influenced by somatostatin include
hor mone aff peptide tactor secretion, 20 neurotransm ssion, cell
proliferation, snooth nuscle contraction, nutrient absorption and

i nfl ammat i [ s and peptides regul ated by somatostatin include
growt h ho?%%%‘hpt(’%? t hyroi d-stinul ati ng hormone (TSH), ({;r olactin (PRL),
insulin, and sBbsttasign B §SE)dogBoms peptidet praduskd de tpanaréaéic fdghe celbnthet  many
i mportant bi.ol ogi cal. .syst t . i n : O pnal |
vasoul ar ., PRl ST BRRaal Siho s WipipdREREE) D RonbaSGEITH BRI
nervous sykkidkscyclio peprideewittoarvene slsys bietgieb half-tit aSomatpitating osiginelyor t ant.

role in controllin rowt.h harmone, insulinand gl N, efl ( Koer ker
et ol saraherd 3eRt Al e Gy RS IARR L AREL B, O re
gast r oi nt @a sing! beam showase uttadditibiably ag b palacrinesing astotrane sighelihg factat ¢ma cal
applications for so statin therapeuti.cs .in both of the areas. In. the
central néY‘@‘b ‘e.%%dngr\%(péﬁls he %?%?#5‘?? ﬂglgag[?é%:? T4 %ml%rét?}é%g? 125,?,[? ant 30
regul at or vaf iKMERd b8 Tstin@bitams iGdadeettidrmbne Rindr pagtdleodactal sRestéay ch 1991,

23, 203-215 . . . . .
20 nel)lrotransmission, 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 areas of the brain, appears to act as a neurotransmitter 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 neurotransmtter
or as a neuronodul ator regulating the rel ease of neurotransmtters such as
acet yl chowprg/ogsdsay et al., J. of Neuroscience 1990, 10, PR6AR2683) and
dopami ne (Thal et al., Brain Research -6 WD 03/039489 PCT/ US02/ 36373

1986, 372, 205-209). In the peripheral nervous system (PNS), somatostatin
is present in catecholam ne containing fibers and in sensory termnals
toget her D54 8heAbus ) NBH! B38). Q6810189215 Plent 15~ 749)
and acts \t/\fo9t8|an |b?t t irlﬁlghe@{pgg@granaﬁn%sd?yg{?e e?’f ect s b II_SipEeen l

somat ost atdaechalaeing corgainiag Giberanndinsesent temsindisitogetherevith swbsthice BdGregna wi de
variety of tis s 2hdc). 4 t: [ :

endocr i ne,et ag’a@?‘r?%fcn g%tﬁ ?%‘%I§0y\%§§g{hsﬁa4rnﬁdilc{r%1g'rtﬁnlgfﬁ%§:l\t]g8} gé}n%sgﬁlg fs?lfiél e(rin;. A

hi gh inci defecte. of somatostatin receptors has al so been denonstrated in a
vari ety. of human tunors. . Neuroendocri.ne tunors are onge ¢lass of tunors
Uhat e bi ¢ athfor ey T FOG TR D hafs Pl Bfifbd Srvi

recept or s.vahetycof otigdlidsy aadt talk tpsyr aehdingr ithse t betongingortes @Rt enddctine, cl i ni cal
synptons such .as strinoma. and gl go drone due t.0 excessive hornone
rel ease fr%‘ﬁtfcl“i‘fﬁstg’g]rm SR .lm%E% é@g’pf‘% ﬁysg?énsrr ¢ Righ t‘?l‘i‘%ﬁ‘&‘?\ °

somat ost atdomatoSiaBid tredeptods thay allo0Been 1§en ovstrdban 64 eavhety’WfyReii tiendhancr eati c

gama cells are known to secrete pancreatic pqlypeptide (PP) whichis a
menber of NHECHELRHR BERGrs arevwnge ghasq f thnons thyt 8¥}H£1¥3E‘ig§1tdle%sl‘ig'§f Bmstieral¥ to the

preci sy Phys Wrfbkdin RBGRRE Fh@fondllY &tiR€ RbhrdéndoBihe @nisROMBschowaKert
effects directly in the pancreas by inhibiting the secretion of pancreatic
di gesti ve diisghrmpiams suphisgesiippmaidaiucpaeat syRErRe Qe faenNcasiveROMPRPS ef f ect
of PP is t,0puationt Be QG cell NEQHEIMBRMR n@aé/cﬂertl%%d ﬁfr@@ﬁtsom%stﬁtﬂlﬁreé@wﬂs as

wel | as a central nervous system nediated effect in the dorsal vagal
conpl ex aregtivdiienar cuat e nucl eus (Deng et al Brain Res 2001; 902:18-29).
Through its wvagal nerve actions, PP is also thought to inhibit insulin
rel ease. PP al so appears to inhibit the islet cell hypertrophy that is
obser vEd kY. RemereatiaPaolypeptidendent di abetic conditions. 25 Grculating -« -
| evel s of PP al rhmAl ' I Q Fhydasgease in
hepatic gl ucogég%g%%&rg |onc.%ﬁgl'%gg(?a’ghd{r?imgfljg{te\rlpg{ﬁr%g(gf) E@%)tfr(rla)(l Rg’@e :@r ole in
t he treat nembmbér ofothe newrspiptide de feniderftprotembetléttle iekhdwruss tovthe INeaisEnbr yomi ¢
glo]lcj][ gszn?{pﬁ%@n@gw Lr:ngcél)%r%rsrrgﬁc')‘efj thirs(éagel tlri{fe. 2% ?jsl EIEOQ’WPT(} Q}%rta&felcfstci’freétgf in the

pancreas by inhibiting the secretion of 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. Non-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



have denonstrated the specific ability of bone marrowderived stromal cells
to undergo neuronal differentiation in vitro (Wodbury et al. (2000) J
Neur osci ewoa3emear ch 61: 364; Sanchez-Ranps et al. (2000PCEAoNg3rdl ogy
164:247). In these investigations, treatnent -7 W) 03/039489

PCT/ US02/ 36373 of bone marrow stromal cells with antioxidants, epidernal
gromh factor (EGF), or brain derived neurotrophic factor (BDNF) induced
the cells W,

i 1 or ent (oA PR o AR, e A O A ating i
growt h conbsvalmmbufqtﬂoplpodicaor(mﬂbun@uced thel Cellﬁ( m)um;ergp mewhologic chenges

Resear ch 61 3 nche a 2000) I n
addi tion, 52‘3% \gslgénn[eumnaﬁdgggde%% tzonéxl(ﬁr e{s?lgl %)Eéhg Olﬁlegf %l%g?éeli e%cl%%lz% protein
i ncl udi ng télﬁﬁﬂiatlﬂg in eiowth- cape aind i fdopdal ¥ eodbMSERL, ahe(@@Qﬁf)Nl Arwmsciduc NF- M) |
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164: 247 1Qhésk hgdntsan@idpd e eapressibil ¢f redlohal spaificngotetneinelbdihg h@stlﬁ,a’feuron-
differentiation are described in tent No.

5, 486, 359 SPeriliss pralase i@gﬁ}’r@wﬁo&?"le&t S’W@%aﬁ&@g E‘Hﬁrﬁﬁe‘ﬁé‘@ug WB’O {4t i on of
hunan nesqRERIBkA WIBIBEY leball (D0 CENewbdcleascREseatE 61:364) SadtHes-Ramosor e t han
one connective tissue type. The Eatent di scl oses a process for isolating,
puri fyi ng,etaln@‘)o‘i@x@rl‘@&fql‘ggyrléﬂlzi“ ating these cells in culture, i.e. in
vitro.joU. S. Palgid edinples F4dule édisthavik@ 8 aWist RF BiffeRshticidn dré détagiediibes a
conmposition for inducing lineage-directed differentiation of isolated
human neséh@:fwlﬁwng@@téﬁﬁcel | s into a single particular mesenchynal |ineage,
whi ch i ncl Udesy@ n§ﬁ'8’67?§9 & eekisal |d§rect@(["io Chﬂels@lﬁteﬂnﬁﬁn@eﬁ’@)ﬁ&' ve
factors for induci ng erentlatlon of the nmesenchymal stem 20 cells into
a singl e papulide (éﬂiumammwcmlmﬁ stemaeinthaingn dferagiagdgorcellsisoredan er n
descri bes [ Ess0tof oiaHe divk Ly ation of
i sol at ed hoa}'ﬁarzﬁﬁ%g@vgﬁ% Shérlg}lﬂg %e%tei{ &QWH E%I nc?S 8 ° o%’fb élclg}?élg; t he
rresenc]tﬁynaérea&lbfeepllcding$hamcdilsanbﬂtum;!c\rlevrtract or so as to ther eby i nduce ex
vivo differentiati r el i neage.
The patent al S(I)‘%Zg% %ﬁslgrgi %%4;2 %@ttg %ezwg“?é’??'gﬁblg‘h‘gﬂéﬁﬁ}’ fﬁﬂlfr?L need of
mesenchy rrahdmaigl limeapke-direptad tifferdntiationrod setatddyhwedan Imqswg:enawecheillﬂ gtagles

dm ni di vi.dua d 4t her.
Sol at od. SRR RISl hed el MELAR e AERASMELEREATRE ' <110

di f f er ent i aadeneX%r tovoObibyctive fhcaat for mdiucmgbilﬁaentwmn phtteanesschmwalt sbeny her eby

in . .
duc e20 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 bioactive 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 mesenchymal 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



ex vivo differentiation of such cells into a single particular nesenchynal

| ineage. 30 U.S. Patent No. 5,908,784 to Case Western discloses a

conposi tiwp 0Bos948he in vitro chondrogenesis of human nes@cthysnube3ps ecur sor
cells and the in vitro formation of human chondrocytes therefrom which
conposition includes isolated human nesenchymal -8 WD 03/039489

PCT/ US02/ 36373 stemcells condensed into cl ose proximty as a packed cell

D ort o S, s BindBRG sROCOSEOpINA) XEathetly Loh SO 26H A NELEWRL N, The
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as a pac ké We| chongpggnesiy ingmepsnchmg ge acting RARSICIERA ' |
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nat uraPl y EPE’E‘E’&I"B‘?%H‘}%‘@ ¢lopglletcel 1's attached to and substantially

envel oping a three-di Si wor k o ed of onpat.i.bl e, 10
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st em cel | SOPRECHYS, disshsepioteIns apgtually §G?rf't§(6l B ths ]ér%ﬁaf’

di ff erent 'sﬁEétQﬁ'la@ ehi¥fophfd! 4 ?hréél&ﬁleﬁﬁéﬂal IafRwold Smposddest a bdcomp zﬁﬁ& 531 to
Advanced Ti ssue Sciences, Inc. discloses a tubular 15 living st r onal

ti ssudOpr eyvarliving maigrial fgrmedoiter ¢ dirprydisiepeinral srattire haviae dpisrTidalispaces i ssue
proteins gé %Yl'r SEoMEL &ls. byl"hEE) Qe 51%7@1%0165%5 h%oﬁFSs@t%?ﬁfir bRvARE new

substanti al oping a di mensi onal tubular framework conposed of
a bi oconpawitilags, cmpnslmgvmgennbxr@ah stem  pellgi nvgaa nelemsii¢ tqagier spuitelle ¥ i dged by

the stro do Advanced Ti ssue Sci ences,
g‘:ﬂr l(i:fglla ion n'd d%f rg)rﬁi% li}? eﬁsgﬁ

I nc. des es 4 stromal Base d| nmensi onal culture system
derived form pahSrRant NOp&ﬁ@]é}iy‘twaAd\@e(bddsTlSS@gISPIQn@s lop disdlased adubytar ol

t f K t | |

ol acerival WA omel A6 AR FOvbS GRbrsHE BBl BB o PubaE 3 oy
is thus qsetdm’s oatpradiy isebeetédubrycthe stroma) qelnatagkdito and sxbsienfmﬂd eoveepingrat eri al .
U. S Pat eghrelﬁ\lght{l?ngggail t?ll%i%rtf?a %V\}ogléegorg eOSS%L OPS%IO%S gﬁéti% n8£ 11.9{ gth&érw a

connectiv S crn rve tls enn
i ndi vi dualhalvimgm&adtltﬁdhe;rae@fbrﬂdged Bdhe sttemfabredllsg to said i ndividual a ceI I

prcpar a1 on, con} 8 B L NQUEEH, PESSOERAEL SLETFEL Syl AT o
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.



cells. U S Patent No. 6,030,836 to Thiede et al describes a nethod of

mai ntai ning 30 hunman henmat opoi etic stemcells in vitro conprising

co- cul t urwogsfessasn nesenchymal stemcells with the henat @p@itsn?/86333 em
cells such that at |east sone of the hematopoietic stemcells maintain
their stemcell phenotype. -9 WO 03/039489 PCT/ US02/ 36373 U.S. Patent No.
6, 103,522 to Torok-Storb et al describes an irradiated i mortalized human

stromal cell i i i N Vi y uge -y : poi etic
precursor cell y?V\BQ‘@%Og\%ggﬁ&gsni& &{Sﬂ lét%'guﬁ% ﬁo.aWS(?egggbtégZ% tlﬁgﬂl%{:&(;k- Storb
et al desdmidoetslized hunmmn stoome oot r liwwirs tar corelineskefi vitrn eslturd aviths human n

hemat opoi S’r%i S, U'tS' Pat ent [\Io 5,827,735 to Morphogen describes purified
pl euri pot AFMAORUSIGRIESHRA” °WSem cel I's. which are substantially free of

mul ti nucl eat ed Wy OBeR662Al1i adad.s: PatemtriNe.t £879%c%H0I to, Taxold Sttt ethaladescribes

predom nantly stell ate-shaped,. wherejn the nmesenchymal stemcells form
predon‘iSnaﬁ"ﬂ1 n ?Iﬁrlﬁﬁ%ftf%’?aiéqullglemé ut8'ﬂ§’§@?§8°'\ﬁ1¥h nuscl e nor phogeni ¢ 10
protein in tissue Qdichting.NBERYMEadt dMomphvgenl Oéséritieal puetied plentipoteand f or m

predom nantly branched mul i nucl eated structures that.spontaneously
contract WhSRCEERaLEeRerlz Which ?’Fﬁé‘tt{s@n%ﬁ’ FrSPL H?”it“b‘f;{‘}?t%‘f w9%?81° tggec-

| nhi bi t or \oof AGKES celllS, dnbiSiHeh &4 bicdsBinthttyNstdTREH-dhapeds OREBINhOGedbiyhet al cal f
serum WD 99/43286.to Hahnenmann Uni ver si té descri hes the use of nesenchynal

stem 15 cém eells dorny predomipantly dfrablastietly hen eqpiactemvaianiclaaiRitpsetc
di rectjyng 43%’[_@' &h B8k AhhRE nREiuRQRRtainiRY T00¥Mictdl CAFBuR 8hd form\PRABBIMRHB1 to

Gsiris describes a nmesenchynal negakaryocyte precursor conposition and
met hod of branshest imvdtinvsieated ssrpetings dlntvipprianeoyslst @atrag galkear ugaptcd swithy

i sol ating S Gt Hihi sfleadiuldGin MR CDA5
and/or fi bﬁ%ﬁglg{)%g%ﬁhﬁegrgngh&@a%% stem (E%ﬁcs. 1V\AD (S)ll 079457 to Ixion
Technol og\codesdirg 1986 fetdheallissurmf bone marrow and bl ood- derived stemcells

01/ 78752 to-t nav O arid i Halrbpbbd Uiy aRBRRAR! L S bReRBR S0
i mpl ant%ed deli$ o teeat s cpatred memsusfsysterh laed & metiiodenitdiredting aliiferentiniion ofi byoe der s.
However , tJllgHng&po%a ues described in the preceding par agr aphs rely on
sour ces of SR ' :

WO 98/20731 to Osiris describes a mesenchymal megakaryocyte precursor
composition and methb& 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 pancreatic-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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precursor cells such as bone marrow that are difficult to obtain as well as
being painful for the donor. Therefore, an object of the inventionis to
provi de awoeBl3vsmt erial and nethod to assist in the tre&Cwarsn2/sd373
endocrine di seases of the pancreas. 30 -10 WD 03/039489 PCT/ US02/ 36373
SUMVARY OF THE | NVENTI ON The present invention provides an isol ated adi pose

tissue-derived stronal cell isolated froma human or other mammal induced
to express at |east one ger e PRVER? aracteristic of a
pancreas cell, and preferably, an engocrlne pancreatic cell. 5 The cell can

exhibit a pr op&he ypre:sfentamgtIumagwrmpq:sodu@ph@daadtmse tispueggrived Etrcmmcﬂeﬂng
(5,0 UBEH G 5 BERI LIRS, B3t e i r

sonat ostat ceI rred
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for encapsmh@dlmagt tahsnsiﬂlﬁmcwnmgeﬁ@dl is @mdp@ﬁsie Bheer gelleaf thelinventioneonn bel | s or
differenti aft;1 %]? develgpteamq}lt(r)onata%}%l la%&qp@{nwésa&ﬁle“ at ranspl antation into

a manal |, e Ke enc. i on | would not hinder
t he rel ease of mbQi:Hldfsth@ﬁm)(emiommsbs&mmbmtédbytotzhewaebr plnsedijmnisivml adul t

stemc s 15 or dif The, mat eri al,s ,used I but are
not ﬁi t etirueiyre gfqa%gagdmp!fgfag&a |”\1}3]§nteq‘|§18?16(g%ﬁ escrobaeflérll fherey e?aﬁlnbg ¥

agar ose hyiad présen 1ﬁvoﬁﬁb1d ,fomhmpleaprbwelesanndhqabfoyenogbwdzmhg dleah:ﬁfaierrdmtedvat ives
and fibrin. The cel

f the invent,| a be .genet.i.cal | ngi.heered to
i ncl ude ex%@ﬁ%ﬁ?‘veﬁé&é‘f FtEmn‘éf"ﬂéPf Q}fg HgtB‘h%e Erfﬁc?dli’lﬁ’@ﬁtf“al 00918%@2‘? W tB
enpl oyed WiHlaitStiondmadlintansthall ;Sl’eﬁﬂib@td Kighan2 Thé &&aﬁkﬁlﬁtlbﬂ chageinloyvShdnces
into the host cell chronosone. a referredlrﬂenb HE {hﬁe i nt roduced
nucl ei ¢ achiBdsicdelgass OfBYOFWBBWn@HSCF‘”ﬁFS by, thy adinoscrdgved pruli stepnesllsy
capabl 5 of o FHLRIGNTR SellsEPITHE hdt@ild BsellNBichEs itRt @Y n&oﬁﬁntedaltd coﬂéfgénOf a
wi de variety of vectors can be enpl oyed for this purpose. Predc/aPOE

eukar yot i cdiyigatives.shyidmeeisaealeipp gipip|agarotta d¥aIRioRic a\‘i}dr @gly'IWC?C’

retrovir us?@,eohquQggﬁJagg&sandqiggﬂo associated viruses and a variety of 25
commer ci al avail | , plasm d-based manmmal i an expression vectors that are

fam liar to tHhssckkopbheiivvraten fan alseebegepcticalhs engingered de ingludg £XqgE0QU| ¢ aci d
mol ecul e hgélet?cerﬁﬁeﬂleﬂ%rﬁ Lt ﬂ%%@é 195h1p15?&1%ﬁ‘35&§ﬂ)fellﬁﬁrﬁ§§ratﬁ§n be

i ntroduced”into an appropriate
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 a 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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any of a variety of suitable neans, i.e., transformation, transfection,
viral infection, conjugation, protoplast fusion, electroporation, particle
gun techmebeg®p3o48al ci um 30 phosphat e- preci pitation, direcPCFUSOD3GIECti ON,
and the like. After the introduction of the vector, recipient cells are
grown in a selective medium which selects for the grow h of
vector-containing cells. Expression of the cloned gene nolecule(s) results
in the production of.the het 0 '

PCT] Uso2) 30375 e firieh Ae ipgorﬁcgeglsf%gdplygtwcg%é mrfféfe“%g‘#ég%%g‘{ %ﬁ&%@ﬁssue

di f f er ent idativetigstionnl edlisdo ariprpsse 1¢dsts esneegatetypican phenotyrad clpsddiesistiooBgpr ess at

| east one %enoty ic or henlotypi c characteristic.of. a. %a cr.ea ceﬂ |, for

exanpl e, & 5‘?9&%8"6% %F 6’8%’? g 2a2lBeaEon PrRduRing, oreelly insehig sty | B-cell

pancreati %aﬂ&ééﬁﬁ%fyb%‘d?bf?ﬂu&h@ﬁcéfﬂ&eiéonﬁfosﬁtiﬁ-ﬁf&ﬁ@ﬁg 8kéiNchmpsieg he 5-cel |,
ep o

conprising the 5 ste . contacting an isolated adi pose tissue-derived
st romal5 cestdp ofi qontagtingzsn dyodased adinese tissge-derivsd stzeread celbyih a pamrsas Mueiigocr i ne

pancreas 116038l W Hidocilk HaROR! e Sbitihcd, THAIGAMCMs dieh! Ned

cell cul ture nmedium _I'n nore detai el ow which can include
growt h f achemially yefoied weld cultdre masiaim,aagedeseribed il mnre deteirdglosy which can
concentrat.i gn suf.f Lci ent | . e i i z i ved
stromal celf“ﬁ%éet %roexhpirvaggggs’ é:Yt%Flélggg S: lﬂ%ﬁlecldls %5} ﬁ{esh %(‘)02% }Bl)gag%éﬁcar% nggceggfnfo\ﬁrgmr ker .
The i nventsuffividhtitd mducepisalated edipesentissimaderived stranl icelds ® ekipsass deleastione | s
medi at]ﬁd b%l a . Eancr eat iuc function of a glucagon-producing a-cell,

i nsul i 0- predderting ganesaseqli markelh oy eati ¢ pol ypept i de- produci ng (err)-cell or
a sonat ost at i n-Tpe aoeition Jurkhee plovides anethod of trédiiag a disaidedbat is madiated hgaan

i sol at ed adi pose tissue-derived stronal ce|ll.tq. express at ] east ane

genot ypi ¢ PRBCIERtiCHBGSR R slngrgenRiodpqig P‘E:ceh’f mf‘ﬂ‘é"pﬁgch‘@’rnga@ ce(ﬂe PEOSRERER i s
therapeuti dRER&TbBE Al cell Dr N @mAARBkin-Roticihp Skelll 1S BbanhitNaclhdeg i nduced
cells int orﬁ)%yhog{?. u,&nggdc\?an.traagentl)_f the 'Invention is that the adi pose

ti ssue- derindusihgsanrisotated adipdse tissa-deeivedssiiomab eplldio reapressyat fleashoneraenpiyRIe |

di f fergntigt i§id REP1ShfapehlilaAl RhdACEN Yo e he
therap@ ca(% pglgno g%%)}%pﬁlgtleéﬁgd%* ggﬁgggéWy. 20 N?)pn- Ili m&ti n gxaorr_pl es of
pancreati chosdutthemeandplsmingghe induagd gelirantatthe/kost ohitladvaniage ofithamventiencur r ent
i nvention .c d.t r ' esyd . Dy ahed: | tiShost YPE I
Di abet es I\}ﬁﬁ e}tB ﬁ% ,H%ﬁ?sﬁc?g@&set%g%ﬁdy th(gsr}sil%ccﬁg é%eg% g@gﬁ% é‘g"%‘éﬁﬁ:"ﬁ I y-]?or?duced”
di sease, d{ifferentixadd srdsthas Sedmplieedd diigsesly. orAlternativelmathastheepytcan bdi sease.
The cel |l of thei. gnv nté on_can be used either as a honbgenous or

subst ant i 81FYPPIEEHTINEGEI®0Us popul ation of cells or as part of a cell
popul a0 on i n Wunclhmitihgexatripies of pdrcgeatic 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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secrete substances to support the gromh or differentiation of the
endocrine pancreas like <cell or with other cells which secrete or exhibit
ot her deswped/osdaer apeutic factors. The invention al so i nclradasonaisiods of
produci ng hornmones via the treated adi pose-derived stromal cells. Methods
are also included for conditioning culture medium 30 by exposing a cell
culture nediumto the cell of the invention. The nedium can then be used
to culture_other i pose- deri.ved | LS. .. The. | nyvent | ates a
it tor pPoRter rel P BECRi e s bRl RO LA B 23 T
expr ess aterhshadet obrie aipvot jigue and dpésencliggpn enedhar furtdififargttiatingothe stem 12 WO

03/ 039489 PCT/ US02/ 36373. pancreas |1, that, can include instructions for
separ at i nﬁelggygf’?’ot F‘eg‘?m’s‘iaEW Iﬁeg%? PSS ﬁéleasgg%genngtéflp ot p?l %l%’%(%% pose
3Mi1 ssue, aﬁﬁhréi%ggtib BEh paltras ﬁapl iotJilﬁ} generalt)i pahercegenicat A ki is die discdoved tet | s,

erein the medi um causes the cell to express at ast one npt ypj c or
phenot ypi &clydss Al dhepgegsspry Q?fnpaneb‘&ntercé?f%epﬁlﬁltfs,sueo‘?tj tﬁ% “HSWéOrnalgﬁvg 2

pancr eogeictudedthkickll of cel spuldiiGiCorapeRvédtiah, the bioldgitdRs cahpatibledatiasassar y
conponents to create the tissue_of the invention. Such a kit cl udes the

cel | or caiell B5oiempanesH cesisting of Rydkaiinegenisneelhsiiuergiubsratss Eﬂh%‘gfuimbl e

lattice, @Rdia\ethér @fs, GRMMONERIPoGREShdhbmened. hydrating agents, cell
culture substrates, cell culture nedia, other cells, antibiotic conpounds,

and hor nones. Otheebise aad &anirs afdbe ivasioprwillhe merg Ry #watrny fromdhspr e
fully{app - J & 10 foll ow ng disclosure. DETAI LED DESCRI PTI ON OF
THE | &I\G/El\lﬁlwul%‘glg%arﬁgg%nt i nvention provides an isol ated adi pose

ti ssue-derived stromal cell from a human or other manmal induced to
express at |east one gonghyh) BrSCrRRPRRSN 0N PHEMRVGHN ori sti ¢ of a
pancreas cell, and pre er&b y, an endocrine pancreatic cell. The cell can
exhi bit a prop&h¢ presdnt mveptivo pouitep awidoloied gdipossdisbue-deriged strampk esdl foinng .
(3-cell, papncreatic ol vpept.i de- pr o L. Na..Y I it :
somat ost afi MEFoduahsh nbaﬁ:r%q? I 1}."&?’fe”encp frélo ggée:rk ‘r’gr artelé%? & h%g ?o%pr%?,or Shenotypic

i nsul i18- prchatacérizgc EBa paickeak selipamidurefeciblyTireercletinegfandrérticicell eFitei asH camn be

induced to differentiate in vitro or.after i.npl.antati.onjnto _a patient. 20
The cells ¥k tifcRarey ?ﬁ% gﬁg‘f‘%%ago‘gwnfgn%igﬂ{’ilg%lhB'zE’HOdtﬁ?IB%idaceehap%nggera éce of
par tial I'y p8fypefftidelpfodicink -8t i @t 8 dsorkdidiindralucme! bselnaviiga chtafered eri stics
of mature pancreatic cells for research, transplantation, and devel opnent
of cel | ul ambpdigreai entinsulipprdueing BfceH it produgede Jthgestl of theginyeptipn gasBaises,

pr ef er abl } S.. Ll r. Yol | ment, and the

correcti oﬁn%";ég%fdgﬁf%%?%?ei "r’fé)&}gf& al]??el- ?ﬁ#‘%té@{elﬁjf n aﬁé@ébol i ¢ disorders.

Met hod® to The cells produced by the methods of invention can provide a source of partially or

fully differentiated, functional cells having characteristics of mature pancreatic cells for
research, transplantation, 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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25 produce such cells are also included. 1. Definitions "Devel opnental
phenotype" is the potential of a cell to acquire a particular physical
phenot ypewOhiosegko t he process of differentiation. 30 "CGen®Cyaso2/sas7s he
expression of at |east one nessenger RNA transcript of a gene associated
with a differentiation pathway. -13 WO 03/039489 PCT/ US02/ 36373
"Pancreatic beta islet cell” is intended to nean any cell capable of

secreting insulgn, inasulin e, . i r.Ser i in-1ike
Factor. b ef o aptyreri BelegBlPUPEH ichha o' ARt AT coBploYE LRbhE T
concent r atinsatin,dinpdind emtloguen ivsulin  pideamar emtn dnsiliphie cfeétbr, preferably einded t o

mean any cell capable of secretin | ucagon . gl ucagon .anal ogue, gl ucagon
precur sor r%%'“‘llaée PO 81S prg%ra%bfcql%rg?xcgsreec récregg%?%f p %{%re rén[él& "&f'ed manner.

"Pancreatic dekpacrelid siphscellnicintdadtdto memamyamril cagdble cfapatiing ghfcagomcr et i ng
somatostati n, somat osta{i n precursor or a so tfostati -1.i ke fact or

pr ef er abl \2lcAeoR analogys, glugEoRpRGraTsOr or @ giiraaqnslike factor, prefgmbly iy areglated o
cell" is igpdnggded any cell capable of secreting pancreatic peptide,

anal ogue, precursor or a sim/lar factor, preferably in reqgul ated manner.

By "insulin" isPangteaticislitanspllor ist liendedr i geeannamy iRl GaRalle if SesiBGues or

i nsul i n- 1 igk@atoftRtGt, OScindfdypi. prEBirori HC laUstaBatdsRRinANeN BictHpN Bre@iiablln Skl 4 N
precursor proteins, the fully 15 processed protein, or a netabolite of any
of these apgulat¢dagannen) gbetes mellitus" is intended to mean any di sease

state jyere. pﬁg}efg%ﬂ:tréa ic PRLRI” bS*ahnfa®bl fsUREAdeRny Self¥phblB6f icRahg SUCh
that there is a’l 0ss of responsiveness to 'circulating glucose |evels. The

di sease strateeatigypdptide aveleges;usetsesonpor angioilar fstoabpiefesabdy ip e, regylptadinat i c
injury, chemical injury, infectious disease, chronic alcohol ingestion, 20
endocri nopathiés, genetic disorders such as Down's Syndrone, or any ot her
etiol ogy causBy¢imalingeintindedardyyof the varielisriesatin,insubin ahpdoguagiordnyubie-lisancr eas.
"Mature o t di abetes.of. ung.' j At L0 |

per cent agdigr MPRfer 1 s ¥ Piigrndnd P Rhsp P il Bofci, SOy e
type 1li5r prygesse@ pobitaidy et e snepdbelitotoy pey. of these érgitiehar act eri zed by a genetic

ggf ect ) I n_A bet az‘ﬁ?a L,teg um%ﬁlttlllsgr}s \{\ﬁténtzie(? Ec]o reng‘:;lrnI Xnyoc%gcgltsé stgt%%?ﬂelré{ pan%éatl?ce{)é%g € age

. ;islet cell function is dysfunctional such that there is a loss of responsiveness to ‘circulating

Fglucose levels. The 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 pneumoniae, inborn

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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"Aut oi mmune di sease" is intended to enconpass any i mune nedi ated process,
hunoral or cellular, that results in the rejection and destruction of the
host' s ero®Biosas9 pancreas. The etiol ogy of this process PETI/US02/3G6333 not
limted to, inmune response to an infection by an agent such as coxsackie
virus, or Mycopl asma pneunDniae i nborn 30 netabolic propensity to

aut oi mune dysfuncti on, a chem cal exposure. Polyacrylam de Cel

El ectroph &é&ﬁes(nf’@@!@thmﬁg}ﬁh%téf 2SROTERN Werd 38fbvE BEPRIAEShe (Iﬁomemah oot the
only one) or achievin racti onation of polypeptides on the basis of
size is pb¢ ;aegsstymmu&e taytie gedatest exésphandebe moveneat pf thy pmpilest welegwlgsdo met hod
is that p t / Hegrate

t hr ough tﬁ[hgﬁ)e%ﬁ éxge% T&%ﬁéﬁﬁ[ﬁ%{e‘?gg@%@%{agﬁ% trﬁgf%e}t : i%ﬁg errent of the
| ar gest rrrﬁl@ﬂuplmestsontthmpgwwlemide@d e Bothabedore lapd duxingrelectrephorebis, theml | est
nol ecul th east  exten Y [ I t, the
gr eat er’se t IPeO?WS'E)tHEf by“’ﬁ &y < fmuotuggp nfsgi :teosthlE %‘é e%%tp%?g%dc ?@qe%%ggﬁgel Bot h
bef or e and SOy, iunder e&h&rhtcroﬁmhomme polypdpaid&s qn@diqnpmmdl Ngive gdis e riy irethe

cont i nuousl er, ent S u e f SDS under
whi ch condi ?%ﬁgp@ﬁsg t&'ﬁi’tﬂ ég‘% gfonaty ‘gﬁ P?TV afﬂé{:.gi‘ legfgrf’ghoé un in the
albsence ﬁfbesliﬁahz-ghGlrwgbf}ﬁpaﬁfah?@prbéeglﬁiel oniat ed by polyacryl am dedgel

el ect rophoresi s_can e visualjze irect a st aini roce

West ern Transf ¥ esffpbg@aif? "Fﬁl@repdﬂﬁd)él&’oé? Xft 'ﬁé W\Rﬂ%‘inéfaﬂsrg‘g %rﬁqug;e (létfs%c edure

(al'so 1010 kil 1&Gs tlﬁirrﬁlﬁolblaﬁﬁiﬁgbom & bhyd@hlly SrahisBerppiigiepaddsyfridtiansde by
pol ypeptides fractionated pal yacryl am de gel _el ectrophoresis onto a

ni trocel | mqb@éry\lﬁml@eegelo?le%%{l%ﬁls 2B B phitrogelinlose fiteroor angiher APPOPHARI ng t he

relative pashdd %ﬁleowaﬁhgp@l@t fe@a%ﬁerﬁﬁﬂﬂohi g %dlﬁf'ébﬁ reshIBAg | BHRL thn
procedure. The blot is then gro ed wth an an t hat fpeC|f|caIIy bi nds

to the pofagieptipepesdugst Theplot ésthen probed WlMlaﬂﬁl@S‘y thet gnesifis r¥rifone is a
protein or been separated froma cellular conponent.
"Purifi ed"thppél?&?&de@g%%ﬁl%nes have been purified to a level of purity
not folfnd in nat Upueifie® proteinserararingng i qoprpiein qsrhorraene that e baeNePargted prot ei n
or horno % ; t.Sieddpat do
ot mat er HT 3 B S O b PO elT ™ cenes
of the endnfq:unt;enqw?mmdemgatures A rfsehsdetkrllypurei gireteia dslormete ipe prgteintoed t o any
of those ge t or

di fferent |gha? @@eﬁ?ﬁﬁ%&aﬁ%@cﬂ} e%t‘% {ap g B,ec%%; g(gﬁoglgrg% h]t%hgd %ﬁ%ﬁ%&ﬂgggﬁcr eas.
These genethepmpémeke)fmwthonaoracmcptotémmted to, pdxl, pax4, pax6, neurogenin

L neuw pgeni n 2‘Genne% 03 Bgeeﬂ!icpcrl%é le%%ag’ 1[3) ’int%dleﬁ_ ?d in'clﬂﬁéli)ﬁtr}l’ot 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, pdx1, pax4, pax6, neurogenin 1, neurogenin 2, neurogenin 3, neuro D, GLUT2, insulin,
Isl1, Hixb9, Nkx2.2.

25
IT1. 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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Isll, Hxb9, Nkx2.2. 25 I1. Adipose-Derived Stemor Stromal Cells Adipose
stemcell or "adipose stromal cell" refers to cells that originate from
adi pose twel0@3%94BY "adi pose” is neant any fat tissue. ThePadiysoyss3rs ssue
may be brown or white adi pose tissue, derived from subcut aneous,

onental /visceral, mammary, gonadal, or 30 other adi pose tissue site.
Preferably, the adi pose is subcutaneous white adi pose tissue. Such cells

MRy CONPri;se. & Rgﬁlgﬁééeﬁcﬁgosl%r% hYEvedr th@'&ﬁjrw atdgbgeztﬁgleccﬁltﬁe hkth6d of e

adi pose ({(isslue nm organi smhaving fat tissue. Preferably, the
adi pose t iisstatien o adipesatisdue damot motidal torthé drvahtion. tliiposaetiop dserdatiyelyaons hunan.
A conveni ent .sour ce, of i pose. - / 4 0 : FSsue i s
from | i podt@HToRMSE e W?’tﬂ cﬁ%ﬁ%{?e‘#é%%&r\?gh %gua(r?%gccggtaggi-[ é)gg eg{sﬁglg{zfgﬁtyo%ft he

met hod of paticaes. at isomelbdocadepabihat ddimagtes areraatplemisiable abll populdtien Evemt i on.

Li posuction is a relatively nop- invasive procedure with cos . c effects,
wht ch Sr o aterupieb rasl ot ien e PGB iy Tolits S s gBisipS
docunent edr hdigdcyrd iPAcMiRRudiRedtinhe teniastaltt.c Thie biggpaptithteddipose tidswen 5
after surgical renoval by |iposuction or.o herg;ﬁalr.ocgaure it is comon to

see a recGPHEASEToRH stericBil Yk arerapgblg of el BOSFPPYE- at the sane

site. This sugggnbisgit hAtdeddi RQS&H1s! thas bipose @ekiddn&rosial #IR! aréteapablebtf s, whi ch
are capabl e of self-renewal into adi ﬁocyt es. Pat hol ogi vj dence suggests

C
that adi pdéférensietionnalong pokile linspge; Pathwaysa pHis oG eomgiop g distuedtgrs: al ong
mul tighe 'rlrfgﬂﬁ?&ﬁaap,f&eb%y $rom HAFHobPSI1ikE CAMDNSHOfidsud uforeott Miked Sriginlie
S,

| i posarco , devel op from adi'pocyte-like cells. Soft tissue tunmors of
mi xed ori gélativehecoremen.i Thesp meayninelde Tsments phadippse) tisswe, BMustie (13008 OBdi pose

tissue, n"’éﬁcﬁétgl%,&?ag?%%b ﬁlﬁf/or volt&! & Bhtdents G & kRO Bond@ M/ IQbWR @S ?rogj_régsip@t ients

wWth a rare co nown as progressive osseous heteroplasia,
subcut ane @ssoedlicrepitsiss sbontancoonadipasytes frlikmdane fos BRleAWN redePrin adi pose

Li ssue- deri ved aguh Ol Gehile Galk Borfa PRI B MipiRied 4O vivo,

di fferenti ated al ong uni que i neage pat hways, genetically engineered, and
r e- i ntisoduliffglentiatet alongoinique Umkageaatievayhegengtirelly suginesredo ancaretigyedised
transpl ant.at i.on.. 00453795 t LV ] .l ttsburgh and The
Regent s of“?t? ﬁéﬂﬂﬁﬁya{\ﬁl)searsse?t[?? a%tf)lotg?lﬁﬁqi%}lo lﬁ%{lgﬁg%sh%a )l i

2002/ 0076400  a¥§eO §asa79500 thed iversigyriPitisbafgh ail ThesRegensh of e Sniverséy of

w0t e TG SRS O et ppcyt o, 2
The cel | s R@sburghedisdlise @yfipose-dativddestan calistahd tuttiveobubgftially free ofpiitiaciies
Corrpos2|0t ! %?13 ’redt lg)logde c?e?lrs %;[uf clonal populations of connective tissue stem cells. The cells can
be employed, alone or within biologically-compatible compositions, to generate
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

exhibit at least one characteristic of an osteoblast that can be used in vivo to repair bone
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differentiated tissues and structures, both in vivo and in vitro.
Additionally, the cells can be expanded and cultured to produce hornones
and to prwoiode3wsndi tioned culture nmedia for supporting Phe/usppnsd3m and
expansi on of other cell populations. In another aspect, these 25
publications disclose a |lipo-derived lattice substantially devoid of cells,
whi ch includes extracellular matrix material form adi pose tissue. The
lattice cap t’ﬁ%atuﬁgfé 8‘1? a@essu%E sf Rifosd gernfeécdste'of)l%gt%kreh&ll%a‘ﬁv‘ﬁehoﬁtﬂally
dlfferentla i'on o ¥ her " 1n vivo or in vitro, 1nto anlagen or

mat ur e t|$5mmmdbnamhﬁﬁimnembmméwﬂhenmprl|cat|on di scl oses adi pose tissue

deri ved stro mige% g?é;lﬁrlﬁc at6 4&%&%2 aes??nédn ggg CﬁgHBfam Phfiatithal | Gsidse®NE

phenot ypi ¢ or Char 4Ctéfi g errdocri1 ne pancreas cell.
U. S. Pat emtetiNds fdr,idBitingDétealsiast diffeckntigtioArftasc bmm&cmaméulhr}saﬂﬁms‘e‘sssue
conposi tion of = an

i, sol at ed .human, adi Vv Q [l that
has been &YfipaPais heAfmose HEgh gqst n e{)Pﬁl%g ?flgﬁt: & lgrrnac?t elillhsgttclggljalofg
ost eobl astohichBedrtiéoad) be used in vivo to repair bone -16 WO 03/039489
PCT/ US02/ 36373___and treat e_di seas j s adi.pose-deri
ost eobl ast - | i k&VQEPH 4§%arﬁbl93p?‘?t%§%r @isﬁggeﬁﬁt@ﬁl}f)@? Vor58i© g?leaa b ned
with a matgdeisesUmethoRa a8t colosiflord 2for 26 dafSE trdiacion tofﬁ Binginoprdadigrytes
I nternational discloses nethods for_induci n .ost eohl ast . di fferent atl on

f r om humariscisted Sffemaupdinesy Hefupodwr (adipggyes sbepyng iy ’E“i“ﬁ‘b BHEUGdPPYs

tissugce lﬂh?mélﬂg@al'chﬁh’ét&lsﬂ% §1ﬂnﬂ£}tto ﬂﬁﬁéﬂdéﬂvéchﬁtlsdl&t&l prﬁ@zﬂy adlifoctes.
gl ucocorticoid . _Pat ent 432 11 sti ng Tlal vor sen

et al as i nvenM‘ﬁP91/52%(?1s@ﬂ@§@§hPﬁeUﬁoB§ef&rﬁPPE%ﬁ‘i‘ﬁBé\{°t ?%éﬂoﬁ%ﬁ?"lf‘?}éﬁ
di fferent 'S%Leig@ég &?Jclo*&éém@ﬂat% & 6s@<%i§éﬁ%%€nvéd%%ﬁﬂaﬁé€ufs l’tmrhm' HResMdhdeassie i nto

adi pocyt es aring biochem ca enetic, and '?s@ﬁ) ysi ol ogi cal
char act er iespicsssatsjeadt| ane phenetyipie chiyaserisgel afrp nawp e@“ﬁgli%alie%awpﬁ%yt es. WO

01/62901 3’:@%??&' dr %Eﬁ%f-‘f a?lﬁ dlnzgal%ﬁ af FBlat BB tﬂ@ue-&@@é& QR3ZBSs kit Ar t ecel

Sci ences 0Ses 1'so ose tissue-derived stromal cells that have
been i I5dudmsb¢en demﬂpreawe@suchelmthemneaxpaiesmew@ pdipedyia ﬁ@n@wmlg fagkesfis g

neur onal , iStcﬁS% I| , hemat opoi eti.c progenitor or hepatic cell. In
addi tion; PE ed adi pose tissue- ‘derived stromal cells that 15 has been
dedi f f er ent i at &0S.sPatént tNrat6,429¢018 asdgnad tab"schlesmnceajdpdcgps SOPPRSIING i C.

Soi onces alteRrE B BaHE Eors isoe e Bl ERbmpel it By RpT RGN Bprdss At ece!

ti ssue- derdt wask Gerchiratteristic lof & biadndivage b¥ethodnale aisd disolossdpioedifferentiatingase one
char ac erl tic Pf a chondrocyte. Methods are al so disclosed for

di f f erht i Bese g’
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 typically 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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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

cartil agewoan/obase sol ated froma variety of henatopoeti cPamasS02/36373

non- hemat opoetic tissues including peripheral blood, bone marrow and

adi pose tissue. 25 The adi pose tissue derived stromal cells useful in the
nmet hods of invention are isolated by a variety of nethods known to those

it sburgh ot A0 IHHEREOPRIEN, Tt etlb B ARt adiBer B RLET 1Y o

Zen- Bi 0, Istromallcellg theradfpese tueristtivatdd witticpldagenasé stsapeceangraiians lbetveeh §.6bm a

manmmal i an suhj ect referably a human. sibj-ect . .or r . r f

i pose- 11300 PP C BT b mO TR AR ook B RECTpRERATR $E6E

typi cal 'y .@0loal. 24, fayfetabh06.0¢ td 0104%), inobthymrefermblyl G2%f ait thmpemmentbeowenr e t o be
L1 250 Sho 2586 20 PSR R 40 HP IS (D PECTRY g 001 Grdon BY O O

aut ol 0goushetddea NS Rlimids. toAl Hoafs) pilckeraly betivéed J0rminael &Nt Bour] mes pesferatty be

al l ogenic. -17 WD 03/039489 PCI/ US02/ 36373 As pnon-ligyti exapple, in
one net hodtSdrinytes| Heicalls Agppsekihfquel gayigeps ‘U‘éﬁFeg‘P?‘d’lﬁ*’ fﬁ%’f ?f},%t“feﬁ% di pose

tissue is hiRAL 8OS00hidrdns) held PRAGEDIH beRBE BNtY AY0I AiRFonbShue gRefdatll 70 t 0 0. 5%
preferably 0.04 to 0.2% 'nost referabIP/ 0.1% trypsin _at concentrations

bet ween Onigmons.o The seis a5p & subiesied tdiffergnignl gempgifigatian direstle mpedia 6 204 at
tenpergt Urgs, Qg%\éﬁ%? Percdl of Bttef %ﬁi&ﬂﬁé efakhy 0816 etk 40pecdi@s!

/ &
preferably at , for periods 0O between 10 m nutes to 3 hours,
pr ef er abl ybebedendhtoFPORK e mete prsferabliofi0, to AAAX grraess priirgbly 550X Hifoes. The
cells are e . s fdedst en 20
i crone. t VRO e saL P B EV SNl fe BRI D B Pl R BT
pr ef er abl y5 ththutes] at tonEratlive of bétivserndetot ¥R praitrplely thetiveen 287 fof ¥ ernoshl
centri fugat‘iafgr%bldia{ &I y in media or 10 over a Ficoll or Percoll or other
parti cul atié gr adi’efit > Cells are centri fuged at speeds of between 100 to
3000X I, nore |u gteanitiey R8od of 15RENXe gdippmesieripyde fteanadd | opline BSDaiep! f or

peri ods of between 1 nm.nute r, r r - b Fput es,
nost pref ¥ étﬁl?]ﬁu&‘?s#e%ﬁl? %sl,nslgé g’té?f%(g}rjtgt%a%%%lo ugge(fv{g nsyeﬁ.lg {Stg%g%%?ci%?ef erably
bet ween . 20ntreduéigan adipdse tipsef amall igtoatn aBo@ated Seviae, seljectingtittera washingd of

dascri bed ML Faeagre phiarerat o oful Rleq By (URA SIEHETAES , ¢,

i nt roduci ngsulingadil pepensidnss tistles@dpli€a bentrifugrreadyt eoaptett. deviche, wagulbp ect i ng

't to 26}) V\'laasdri};ors]egderived cells are isolated from a tissue sample, preserving the cellular integrity of

the desired cells.

III. Inducement of Adipose-Derived Stromal Cells To Exhibit At L.east 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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phase 'and a di ssociati ng phase wherein the tissue is agitated and rotated
such ..that the resulting cell suspension is collected into a

cent ri f ugworre@shssy ecept acl e. I n such- a way, the 20 adi poPeTdsnt/sad cel | s
are isolated froma tissue sanple, preserving the cellular integrity of
the desired cells. Il1l1. Inducenent of Adipose-Derived Stromal Cells To
Exhibit At Least One Characteristic of a Pancreas Cell 25 The invention

i ncludes the tr { o j pose-derived stronmal cells to induce the
formati on of aAgg%ﬁﬁgﬁ%€i%§%§@§@%s at | east one genotypi c or phenotypic
characteri sti c While the paeatieaisi rot delirld, byNemy- theery taf regeraticenail is debiéver dbatt o

induce the differentiation of adi pose ived. . I | © 1)
the use of et pER: afbor? tefie GROREPELs N LR G S dohilh e
i mpl ant at i AmQfentbi@nitnstirhdte parifiedoredcanbihamt igruvoh fderd, icgtekiaen homnqnes,i ent ;

d 4) cellyl i neering techni ._-18 WD .03/ 039489 PCT/ USQ2( 36373
%) ol 15 MR I BB AT oL AP HOAr SAAC R TOURA Iy Choory of

oper at i on, infdceidstdp@itinged that treatnent of the adi pose-derived stronal
cells with a nmedium containing a conbination of _serum .enbryonic extracts,
purified or r eé\é‘ﬂ_ﬁisﬂﬁiﬁca]@fé@& RVSToR ! eéﬁ‘%"?ﬁ"?ﬁie@f S%W%ﬁ%,a%\%agﬁ’ﬁ&ef or

cheni cal ag@Rt® cellsNnt® 22celli HIBMS OFAbtyBIc cF-phbRBiylid PldpértyNbL4 paRtvdatiovagnt , Wil |
induce differentiation. Mire specifically, the invention pnovi%gf,a met hod
for differewmmriangnglatne denlyeds adivgerdarad cdplt sstom§lls & et 1doHEd HFSD _
genot yj ¢ igaumg%& YRt QinRfe@POT 4 YdeRdity2 o @BGH SBH00C tof Bhdut S00QUPTdeBy/BE*; Pl ating
i sol ated adi pose-derived adult stemcells at a desired den3|té, 10

i ncl udi ng ibeitbatieg thei ealls d ar eheziendlhi sdefiped Fulipe wredinmp gemprésingy dfuleass G000

cel | S/ et &dound B66RGH 18l hOEGR! Lohsistine of AR dolort B, efibling.e medi um
conprising a Peast one conpound sel ect'ed fromthe group consisting of.
growt h f acteoum faator, muplear homaikirepsptor Beyidyror frscether defined Ichemicil@gmine r ecept or

P oui d . . . oo PE
| qui d, or any ol g/, iﬂ%fséfﬁ'lﬁlg ltﬁéd‘@:@?hgﬁét o@ﬂ@&%entﬁﬁ?%lx{ﬁg,g&? 31%5&5{ gllmﬁigﬁ td,ne

nmet hods of the |nven9|on I re not ur obasal T™M
(suppl BrenieagdobisiltM upplerhémed with etralvitiooy i felel devinsrsaem bashasicf fittyplolhdtiast i ¢

(Bovi no. SaFETEiSe GOFDe)2- 2og Mt Ex iy S0kl sebfot il 1600,
BG) Medi umBownt [Seamd AWubinofite) P 1a(HAM)aBKS (rANMy dDdECMat DOGM2, RRdEI16Medi um
Eagle + 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), Minimum 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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(BME-with the addition of Earle's salt base), Dul becco's Mdified Eagle
Medi um 20 ( DVEM wi t hout serum), Yamane, | MEM 20, d asgow Modification Eagle
Medi um (VEDE™MP394R®I bovitz L-15 Medium MCoy's 5A Medi um PREAISO2BASLDO
(ML99E-with Earle's sale base), Medium ML99 (ML99H-wi th Hank's salt base),
M ni mum Essential MediumEagle (MEME-with Earle's salt base), M ninmm
Essential Medium Eagle (MEM Hw th Hank's salt base) and M ninmum Essenti al
Medi um Eagl e (MéMa'NAﬁmzér Wetcf‘ffé?%aﬁ‘&ﬁ@ﬂ‘ddﬁ@lse ATivVRQ staéihal Slis iRRRDs fETEr OUS

ot hers, including medium 199, CMRL 1415, CWVRL 1969, CWVRL 1066 N%TC 135,

VB 75261, expgssgat ligast OIE 18¢B0tyRiE |arj Rhggetypies ch Néﬂmc@fww&qfeatlﬂ%ﬁc

301, MCDB. MR, HYRBC rfaﬁ[d rredl um
for use |n&$ﬁi resen? |ynvent|%%ﬂqgg@%lg/{l&]tﬁaetse ar?%g%twﬁg?%gfel ul . media are
avai | abl eirf t}mrdlmraﬁtatloﬁoémbgbmtoand,ls intovinsuligSacrgiiee Baa pellsl asglisclased Hdust ri es,

e e o O yBURALT oRIFR A gy o

Jakoby andoriaiatfetal, seAmdém\and:mregm Shavisy. orlgmgatmo()@ham aptwtug@w 36373
Medi a usef the differe i on of i<pOS I Il's into
cells thatag%‘ﬁpfdgésp’éﬁfer?bé%satt %8% 24 ?plt(gdlgr *p 8%5; %"?ega"g fgé@t e%stl c of a
pancr eat i Eniieycnic&itrtact of lalilhklﬁln&ﬁ o&enspeblemoxngln spyesseict ecomventratibogii@out  agoni st

t hat have peen sho to be i th nt| |on of progenitor
cel I's int A RSGs H%Aeg“é%lﬁ%f‘tﬁ??@% tas@})1 {ﬂ gs)"]’é‘éosg'i’rg%f%g'e £\WD 00/ 47721 to
Ont ogagy, | nc. TRE ghwth Mg cyidRines, hbmdnbsaumtnlﬂﬁf&&nﬁnﬁbﬁlmcludmgnbutam will
contain fetal serum of bovine or other.s emgs or.i g a con entrati on of

at | east 19 ipitedyigogrowdnbyrmope eEYAPQLItLY QPO egg}h?lb3 7B L}1§8’3t |y

preferabl y ahetuiH0% ma %8 Nofon§ XstifrAddtin® f factb, Ccklﬁﬂh@zintheth:elS @®tires origin
is present at a concentration of about 1%to 30% nprefer abl&%& 31 | east
about 5% Weqmwg%silgé}ﬂdeﬂ@ﬂ%l ipsuligolike grsonth fecterpee ES?%W‘hgTP cfor,

cyt oki nes, RG] ford WIRVB&DS, @Dark Hehidetb fAotek, pdtelet dwr&fed imted
to, grow ﬁbﬁmwgﬁ%er ttr1ro oere]iﬁgl n, throrratl)rgpm etllﬂﬂcl nt erﬁukl @ b
r, c-kit

i nt er 11éukigrowth 6actqrn@@rb0é9 mthpgenﬁﬁ‘t?réﬁﬂﬁh@}é’%@@ﬁ&m% f ]Pﬁﬁ‘i"%ﬁ‘lpﬁ@g?
i gand/ st ‘%@nﬁgyamf/ﬁﬂe%ls FRYERME B S0 Ebﬂ&eﬁtta@i@ﬂsd thel dasWhiffbtord, R§dkings | i ke

grow h fac epidermal growth factor, fibroblast growth factor, nerve
growt h f aehdhprmeinesinsefid du t@tm@bmsc)fﬂ@cmmnﬁ% Ia@taé’iee‘ff’ ELPcl0 180%rtBsu h

factor, E?m?at% & mPFlIrOBE' Qdfst ﬁ{lﬂp‘lﬁoﬂr % fdid %ye‘fcﬁ@ %Pﬂltd{eﬁ huc %es??roﬁ%d‘ﬂ%@@

pi cogr an ramn eve exanpl € at s concentrations,
t he growt hiefiest sromal ogllsokcmiemsy foaming hioit r(ﬁﬁ@)sa&&@éf Mopsé at g (HEBhbAtlof t he

inventjon are aplesh Qo BHGEe R (1689 L eRHEindiN§42:3875-3883; 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

control.
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formati on of blood cells (lynphoid, erythroid, myeloid or platelet

| i neages) from adi pose derived stromal cells in colony formng unit (CFU)
assays. (Wbasm3®ss al. (1973) J. Natl. 20 Cancer Inst. 50: ®#03ABE3B363Lke et
al. (1989) J. Immunol. 142:3875-3883; Medina et al. (2993) J. Exp. Med.
178:1507-1515. Growmt h factors which have been shown to be able to assist in
produci ng insulin- producing cells include the peptides, GP-1, extendin-4
as wel | as analiogyesghiayd gt theURH tnaddid @inﬂiyioﬁ@ﬂﬁ%bﬂgﬂw&)owwms ackll tiaequences
as disclosed in WO 00/ 09666 to Egan et al .. It s f ulrther reco n| zed
that addi t§8FF&Ies 8olRfbABHEDORRYF GePhgprige { r%CF?élS%P%FI&%Gﬁ@&.O&WC
conponent ScelBe, F&hc&@ﬁé BbRY, b6, defth Iawpp Bell. al‘HeZﬁrtﬂ:ﬁlaﬂ Sell @ﬁ@ 4 pirate€ eymonent s
known to the art for the culture of cells ddi tional |y, conpgonents may be
added to eH¥anesas knevyite those skillsd |11bﬁ1°rﬁ*%c8%1%10“1611Y1é1?ef%1h@mn&%15 Hgkkke can

i ncl ud chem cal
corrpougjds b%&rva ggg no'i’ghe? noI}JpEE %f%eh&yplg tcﬁa[r%ﬂg?gtﬁﬁ g)%p:rég%dg’%ﬁ thé@ggeg%tﬂgtgcrll ved
stromal cegells Blyenamllcmker&gf@@d@wﬁa@lis\ﬂé lisigd RelowsAre g knesghtortagse of 20 WO
03/ 039489 / c itions
descri bed ‘goovg%g&leﬁg% %[ gé{l 06@ %&Sﬁp%%g%%gg%{sﬂgg%e %@gestg%dﬁté&gp%%{l@tgﬁg or
phenot ypi cmakers ewttisné Btticdlissiosed gicagbeidentified ofithputnmdesaexperiertation. dny
pancreatic ha, .bet I I e | @ I are
separ at ed %fathgarrln arkr?gsa%e ugegﬂot\%\)% Oﬁfr{ﬁlggﬁk saﬂlpﬁgedgﬂi%& ‘H@ ar &%Egra %%/%E arly
usef ul 10ar emdtn:ad\matd]ﬁerent&k@lﬁatadvant age of the genotypic or phenotypic
characteristic ferentiate i c,markers
of the desired Spﬁ? 1P PE%(né)b'pf)c %8%“5? TN mdlﬁg?/vr%u{ gep ?ltolsnél%g%{g cglrl di nary
skill in thefasr tprotcﬁuml @mkﬂua] yrqaeihd, i liethoiphololge, bad/er atanstery paductd. onal
phenot ypi mar ker. t| nue t be disclosed o ntif.ied w thout
undue expe?qnﬁrﬁ?ﬂcaﬁlﬁﬁ’é Nf&}’resémg UCHROD% WP&B&‘ r ré(eﬁsggn‘frga 185’ﬁtfiilsr'l%1°?]\rqﬂat t he
adi pose- deghamedriaidy et @ pteksohefparkee [hclu]iﬁlgl bad berd inited t@nﬂ;hﬁ,f;ﬂlxe nti at ed

state. Li neage speci fic phenoty tics can ingclud ut are not
i mit el t ofalse dpnpwn &g IP, §c£ ok é‘%grfﬁg;t%gﬁﬁ eﬁeallmé’r BYEPEPE: & Insﬁtﬂ‘ phol ogy,
and/ or secpgineimord) pabasekis betaE@Il\sﬁd’oﬂﬁ'id lergabpbants 6f ific. CBRIF S RoMtdt@aGRAS, anong
other markers. Pancreatic beta islet cell .characterjstics.include the

expr essi onseaitiveiueEsseent probe Wiilhsplestiveln belilabileizing i yiahledetarcellspdiexhibit (o) 5o
known as | Q&tdion! 8- dmR&ch SHveiddgthSidITiiR. vibigler Qﬁctrlﬂﬁuhﬁﬂiﬂ@ this. .18&Miguasul i n.

Furthernore, pancreatic beta- cel%ts contain |ar amounts_of zinc. Use of a
non-t oxi ¢ @qp}p(l;table by standard instrumentation (Lukowiak B et al. J Histochem 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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sensitive fluorescent probe will selectively.label labile zinc in viable
beta-cells . and. exhibit excitation and em ssion wavel engths in the

, - Vi si blwogpesusum making this,.. technique exploitabl @Coyuset/asidnrd
instrunmentation (Lukow ak B et al., J H stochem Cytochem 2001 20 Apr;
49(4):519-28). Cell sorting of dissociated Newport G een-|abeled cells
resulted in a clear separation of beta-cells, as judged by insulin content

per DNA ariehmunaﬁ%g&ﬁytamﬁaﬁ&lahm@mb Ythk SuseByf Uﬁfﬁa&ﬁdsf h@NEIC akeO R, OF
simlar cell sorting tools, one skilled in the art vv|II be able to purify

beta cel | SPaFaAnagPEle pattwieﬁ goated Wih sprodic gptibpdies fida insBiite Slucagainsopatostasin

Pancr eat i corq,gﬁgr@atlgﬁ,bllyﬁetﬁg)oress somat ostatin, anong other markers while
pancreatic PP cells express pancreatic pon eptide. Ot her narkers for
t hese cell -t ypé@euqﬁ@rdaw skill @ctbm@wvﬂll Beogtties| that Jraewik PHenimetasapresert KI T

receptoy t; Efeabitond! t r 0 Dec;
29(6): 357-61; acﬁgﬁaﬂ?%@%@é\%"@?’egmzé’&c %‘@; 0(9 a:a%ggf{-%égsi)ry %Si%g

al t er nat i veadiytabedaindlespresendehdbssgcetifiadineand spyséfsithatkerl |y to markers found
on the various,cegl V. p i [,On. . Vil C d

t echni ques knom%/ll% %c())hlte%ggg’%dl B ﬁ{é {nk&ﬁ?}é %ro qu%%ggédlﬁgﬁha?eghggﬁﬁéﬁl ude,

but are ncﬂ:dipoisa:fﬂd:rb/d? adnlt stemlmeibcabdm: oﬁlbeirig mduceémmpmsswlmoxw@ehowptl ng and
i mmunomagnet ur. i n 39489
T Usoa) FEsp i BRI o Bl BT A STRuE cbine GbalShP iR beads
whi ch Hr e differeatiatipn. pﬁaﬂaﬁﬁgﬁﬁiatad aﬁpdse-dblés&:dcadah attmacélh issjdentiffeld byathe i bodi es
(i.e. insulLin ucago S statl n or pancreatic polypetide). One of
ordi nary s¥Ffice g#f"?tﬂlg aﬁPPC F‘@t:ognl ze that known calorinetric,
fluorescent, 5 inmunochem cal pol ynmerase chain reaction, chem cal or

radi ochem cal t hods can readi ascertain t resence _or sence of a

| i neage specifi® ma R%P.S?W%Gﬁ‘qég‘oelﬁﬁﬁmmtmﬁf t'?ﬂ%ﬁflllfngﬁ'ﬂ?@?ﬁ'des a
dedi fferenti ated, | pelivddEStromadidiese-derived adult stem cell capabl e of
bei ng i nduced to express at |east one genotypic or phenotypic
charachteristic of a pancreatic cell within a culture medi um capabl e of such
10 differenti atthQRothd SRddicht %ﬂftlieaﬁﬁ&tﬁﬁl ﬂ@f&t Gél[s' M@leélﬂtﬂ roflofynee! | s
identified by the absence of mature adi pocyte markers, e of Support
Cel | s To Plifereutitionef theradiposnidsrived storasl qelle” Rep psed cei@rwé& hymesrest  Cel | s

15 . 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 cell is desired, adipose-derived stromal cells are first isolated by any of the
means described above, and grown in culture 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, gamma, 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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-In, another enbodi nent of the invention, support cells are used to pronote
the differentiation of the adi pose-derived stromal cells. The support

cell s carwbeslosgasn, or nonhuman-ani mal derived cells. |f poonisansds7ani mal
support cells are used, the resulting differentiated cells are inplanted
vi a xenotranspl antation. 20 Adi pose-derived cells of the invention are
isolated and cultured within a population of cells, nost preferably the

popul ation is & dafsb QSﬂtelﬁﬂBt'éb @9lt@@pre£ﬁemenwnatmrﬁb wns @edd 18 suﬁport the
het er ogenegus and ingcludes support cells for sup ing fact ch?ls the cells

of the i nyiffremigtion ofthe desired é‘F san} b gepgtcadly r?égm‘?,eé? toyBpswEPQrHeEliswilPf  pronot e
the differgpn ér@tgh&'?ical@rrﬁwlﬁedatﬁ%x FE8 éﬁo@é}fbﬂ§ e of REreples he Exr@kiof of AS @

non-limti ngo exanp an adi pose-derived 25 stronal cell that expresses
at | east &n gg@@r@tgymsey@ny prbpd deseiibeddislomaerkapy &9 thesegkillgd ighipaiteat i ¢ bet a
cell i desired, adipose-derived stromal cells are first isolated by any of

the neans described above, and grown in culture in the presence of other
support cells. (Jor Implamtatien t hese support cells preferably possess the
characteristic of her NGy e e p I gams,
PP. 1n anot her e% her 3 @t cﬁﬁte%ts\;tf%%%r Irovu?% ‘ﬁg‘?"s’a %rvie@e%% 1]El rgfcl)grn%Bcrlr mary
cul tures diffdrbreimeedoells exgrpmmgtzmldeast bno gerptypiai oe ghqpatypicechwracicgsticeof 4 n yet
anot her enbodi ment hh[e g rt. cel(l)l(s) are, d r'll\éee%mf rtor’r;] I uortlsal' cell
lines. | nPeUHERs Sl o? HR 2ipRes 2 1408Y SBPRREY autol ogousl y.

| n ot her eltfﬁaéhtniﬁm faked plece Bzu\pp@lbty nmahi sf fcorobitaialipdh el agaomnaaloky. - 22

WO 03/ 039489 S02/ 36373 . SQ cqnte t he present

i nvention 't clogs) Onﬁseg’(!fo 181%31? fran n?qn?i;plém ’P?aa BP°FHe desired
cel | 'Canl Fﬁ’f (gﬁﬁge?rhlﬁ‘(%ﬁﬂléhtﬁﬂﬁl ﬂ%ebﬁdrah@ldh&tlsﬂﬁp%bcumbdts orThEradeEdF]desl. are
genetica nodj fi ed t.0 express. exogenou nes or.to repress t

expr essi of Igerablynths subeqs 4s g‘é‘ﬁ@s 13y, RS P %’i‘é tﬁ“eg‘i’lﬁf’tb‘é(]j’u oW P%ehow t o

those ski leh®ddintent iRe 61t is Roflantdd Rl anbahi @& i MnaRed BELIRSGRAC banckdatic
i nvention provides adi pose-derived stromal cells and drfferentqﬁﬁt gd cells

expr eslsi ng’ob‘ﬂ’eﬂ’t@ﬁs%on@%taﬁ’é r‘?bt“ﬂb‘?‘bwﬁli‘ Ot %’i‘t@nélrgé?‘ﬁtét aterst The

pancreas gl invidi@h chSbeiR@ict tol dirretiitRteOs O, R RferdnpREANOE intd Apbsiphtant at i ons.
The 10 differentiation takes place in vivo by nmeans of factors naturally in
t he environnentlhes. inj silly gnethee @spesk tthe anePHOIbﬁec@FPéoﬁF‘}?ﬁtﬂd fof pEodding of
transpl antyaed Ofiafed cBI SRR AREShPRANGEERR o geh&y{gltz B{efihe’ﬁgggg'cﬁﬁ'ﬂét&lsh@ ergite of
transpl antation 1I's subcutaneous or |ntraperitoneal eferably, the

subj ect i Paneaseell tora subiselecqmEisigabl y, the subject is human. In anot her

20 a) isolating adipose tissue-derived stromal cells;

J)

b) plating 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, a 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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enbodi nent, the cell is inplanted in an area that is in need of glucagon,
pancreatic 15 pol ypeptide, somatostatin, or insulin with or wthout

addi ti onaWwOgpos4be f actors. The cell of the invention canPo@/usndssesl to
differentiate in vitro or after inplantation into a patient. Thus, in
still another aspect, the, invention discloses a nmethod for providing
differentiated cells of expressing at |east one a genotypic or phenotypic

char act er i &kived Gtfondal cBIBNEE BdSdel hlohg v@thsanb Joeme supuMPeel 1S b differBtigtjon
|solat|ng$ lgosetlssue derived stro cells; ? Ig&)ln and, i ncubati ng

the cells gRseraRed s o thah v L RypV1 ‘hén e&V‘F?‘E’i‘eé‘htS?‘ ]eo r ke {mEiveel | s; c)
i nt r oduci ngféBaidioh beihe Hromd] @6l1sC ok é&ah{plé)tﬂeg@su St &HU prefepabiypARRAS R

enbodi nent of the_invention, a nethod rovidi ng undl fferentiated

adi pose- deshripelgristicrofigier paicrestiq eplltypssnjc alp! aé@ﬁﬁpdﬁﬂ@» griima, )PP} é@pmtheﬁg

adi poses i il HELpphl eUTRlard &htved bk ﬂrﬁ'ﬁ APIRHAG RS, dsqhignt i at ed
cells into the subject. I's contenplate Int elnvetlonthat
when undi ffen enltured e@ncms psﬂye étewt\ﬂ@dhersqmbndanem,etm supapis celistaroderived i nt o
the subj eGfom uRGIARN LAICHA! BRBbaimENEY 18 SopdDLARME Shaichoct | Y
into a di seased pancreas Wlt Wlt out addit’i ona or

di f f er ent i atdlegoutlaic {roother emoywnm h@porasqib@te thalmelclellogwenallyon t he

undi fferenti at 37 d stromal
cells are intro uage & ?ISBOdm%e txgg%:éé&%%ﬁﬁgefgé%?%%‘g IcgﬁdF %cf;‘}#er Cntiation
factor® ascodémanmbezdtmermnmdcmm:alw la¢cep1nbiv| @enearfoeavﬂwrapnmmtapplnnatlabl e for
the in vivo I &il ffeée'}tl'rlatt' of tromal t E} | e thfse
support celPEIpE PHE PR ?S’o 5&%"' ’Eel%lr rS%%E‘F%?&‘P‘érﬁe%?‘F tieaen 8fﬁ Mt eat i
cel I typesAdipose- deﬁilefﬂ'laallsb&t ayltuetll byameghadsrdisclofed 1hrU Sntht&ﬁrNdS emiogdiment ,

t he suppor cells are ed from ul t e.cell types
aen Py dhegringrassd R el € Bl mRide iy i o B ief
support ceddluﬁ sﬁfneceﬂie chrv@en bd naidet Wﬁr@_k igéflyiebd pHehcﬂﬁﬁc clhdﬂaoﬁdﬁi@ﬁcs of

enmbodi pents, the ort cell d. _aut ol usI her
embodi Ment&lls pher e tispe deriypd %@ Eli?ngiﬁlfé?r%lj@ﬁg le%%erciﬁrwqdrpe h&Eher
enbodi ”Entmodlﬁ&i aedéhdes ﬁ&l-érﬂb@ﬁoﬂﬂgdh@%@q@ﬁéd fé?groﬁ@dtﬂon o alegiet Pesteinn.... 10
conbination with a pharnaceutically acceptable carrier for a thera eutl c

appl i cat i d¥f Peplideet Utﬁ drgitfserntipted adippgerderivadocelli caaig ap efamptivercaedisiontifon.

reconst r Utdel LithiRikteR0 1610 HOIER - twoASH BRE(HE NS0 SEk i§ AdRBir&dHhtrdp&fic DY
met hods disclosed in U S Patent No. 6,153,432 (herein incorporated by

r ef er ence)PUHRYSee M PRcoorBRAdimaG thadediffarentiated <kl ineltaingdeaugnioronsly diopt ihat ed

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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adult stemcells can then be induced to express genotypic or phenotypic
characteristics of 15 cells other than adi pose tissue derived cells. The
dedi f f er ewDiIoaed8adi pose-derived cells are nodified to, PoElusdE3@73

non- endogenous gene sequence for production of a desired protein ,i.Y.<:
or peptide.,; The dedifferentiated adi pose-derived cell can, in an
alternative enbodinents i,= be admnistered to a host in a two- or
three-dinqnﬁwﬁﬂﬁhmﬁatrix for a desired therapeutic:.", ' purpose. In one

enbodi nent, the dedifferentiated cell is, optained %hlt,ol_o ously fromthe 20

patient's own d&f|Resen} {yeRtan prayies prpethegifer erapy aé‘f’%dg‘?:éllffer‘?”éla@ t ai ned

al | ogenei caldo¥e-ddrivedicelld iR R idiehierRP BQAPatBle WHE thaRyRMttBA inth REmammal
differentiated cells of the invention are disaggregated and transferred to
suspended Reeferablyg humaa. Shesaeapsulation spatsriahshould hersslegtgd Refdindeythsdelgased i n Wo

97/ 15310 tg (feﬁgedilﬂri]‘i)t\éﬁg %E&ég‘c?(g%\% Eleggipfgee-&@ﬁzmm FQH RO | AR mAMididusedi SCl oses

nmet hods for t vitro unctional 1slets of Langerhans from 25

pancr eat i dneliidesbus -agenotViavitestte epliagen derivativesg hplpgals calrivendlgingie cagamoss, s| et
cell clust i LS: rve {: al.ni .he clusters can then
hya u>rlctn2<{ %?% g?l?{-lh%lc%gﬁ@of&&%?co% g&}l@ d&%f@és rynﬁ ﬁbltnh

be anal yze Irochem analytical techniques known to those
skilled in the art for the presence of insulin or other hornones that

woul d be indica{, ve of reat i.c epdocri.ne functi T | ust ers or
aggr egat es canzﬁ)hen C%get?%g{pg%ﬁg? Oeﬁlﬁr%(#'{;oes ']jljeﬁ'tvg(5 %lés H(;*E I“?Fﬁsf‘i"u“e f or
ti ssuel0 30 gendn gtti amother emiegkiment,ahé adipgseHtisos elsrived21] \AKprOSIng 20 B one

PCT/ US02/ 36373 . Encapsul ation Th esent inventio Qvi a _net hod for
encapsul atSRGYPRE" Hﬁ?%f)g’?k@rf{hi’rﬁ?tg& 1 §fﬂ? BYEERY %f’\sigﬂleg%ﬁ;'én?dﬁ%g e er i al
conpat i bl exeidndud Icamspdrant adpiesd tHenéxprasiom rofedndogenowf genahl yThe fauermion The
encapsul ation naterE%£ houlq%be(gglectgg ot indﬁg t he rel ease 5 of
desired pri§P¥fsie methodetegnelicaliymodiyingsueh ¢plls aULRPPYELPYS st em cel |'s. The
materials used A hitddie!aled BoHstradt GoisHsirlg 1prb@stet shdabd eqgeide BEihicreat dav @8,

hydr ogel s,. cal ci um al gi nate, agarose, hya!urﬁnlc acid, poly-]Jactic

aci d/ pbl y-1girgused Btox FFIRRaE PIPKITY QHesOTEHkaTY Qtisy et eitpsyr aééﬁ@?*f%pllﬁféwgﬁ%hf%m on of

the Adi posgr ReA)‘Esleedd, Whidf cah REhdr M4 @MirdeBNmMRelld oY, Shord PRIGMy,enbiediment
t he adi pose-tissue derived cell expressing at |east one genotypic or

phenot ypi corgntcireay meleeulef Sipcesychomalgeulesears ncapalle o pytenanioys Hplitdtiord t o

express  eyRIRPASHR BERpREatiby (KERHRISod HBhEXRE ISR @foughHRIRNAME genes.
The invention provides a nethod of genetically nodifying such cells and

popul at i orrxpressieief iecintieduged srayencac tAlSSIRHVEIYI PRIMANGSE SRRSESEION AR OPHHE

Lo0Lena, S g e U XS o v o

In one embodiment, a vector is employed which is capable of integrating the
desired 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, e.g., resistance to antibiotics, or heavy metals, such as copper, or the
like. The selectable 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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(or RNA). nol ecul e, which can either be a linear,nolecule or, nore
preferably, a closed? covalent. circular nolecule. Since such

nol ecul eswp,0an848ncapabl e of aut ononous replication w theor/Esn2/asryi n of
replication, the expression of the gene can occur through the transient
expression of the introduced sequence. Alternatively, permanent expression
can occur 20 through the integration of the introduced DNA sequence into
the host GhitRERERANE: vdciorREEbe rReGiAR ald seleckd Grodi thoSe RBPleAYRHs Whickldoi S
capable of integrating the desired gene sequences into. the host (l:ell
chr oros oot eYtd1s therygetor; dgenuanbep picopiss %’gﬂhﬁf’%"r WiHeh 37 fApsad BeParieRlar nt o

thei r chropRs aRRHheRE: RGs §QIEAE elbdibidts Bhibr ARULLDH b&RRerlost Bl ®fMar ker s
which allow for selection of host cells which contain the desired nucleic
25 aci d seliferpeispeciise marker, if desired, can provide for prototrophy to an
auxot r ophi ¢ hoghepe by %kﬁjrgotﬁcesx}eétro%n%lud%' Gor ekGRPIR! YAE&Gnih Oviatlyl ! 9y ics, or
heavy netals, such as copper, or the |ike. The sel ectabl e marker gene
sequence cefmoviusése rdevitiisesc pdepotapsakietdd t Grustse aBNA ganity of exgmeneedallt o be

expressed, b Nt ed N I o) sfeect.l 0 ferably,
expr essi onavgl?abH;elg lfgrsngﬁﬁzjrgsegahﬁﬁﬁelﬁgﬁg%gﬁ f %gdél Xn%"rgn %1%{ 2‘33 Iffiﬁ%géarr Fby .tﬁ%g In a
pr ef er r ed exptycaicereinthe arthe | ntroduced nucl ei ¢ acid nol ecul e is incorporated

into a plasmd gr viral vector. capabl e.of autononous replicati in the
reci pi ent host Oy S G HEIGS AL etplosp RRFEPLY 88 COmiars) Aebeetor 't s
pur pos#l Faeiatadsfonéxprespion,tthe DNA tonssek(gctanrbg intrquinrdd intol arapplopgate Hosdr vi r al

vector inclyde: the eas i th ich recipient cells 25 W) 03.039489

bor/ Usonl S84 95 ant Rk Vi St s (RO eti B P IRe I GE Tk ed f r om
t hose recidehrBaticng! pratoplasic fuslon, BREtraporatian,n phhiielev &b O techiidiezy Usaldum of

copies of the vector which are desired in rticular . host; and whether

Tti s desiAamBeeGRitE. dli miciitcrien. a dhe it oifedhe irditiay Ofg‘é‘ﬂ s of

di fferent wpoEiBSpied RISHRS 88 @k 381y@ive GnedREd, Gitfich §eldctsdor hergrewnargl e,
vaccinia virus, SV40, retroviruses, adenoviruses, adeno-associ.ated viruses

and a Vari€eipremizipngeidsal Fypresipai thbice Clopsda SRnG MR (eRRvHP i iBnthe - « -

expr essi onpry&ietion stthdiRdterBloBodsmdtbihar to those experienced in the arf. Once
the vector or nucleic acid molecul e containing the construct(s) has been

10 prepared forntEdyecds Ok, bainge "mpajatagsAstin ugells sshopldn by anderstpes g e@eint'o an
appropri atighRstd DRA donfduiRd ¥ B présetah b&kitiaAl afWriRRlels FERBSion las ey« .
transformation, transfection, viral infectioh, conjugation, protoplast

fusi on, elcsstinusporaew end prsdifarate] dhejusn the beduesd PN As eotydiuted out of the -

.phOSthd e?&ﬁ&"ﬁ?@f biRtdeAoved in{u(ﬁﬁ}ie fBLfds Y REIB Gl IsRA: R%ﬂgr, tith‘é'pﬁciaﬂégdurﬂcgtc@ﬁ the
i ntroduction of the
proliferation and 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 insulin. The

cells containing the transgene for insulin can then be introduced into the pancreas of a
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vector, recipient cells are grown in a selective nmedium which selects for
the gromh of 15 vector-containing cells. Expression of the cloned gene

nol ecul e(Wp Bo3UBL S in the production of the heterol ogouPCprusvesa373

| nt roduced DNA bei ng "maintai ned" cells should be understood as- the. a._,y
. +,,,. Introduced DNA continuing to be present in essentially all of the
cells in question as they *"~.~ continue to grow and proliferate. That is,
the i ntrodycaddMithah Sr Wofer Ghdntth@d QidinaBlel},NBe celtCooiBindld ¥ tahsgbheakel | S
over multiple rounds of cell division. Rather, it replicates during cell
prol i f er atinigetedindrapgritoneglly ognte sewp gtherrsuitphle pigen dengts¥- DNA r emai ns in al nost
every daughter cell. Introduced DNA may be maintained in cells in either
of two fashions. First, it may integrate directly into the cell's genone.
Thi s occurs at ) r aCeBular @hardctexizatiorcy. Second, it may exist as an

ext rachy onoso el neRi or o] n.epl t to be
di | ut e{}[ out dﬁyngcﬁagﬁ%rg?@ﬁ f§{; aﬁl orﬁs,ulltgl gséiﬁge%?ﬁ%}eé %%gkésr nggn%él’gcgl% be

i ncl uded iiderttifieationt of GotfacechnDlitfraaeithlar ipeptaind, |genayy avor witee madersdndicaive wher e
expression . of..the marker ge isr ired. Even in the.case.where the
Ther oduced AL it Ghe 8hhe o SR s e Gl Pni RN ene ey
be i ncl udeThebompthedsarah itcheieshud Areadot litaitedANA(a) Hstection v celhsupfiosmorins39 The
genetically altered cells, can be introduced int n_argani .a variety
oF " ret nod RGBT EE R EEHE UFBE Ph Sriegapes b RS rRe 4 o
Thus, 100 asefina@h9riuwetscenrbedindRbing ®e dsbof AoweRtontiric hbBodst @) daestntn encode

for the production of .insulin. The cells_containi ng, t he transgene for
i nsul i n caftrcRHamrroteifs bya trmenaliHergscem mphois ising piptein spesigic yg9ngepaogo

PCT/ US02/ 3f@éstiesdink8@ a8y RYERAIRY f106BREntBEMAluding theubabf N& ¥ytombgiccel | s
containing the transgene are injected intraperitoneally or into sone other
sui tabl e orgfbefisupdeteatianeof qell septs| by nefynesiase s8via TracieR. g S pybridization,

" char act erjnaat hherPhlof 481ys8S Ul t 1 AGmethdifyedigBich@di&Ocehs la vehhrRdiedgd the

identification of surface and intracellular proteins, génes, and/or other
mar ker & i ki atifienificasiont ofesurfapr aroingateHilerprntcins, genes. sed/enethercamkersto a
particul ar in&i@éft n@f‘ :th?' gufw%g@ Q:Hnﬁ{iﬁféntqoﬁtt .stra_lggls @elﬁe{ohg%r%%r 't&ﬁ{ih’zﬂem but
are not limted to, (a tection of cell surface proteins by

i mrunof | uotiferensiatednsistho dEhegs imethods, ovlittn arppdesiibed ahowo cihelndd, baheiebedi es

| i nked. usi I ' ' | ow
cytomet 1 o TSR JoPREAOEY N HIEE TR bP iR o 36 HEf o hol

i munof | uoryeseetor etitacisnunestaiging pixdgiose-dgracil sirematgelisciudface proteins susbdi es
X ”ked%(ffLa@%l@liﬁg%ﬁé‘sﬂﬁa{té{sef EBALEEBTHY intd @ vdiD G HURIME EFGuRE o PV

cyt one

1994 Blood 84:4164-4173) insulin, glucagon, somatostatin, pancreatic polypeptide, nestin,
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 HNF3p, 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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met hods; (c) detection of cell genes by polynerase chain reaction, in situ
hybri di zation, and/or northern blot analysis. Termnally differentiated
cel | s mywbe3obmsact eri zed 15 by the identification of suPCaasozss73
intracel lular proteins, genes, and/or other markers indicative of the

| i neage commtnent of the. stromal cells to a particular termnal: i:A
differentiated state. These nethods, which are described above, include,
but are nofepehiyWiiedry &cox(iﬁbg téeﬁeeti?s&ﬁ@@p@fpo@ Bkdmpia! cEIRCEN e it ed Y a

i mrunof | uorescent assays such as flow, cytometry or in situ inmunostaining
of adi posesreferiyveathing rhsmarafic er ifuging fib Pdthpeudiies medigne Kontainig the 1eallS ne
phosphat as hHeSQEded dAeth@ ddsired S HRMAARE LiSsut & aRlvigsact al .
1994 Bl ooﬁéf%éy’ t%%‘)g (iansueslgne ucagoh glomat ost atllnu pancreatic

pol ypept i d@puladst i Gells @BYE, tra@isfomed tfmeltﬂsdm vzvanamgedﬁvo"g@meﬂ knpty)to deasect i on of
| ntr aCPSI | mkﬁfed@ %%%hq‘gr Q}éﬁm ?W&LJSW&%&C%&I pg{ég‘cs%'&l@d @ﬁthftfleﬁ’gllgyt ometry
or in Sitd @ HMINOStai ng 81 &di pose 11 ssue-darived stromal S using
specific rmmocl onal antl bodi es; (c) detection of the 25 expression of

| i neage sel ect i uch as. HNE3(err). Br a| X-4,

Bet a2/ Neur oD, ES( s N@xé@ 2‘,“V?\‘?§‘r?“ F clg &G ndl%a é‘rbe;;y O?qﬁsc? sersguch as
pol ymer as ePagtivalafly) efsoﬁdbl@ Nassddiatad tvstithhyddbcMezdljtsﬁmntloramﬂ/tbaf potdnezs d¢ @f

anal ysis (.See G nhl e_ et | . 198 d 74: 303- 3

o1 3 0f (RGP gERTTS el Sl K i e it PobBRI BT one. of

t he prasenjomatovet.i on can be enpl oyed as therapeutic agents. Cenerally,
such nethods involve transferring the cells to the desired tissue or

depot. The cells are transferred to the desired tissue by any nethod
appropriate, Wy mfilin-Relatd /1839489 PCT/ US02/ 36373 generally will vary

according to the tissue type. For, exanp cells can be transferyed to a
graft by bat hi ige t“F’}éSfWFitceH? mabff'l?s‘i'sﬁ@ tc? fre%apﬁ ipsyiipgelaedy disPidRs S45R2AI ni ng

the cells. gjadlel Qheithd, %Méulaﬂ?eryﬁ’o@'l'ﬁla&@é% Mahﬁ@e@l RBDibbgesdsllif8dngi t €
within the tissue to estab aulatlon | s can betransferredto

sites I, \Mv@rlt:/s@wgt la@bfrt@se& ﬂm}Ypu ¥). t Hhediabistic gonditiogs that e gellgof £ or-
exanpl e, % fioh éhgéq%%peap@a}misé%npany%%mg§ iRARHRE b o 1itdRed a,el | $0ie
etc. The ce ahe invention find use i'n therapy for a vari et

di sor ders. genam; infestipmrtfapmadirebeaiopk (atbsrdhfieaf‘ceé@a\hﬁlteﬁreéﬁéé’é’l’fﬁl%@“ﬂ?g‘h@lnct* ion
of the pa”iﬁ&e%ﬁﬁl n QGRRAE 1 éJaHfs&r%B a&&clﬁééoaﬂ@drsé té?éﬁua%ﬂy-l&ﬁcédr e@Ee%QE Wi-1h

gl ucagon, insu pancr ypept| e or somat ost at 1 n.
| nsul i n- Repaacrezdltmammd@d glisease, or a trauma-associated dlsease 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;
jrritable 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 islet cells, insulin resistance, or abnormal glucose

production by the liver.
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The transformed cells may be used to treat any insulin-related disorder

such as diabetes nellitus, particularly Type | Di abetes Mellitus, Type Il
Di abet es WbloBiosa489 and 15 Maturity-Onset Di abetes of the Yowrupoi/dddD). The
di abetic conditions that the cells of the invention are used, to treat can
arise fromany, etiology including but not limted to, genetic, infection;
-trauma, or chemcal. Other diseases that are treated by the cells of the

3....,. inventiypn kb@htidsiaid-REIEN SisoaRRhy- associ at ed di sease,
chem cal | y-i nduced di sease, .. pancr g}géieti s-assocj at ed di sease, or

t rauma- associ at 8§ tensfemacd cellp cagibg tostregt @ny. disoxder Sy Wwhigh F%ﬂ‘l’sfa?i“f or

exanpl e, ofdnfiflisdtioRiHRIPRL AN MRS in9EtRA dofte@Blated I hAditfefelifat®] cARME
ot her infectious agent. ii) G ucagon-Rel ated sorders d ucagon produci ng

cel | s can that expess fideast pee ehagagtopistiy ofoF pansrepidhiial (lg. somstosiplinBiogecing)
patients asif#PLats hdabathehtoRs SralbMiAIRY SR Sirdh bombstAR ilenBRd:
irritabl e bowel syndrone or simlar conditions that require snoboth nuscle
rel axat i onthe ahyisiologiesdiprgcepps dit fegulates.i ave imfolver pollyesd ’:mcbg‘e glisetdgrsoof tha f at
cells tor agli i BES -vaddul tiGaPol ti.de- Rel at ed
Di sorders %@H%&% gA S{s@gﬁsétidla?ig%i\gsdncr gar %%1%8&9%’2%?‘?%%&@%’ a\é&% Pr?%l%grﬁét%d and
used for tHast theadifferattiategf sommadostatimguddusingeeedln deartusel: ahDetee snhite! vatiars,

obesi ty, Oﬁorl%n e ge(()n% 1E)r§si a%ﬂ t%‘oh%}c gtsysl i%lsmeing]mtlp'% tQ ¥1%ar isro?&)eqy ianf ly 3n orreati ¢
beta i sl et"Cerls I nt i T&ISPaRce ! "8 a%rior)rral gl ucose p?odlﬁt I on by

t he |ilGer . exa@®ley\Buto&ind 3@ 4BPackad /skiseRns G AbphicviactBeniatloding tdamceRebiathed

Di sorders Thet r ansf or ned ‘gﬁil I 3bcEn b]E yse to treat anﬁ di Es}(pgder or which
somat ost at THRELEH- St S Ang fing oo rpel e n-spiad cell sRKeTmsHisk 8R! at es
that the dasf hqyafbﬂtais,ah@ebm@tdn&s, tblah aﬁ&ppaﬁgl‘éatai adi@lasdrci?xfiﬂasc t‘tﬁétabtﬁ?e),sti ﬁ of
a pancreatic delta (i.e. sqmatostatin-producing) 5 cel.l are use r the

t r eat nent %{Wagrﬁ?aé‘i?’éﬁ(ﬁ‘f’i B ‘B??a“d’f”é‘&r E%P%e Redipentoyomgtostetinprodusing g«ﬁb,o?or t he
physi ol ogi gl preselC RS &RBn | dre NBGUI@LRSEL cacer dndAl V&dsenditigs @anddcC keldefdi sor der s
of the, _endocrine, gastrointestinal, CNS, PNS, vascular and inmune systens
as wel 15 ascomfyinagpn treafRends waing iherregimensingluing oAt s SR hOAIEIRIEFTARY - cel-1 s
are used: 1) t@th&histi bf HREd BYIE alPMEREE s&%‘ﬁé’sﬁh%@%ai@@ﬂd&cﬁﬁ@Béc@etifoﬁé}t:&:ﬁ:iS I'n
manmal s; 2) to treat disorders_invol vi nlg[, or 10 exanpl e, autocrine or

par acri ne Si6kaet pee. ghicagogpmiokactincindr GHi Mbichdn iy eanciFderouppiess theisast |

brain, progtRiith ofREridW PofhROERtRMBLn GEIEFANA TRORRAITBE th< GlvbniRRI &l6T.NDI dS)
as well as hepatonmas, neurobl astomas, col on and pancreatic adenocarci nonas
(duct al t ygseqrdingly indicated for use in the treatment of disorders with an etiology comprising or

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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chondr osar conmas, and nel anomas. | n one enbodi nent, somatostatin-producing
cells of the present invention are used to treat cancer directly or
sensiti zewoanoenscel | s for 15 conbination treatnents usi n@Cotuser/3a3eyi nens
i ncluding radi ation therapy or chenotherapy. Oher uses. of these cells
al so include suppressing, certain endocrine secretions, such as, insulin,
gl ucagon, prolactin, and GH, which., in. turn can further suppress the

secretion of vame @Uﬁatwtamtprsd&ca@t&n§ oﬁﬂﬁhn@‘ﬁnd)rﬁt?anlalsoﬁkeeusé@ d sahiit thoe
i nvention are accordi n‘g y indicat eﬂ% use jn the treatnent of djsorders
f

with an etArelifggiion ghpiscdpnendgtheba) cg 89 at Rfictefrase irtreating $plbphi ¢
factor seGjegel maeas&m%cm ﬂe&t@ﬁbsfs(br JHRARLL S 1RSBIowiRs VadclRP msuIBsuea @ ul i n
the treatment of disorders such as acronegaly. This activity is_also,
useful in ama@plaﬁtéaall@emX%@Uma@éﬁ%@pﬁfh@&tgﬁ@ﬁ)v@wl giheresderogin and Hothels,

VI Poma gﬁ’ag,ﬁ Th cells of
this |§ver¥taiﬂ§%£d§é}e a ?ggr ef u%g?%(ragﬁ?égi Pﬁlg%‘@ S%az‘kgﬂgg{i?g%ﬁ%lggrel at ed
pat hol ogi d¥eckbrskerdiehgplangiaogpdantagion 2 Bragecdingshdftmeddn 25922000pat hyfhe

nephr opat Jefi

504-509). @?ﬂrr?ago% lﬁgﬁwgﬁgc?h%ﬁ& somafgmo%th a S|0nrge?)1$)o 52‘}1‘%{ ce (1%91969? ﬁ ﬁ

subj ect i nweimdicated doreuse lirswdurtddleah@andvmuw anctagtaticostaerenden ddclidinggpub| eedi ng
di sorders OE 1mh: gﬂa}strg " &ate %/ncer such as those involving the

spl anchni c } (1')8(1 opﬂ varices associated with 30 di seases
such a9 cirrhodihs. soﬂibt@sta‘.hi-}brb(ﬂqcmgf ceﬁls rodtthes katijecn nD)fenii(m candalsd be used for
vasoconstr.i ci): on al so g eéﬁormt ostati n- uci ng ﬁel l.s us?f ul in
the treat fBHPRE SIS taé? eﬁ%"é’é‘ﬁc% 8N RN ec’f OB 0 5HED ©

PCT/ US02/ 36863 peptﬂéﬁ&f&lﬁlf@smhﬁ&tlﬂa} paad (Thus) Ghe SInasosaitindphaiutiny @ells 48 can

al so be used to inhibit ife atlon of vascul ar endathe]ial cells and
so are i n&sﬁ%i{ Bfraatipg gasto- f“PiesP?"g 5o fO EXamR]e I E? traqt@s%tsogger&mﬁ

r est enosi A AdGesd alceRCEHSIVe mhcﬁmisl Me&ﬁn&@:ﬁﬁlﬂ (&g, i rpsstLER(&LlMeﬁcs),

angi opI asty, allo- or xenotransplant vascul opathies, graft vessel

at her oSc| &ntssqeutaneayy angh piceeascqcigReqys Aisila idistrbances pf lalﬁtﬂct& ftestingbar ¢ -
l'iver, | Un:ﬂbstn!fdtlgﬂedhr&ﬁc ﬁ%ﬁfc%ﬁﬂrlﬁstﬁcﬁflﬁ&lr @9%)%851"( \Q@l@@@ﬁﬂﬁeﬁm&%leaﬁowel T

Tr anspl antation Proceedi ngs 1997, 29, 2599
sonat ost atSypdipmedgehng disease. sdvafplrtgw%ynrim@nvfua@w @arﬁheawgwira@e wrad dliardes nhi b

angi ogenesis& i s@he distidisC & edpis0br UhBletd (Wé%@)o‘ﬁ%@' btngl 2nGvidoatih N9
metastatic stage cancer including but not limted to lung, breast and

prostate dindeernplogydenbelivnh@lost &6r230pr oduci ng cel I's of the subject
I nventjgon can g} $0R&ndsfbbdifEnt, th tgfyoﬁiaidsﬂa égﬁ)%ﬁén?gfcéﬂddlm&f h&tEinae

endocri ne pancr eatl c secretion an ere
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 neurological

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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various peptides of the gastrointestinal tract. Thus, the

somat ostatin-producing cells are wuseful in treating gastro-intestinal

di sor der swofoat3®msanpl e in the treatment of peptic ul cers, PCHEAbIBG3IMEUCced
ulcers, ulcerative cholitis, acute pancreatitis (e.g., in post-ERCP
patients), 15 enterocutaneous and pancreati cocutaneous fi stul a,

di sturbances of G notility, intestinal obstruction, chronic :atrophic
gastritis, Rk hash, AYaRans wtﬁ%cﬁfrngﬁ&%on-hké pépﬁbéxe c?ﬂ@%hd aFIABIE OMTE,
Crohn' s di sease durrpl ng syndrone, water i arrhea syndrone, and diarrhea
associ at eoﬁaﬁmﬁr%@@ﬁ%@“%%‘d%&s@sxfw ‘Hﬁ'@lnéloﬁ lepdgke O Dorisio et al., Advances
in Endocrinol ogy Metabolism 1990, 1: 175-230). 20 In a specific

enbodi ment, the somatostatin-producing cells disclosed herein are also
funct i onal e Eissup Enrineering n | s required as a neuronodul ator in the
centrals nervou t
neurodegenerat ?r\;lee%éﬁsts(g%lsréb\sé’h%%g %ébble 3 We&%h% +£De%ml?%rﬁ(55| zhe| mer's
di sease armodtdsenethasfer mbdusﬁngtanhmaémamoaiprlhmglmdrntalning d‘redevmtlfeswﬂh as

anxi ety, de. rrecso%!ii%ofls su%ic %?Por ?é\?&i ngﬁqferenu?tyt]etﬁle H%lijreg (c)lgér
di seases such asdpaih v i ean our naI of
Neur osci ennatter ﬂ:ﬁﬁﬁclude:l, for&iﬁﬂpl&ﬁ@&)non'ﬁﬁ@r s wisdlapanareps. oﬁlumcmghe:ml]bs can

al so be used in orrbinatl ther. th eutic a For exanple, in
The case. SFSTPBAATG BF s omopn i bk R SR EuR BF B5slt elepfif apent | ¢
agent s10 nGh¢ldéing Yol s Aiited talﬂd)sd?l%cﬁﬂﬁoglﬁoales&rﬂﬁatmlﬂg: followihg: ESapgemres 30 of
ot her agents incl t i f and a nterferon. For_djabete exanpl es
of ot her qﬁ%ﬂf@%ﬂ%&gi?@ﬁg@ﬁgt?’o% ﬂPB‘f fdﬁsﬂ"e clﬁ“‘@‘iiamcdeydigpb(?&tnﬁ\;%,

sul f onyl urgesy,suhivazmtii aiam@dj QNBfer® N 13)EI9,4305 Whidnti @ 8} U8 EPdentt Nd. udi ng,
but not limted to, whi_ch function. as agonj sts_on per oxi some

prol i f er atbf418pi Vé‘iaéf&nge%g@tﬁlﬁrmgérﬁ%@@?lyﬁﬁaml ej@l. Seg?t@ﬁé\lf’Bé’gO‘l 178,

PCT/ US02/ 3¢34ski egamﬁ)s P'a!éﬁtUNb ns 770)59Y | Gadahlier ALOWMY Falet No. 5,770,193,
gl ucagon-1i ke pepti ‘de (gl p- ‘and available sat] etéqtprormts%ﬂgs%gents

such ak de%acantt pialal Srné’atspt Iﬂ@éﬂoﬂ 854, Griffith-Sippeet mhgl e Baten s Il's

descri bed Q@f&k91.CaR. PRef TR 9%@61@%&3%%%%]%95“&%&% 5,00e3nvenhiion. . ...
provi des net hods ‘for produci ng ani mal matter TTRIpI si ng nai ntai ni ng the

i nventi ve atel1§.S. Baterd Noe 687,749 Nacantifef @lelléﬁtl’qt h@lﬁ%@%ﬁ*ﬁéﬂ@e@ﬂd
different '@EePﬁthttI@@ 5dﬁ%'6r5€dK b4, J@ePat&ﬁtI\tIc?rS 19@'61? rgsiéjékg@rgeﬁ Qtralexarrpl e a

portion of, even a whol € pancreas. As such, the ce cribed herein
are used |I&+ScBnibnth0| DA B Vagaptik HoSwrPatest Nt éﬂé%@ﬁl tTubg et abngidibéi ng, 10

|Un(él ug()?g B Rgt s i43[g0t1’e§{ﬁﬁlgertep8§e t echnol ogi es described in the foll ow ng:
a

To produce such a structure, the inventive cells and populations are maintained
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 example, 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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Nos. 5,902,741 and 5, 863,531 to Advanced Ti ssue Sciences, Inc.; U S. Patent
No, 6,139,574, Vacanti et al.; U S. Patent No. 5,759,830, Vacanti et al.;
U. S. Pat ewD 0Bl03948%, 741, 685, Vacanti,; U S. Patent No. 5, 72€T8R82/36daxanti et
al.; US. Patent No. 5,804,178, Vacanti et al.; U S. Patent No. 5,770,
417, Vacanti et al.; U S. Patent No. 5,770,193, 15 Vacanti et al.; U S.
Patent No. 5,709,854, Giffith-Cm et al.; U S. Patent No. 5,516, 532,

At al a et t nt No.
5 041, 138%93%611’&5 5% rﬁ&f‘ °N9"°n% %ﬁ’%’aﬁ}%h@%%h ﬂ%tﬁgé v o\f/ggé”h&ﬁ 1@?’5@ - U S

Pat ent No ané ahQg 300 ]Ztm \[éuyhmsiru@ure @rowdes g,lfgmemaqrga;mn Nblch theggls eBEIoKenp et
al . .

5, 944, 754 aﬁ@é’?@#ﬁ% Eb§;°l§%£? ent 1% a%é @é%%%g%&le ?AVB” tlmtleJ §‘f tﬁt“eg't‘lbl.\ﬂ%

Pat ent No.abfyrietBinEOthe aBinpdlimagter aseit da*&elQpSTcSupIabid pobynmsuctrnsbesformest fiore, t he
inventiye cells and popul ar.e r itable
for t hesm t"8° n@gxﬁgns Cl&ﬁfiglé'l @fcaaecuf 6a° F“%ﬁ%ﬁ,&?‘gﬂéﬁa{éﬁa mlaC?OHQ gndqg%g%%pl i shed
by transf edthérngolymeriv tmatedial acanniatludey pi paitdity, polysacehiagitic, pxﬂyhydroxy ik new
matter is desired, Th e, i nve n can facilitate .the regenerati on of a
ey bas iCBRItoSs Ryt RGeS Ror & Sapbedt e AT RTE M B
tissues. Iblodegiaiibl®tpd@imeeTop dhyrRDMmbinatidie teeddfs an®, ithe datat tdn dictu‘der entiate
and expan;L into tissue i ¥i tro. @a such, the cel s are cul tured

subst r at eS'OIAYReSE ek p§ E’&F"@l 2510FR YIRS GTPhEEENs Lo & TG 2ridiptck dFgie ur es
conducjyve dkRicelllBs HRtdemaleANERAL. . fibfohestin, flahingX 20RARn etd)@r ot Inateritie
cultured or seeded on to a hio-conpatible latti ce, such as one that

i ncl udes d02cRNAawEuseyofier palktypeg cleptseleriid. synt hetic pol ymers, cyt oki nes,

growt h fact ors roehfn tRUEIMdsitoflthe €QIsCAE 1r9§)dﬁ&|ddiﬁﬁiy tho ety atdt akapes for
facilitating the devel opment of tissue types Thus, the invention provides

a conposi metmea&)mm ingerpfifial RRacescthpring nitpr sIPISt TheriBateR gatn be peskesy bR | y

conpat i bl i al, -31
0 031 030485 RS TRy SR s Re USRI By %?%%S’%@?SWE?&%E ‘&gmﬁ*p. cal ly

with sPac el%sefowbtyhehmdrdgfrl f@fnedém@éhhrﬂmg ofrh suspritsigh ineludsga yrcnd g
structure | £ 11 ci h: .t W

prolifer ata?o%virfgf%h%ﬁ%?é@hgszlésfgli?%éééﬁst lgldlggl%g%{ae‘ﬂéss gf\%glrlad ?{fne %@gt hat i't
will be glesuitdbibd celistto behispanséchthfougheut Ghe laitice, tfaailitetisicopere cBui neabbaémpol YREFS

can be 1 OrgFafl LLATNANTRIGHE' Brieh 88 Bhaald Sl ind AELbue Gl or BT OPY

fumarate, capro actone nmeric materi al can incl ude
a pr ot ei n,depicdidyplmactiype iod erecpodry hl;edﬂ'otﬁ,xparmmauuy toppﬂtgnbllatel"ltbefmcbpt}on of the

oL i O BASTANCETS e R U Pl B BERY Y 2,
i nclude glucagon w1th1n the lattice.

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 acelluar 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 and 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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hor nrones, such as grow h factors, cytokines, norphogens (e.g. retinoic acid
etc), desired 10 extracellular matrix materials (e.g. fibronectin, |amnin,
col | agen woD®p/08m480t her materials (e.g. DNA, viruses, othe@cTasht/3d3gpes etc)
as desired. To formthe conposition, the cells are introduced into the

| attice such that they perneate into interstitial spaces therein. For
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hor nones  sidfpltanggioh N Dubation OF sudglpaﬁﬁg@nwmlé bigand i@.&c&o&ﬁﬁlish‘@l wfﬂhths eeliskafl | ed in
the art wll rematet at lattices suitable for ingl in. t he
conposi tio cPé% HNYRIIPY © taJmFSrW ampuiglorppusyingnnet, Aligragy y’ ‘ﬁ& o and can

of course whdl€bias Geror@kl fddm SEIIdFelke inOéntidHithaNete biRbhihtdRSan aﬁﬂ@énbi%r
suitable lattice can be derjved 25 fromthe acel | uar portion of a i pose

tissue forM@dghpltds copfssydated thatany method kaawn tn theseskiliein the g ds ussful 41 y

devoi d1®f &@ldesringl Mueatdny tRe!ellisast O SBveRBs. v athr |Rhhple e TSI )i Higot ei ns
such as proteoglycans, glycoproteins, hyal uronin f1bronectins col | agens

and the |i%&l6.6fl| toNaughipe tet sabr (Advanced, Jafsie miciengess tdisaloss mefhodsefor Zyr owt h.
Addi ti onal &1%en§%mcequuﬂ9§%y§i&ﬁé ﬁ’)?ﬁile cﬁlﬁﬁé b%c&@tﬂ: liRGHsHRe TREE TRARGues
cytokine, growth factors and 't ke. Those skilled in. the 30 art would
be aware ofhvehse Kol seefling anglonmlanﬁgg §ﬁ(§h115aﬁnt8d4 pedrex fe forpe grgpmitissueeanduch as

that disc / ,

| ncor por at G- shmiple g Eeadiioh i SRUUEE Mo Eloi Gl TR M asonss | ey
anot het5 enBednaten s tharaphezqdrhyeimemﬂi ofdamersciandtiondlieguivalenife theqapradiyt ed
using sol i - eration
andt gr ont 1o R 2 I U TR B, ityhe LU ha bhiE W PRRIT S50
t o Vacant i wigh emlotlwiiaﬂ @ll$. oT\het hatrix asrfaaher@nupdéd qodﬂcquallesscls ththbledtmtsgaﬂm for:.
|rrplantat|on [ n_nee her rti hes ‘

t echni quest he 1m§>1|a1ntat1c% fI[OH’Ié Cragcgiar or %8?’[116 ngtw%{kp%fougﬁgut E%ﬁei mEl gngl;hgas o

i npl ant at i fge- foald‘abmaanomtechmqmbspaﬁet tcahn;otechﬁrqﬂeekrmvglamsthe sutatha:tohm]lds shed with
:[A\Ihte e?ﬁg(é Isvtg{niplexsg élﬁneieslgll%{rf%l (ibgle\éf Qste{ ge?leg g Id?rrelglsfogalalgye?sq t Hmé) Bonsds @R -

adapted for use with a variety of polymeric, inorganic and composite materials to create

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 invention pertains to an implantable structure
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whol e organs are created fromcells of the invention that were obtained in
an allogeneic manner. It is contenplated that any nmethod known to those
skilled iwotobo3®se is useful for 10 engineering tissue fr@crtuse2/sshd s of

t he invention. For exanple, US 6,022,743 and 5,516,681 to Naughton et al
(Advanced Ti ssue Sciences) disclose nethods for 3- dinensional cell culture
systens for the culture of pancreatic-like tissue. These techni ques

i nvol ve thﬁc&?&%@a@%nermé@&w Rerfile fatukds. QRE Qutt Haaxrelomk%ﬁlgﬁmlm gan

ti ssue and ructural conmponents that can additionally provide controlled
rel ease of vasy aeserdingsodbpwedlesined. fhe implantican sanprisemaire tisspeer @9 inelydst wor k of
| umens fun t A re of
the ti ssueﬁ% For meéﬂs%‘e%g ee\lilgtkr%p al;ll%ugg& gﬁg’ht’%ﬁ%&?g%ﬁ gtg%ep\réﬁlﬁ|§ﬁnjdeng&fuvw th
endot hel i athe geventive ¢¢ib tiyait are xunidergding ph@anq.r:wmcbﬁemmlabbmo@tlv@@lyeﬂegdedr ot her
ducts at t r. t wor k
through%utaﬁlﬂe ¥ équﬁtlaﬁg%gga $dl&8n5$%bﬁug%¥?§ﬁﬁ%ﬂl Rle(ﬁ%gg} ’?Iieg?ef%gt 0 any

t echni que Winhiwra hqrst ttcinenarutra@hhe ghnerdtids on r@g@neratipl ek nBrwie pevsdabn dissuebj ect as
a series of thzg} S|tonal | ayers. The nethods can be adapted for use with
a variety oF"p eﬁ?g?'} i norgani ¢ and conposite materials to create
structures wt mﬂeaz‘dipl@eaid@ﬁm@dmﬁdei io amveméntlgrr@tm@eamd paie 10§ i teelb sultufdkis ,
utiIizing uch t hods recis. nne res can be. cre dW|th|n
Phe. mat 1 xAGNIBAIT B TEuEa e LRr e yRRcie TRaBe oS S M SR ien: n t he
mat ri x 10f  gidenelor MXkEotte dompbi@es suth ablﬁydrﬁlgigéhgdﬁtfs i@ dvdternptiykiologichily-such a
way, differenti ted cells of the pres i nventjon, corresponding to the
various typeypate epsé‘HE? Sglutions Ipéep(‘i%d e @%ltlu‘ée B@Q?eﬁmﬁ’g Oétcom@a%tton@eqﬁot ypi ¢

or phenot Y&Hrﬁaﬁ\}é@ﬂﬁ%?r b&it éLﬁ'tufbf suBstdaRE (. %e@fsh@ﬁ V\ﬁfé&s vheics), @ariurdmedal t a
cell) can be combined to forma partja ol e or Such ceIIs are

conbi ned | Gvheler Halidthid,oF Bowdsresk fog). antipiaticnl hePmenasyos ke ieedV it the kit
endot hel i a&anq&dlm ah?%xf‘dh%ﬁﬁ&ﬁ@rﬁs thHT&%@%ldd@@alpﬁklfe&en@gec%ﬁﬁfto shppegt ur es

can al so be forned use as cts | e and ot her exocrine or
excret &y haeulropndgrawithef the degr tﬁilé uped} pr@per;f@mmrafl% nkhe qegirad; kiteaanan
conposi ti ofg, pluid&is {h‘éﬁélfe's&'ae@fn?o HSRfick Bs dds&4. €ngi neering and oL
regeneration. Thus, the invention pertains to an inplantable structure -33
VO 03/ 039489 PEhewsserticangon: lim’wrlﬁvrdawubgd mate oty bhie dolloiingsxamplayent i ve-
features. fie &t Al Uoheok. bOSmbIRLAR mithy difreltf YorRE AT ol AR skhe use
desired. The inplant cdn conpiise mature sue or can inc e Immture
ti ssue or tdmetriedtasilipdted Thilse ¢Inb0de1ﬂ@1tsmeefordarherml rather, dlzase ewbgsliments are

popul atyj on e 0 I

di fferté?\tl rt8 ?lg%&&thlflﬂﬁgrq CYO%UI%QJghé Eg%ulgﬁ afid H&ﬂglte%i %dgg‘g aﬁ}g{:})l t%ﬁ e size
and di menswopﬂo&ﬂ:iﬂv%onmﬁhasﬁskllbdlmhem ed or engrafted

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. 81, 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

34-



wi thin a host to encourage the generation or regeneration of mature
pancreatic tissue wthin the patient. The adi pose-derived lattice is
conveni erwby3@sgaBoyed as part of a cell culture kit. Accecdiusgt/$6373 he
invention provides a kit including the inventive adi pose-derived |attice
10 and one or nore other conponents, such as hydrating agents (e.g. water,
physi ol ogi cal | y conpatible saline solutions, prepared cell culture nedia,

serum or CcoRha ab@&e&ney,aafré ye dtai!%ra%ﬁmy oSt ﬁi\;\i}% out SBRH0ER e

(e.g. dishes, ates s ét cell culture Iquid or
powder ed fqﬂhﬁm»antlblotlcs hor mones and the |ike. V%lle the kit can

i ncl ude any su g r.ef i I I

necessary to sﬁl?;”‘ﬁ‘% {h% é"‘t?ﬁq% FOdUrgl{dg% 4 rr%ev(\%aﬂ% %ﬁ% Sm @%%gﬁléﬁupon
proper coniwaiaile mdlo-iﬁhnurd:assiaysed dnzyma:hmced a;hsmnmmrﬂeud@saye Ifd)rsthd: bmlbcrziiree seeded
into the lattice as descri sent en n._Now W cri bed
mor e fu?l y PR P %‘PP%M‘%‘@ Q@ﬁwag Qqgory ﬁl‘ﬁff‘é"tﬁsﬁ?‘é"ﬁ%ﬁ’% ﬁ"'ﬂ%{‘fﬁ“{% er, "be
enbodi ed |mnmatycpbliﬂepﬁﬁﬂ’eﬁlﬁml&mb@ﬂm;;houl d not be construed as limted to
t he enmbodi nent s_ set for h.herei.n; rather nts are 20 provi ded
So that this i BHSER ST RPIORS PES I SOkt ARt on o Vo y
convey t heend&&ﬂ‘[é?dhf:rehdﬁ ell NRBEI HB atsBssbd0F @nslkiit behRNA tHYeERBPCR UsAVPLES

25 Exanple 1 | tro Inductive Methods Adlyose-derived sten]cells are

i sol ated f $RSAfiF PHBISTPT B ellowing (utmet limitedte) snes AVHBa sl-Sddraiard. Bpx-6. 2001,

J. Cel ljoBi pehe Betdheuddi3, PRI NH’@?‘N&%' Ngﬁ'@em‘éﬂm G Hd. "Thepibdehllc® 1N the

presence of (But not l1mted fo) he f ol iomﬁng medr a: hburobasal(err) 30
(I nVi t r ogeff thesgpparisere and thewi asspcationyith eadocting pancieey Pells hee peampteBSSly N2, B27

(I'nVi trogep) fst%lh B%L% e't%ﬁo%é(?tNEt Uiy dd‘ i(zgf%f@f SQW?@: I“Qdéd' A LA of

gl ucose | eve ia’is perforne 5 are séeded at’various
densities En@l(fpmbnatlﬂ M38B+3a#2; Iisfnandasrep al., 3897V\®r1@3¢r@391$8913@017505022,36373

3-6 days. %&s {195266’1' Dia e@?éu,ra{ﬁ 5%?9&%%@%1 e?ald%éb Péoc‘?kaﬁ‘ d&{éh gy00 to

about 500, cnCerr ure con Ioned nedi a
i s anallyzed. GsAn@V d@ﬁ%ﬁbll)alﬂrynunahastoctmmmal (Iéﬁ])canallysmmﬁtsakays pyrformed

enzyme- | i nked i osorbe t.he e crine n ¢. hor nones
Theul T (i oS SRER: (RERE ferd] e B 58 oc?@ 0 PRk
pancreat i cmpiesgpept i de (Peni nsul a Labs 1 nc). :

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
1.

30

-35-



Expressi on of phenotypic markers associated with the differentiation of
various endocrine pancreas cell |ineages are assessed by anal ysis of nmRNA
by RT- PCRvOgBMngp48speci fic priners for the follow ng (but mot/usomsdsesl t o)
genes: HNF3(err), Isl-1, Brain-4, Pax-6, 10 Pax-4, Beta2/ NeuroD, PDX-1,
Nkx6.2, Nkx2.2, Ngn-3, insulin, and GQut2. The presence of these markers
and their association with endocrine pancreas cells has been previously
described (Ramiya et al., 2000, Nat J@q 36, 278-282; Schw tzgebel et al.,
2000, Devel opnent 127, 3533-3542; IE—X andes et al., 1997, Endocri nol ogy
138, 1750-1762; Zul ewski et al In VinoDupsplingdienes 50, 521-533; Gradwohl et

al., 2000, Pro cad. Sci S . 7

| mmunohi st oc heﬁ;hgaﬁe lf Pﬂ% RIS 9§I?V§&t\%|n ﬁre ?P %lghtg% 11E)Jevr ?’ ofr‘og’re%rlpﬁlétfcnuse 1ntl bodi es
agai nst (baﬂimail@hnd innthé eehtiment cﬁ'lhylmali disérdera ossuking dioar mblfuhcphleubd‘mlpcrme

mar ker s le.2 20 ne,The Met hads Thi s, nmet.hod incl udes the
|nsert|%n @H SRS s TS agfryg%é%gaéﬁgs.tl%}agmlggg{lﬁn{ ?qd%s??{etﬂeﬁeﬁaﬁgﬁ%ﬁ of an
adul t st emnelgdd thé said- ﬁ@i’eﬂcﬂﬁnt ﬂdirﬁolieﬁ&(ﬁab%tlcaﬁd)D)émbﬁ@ssﬂdﬂglcabr lagasideete
genotypic or phenoty$| c char Qt eristic of ancreas cell. These 1genes may

i ncl ude bufiabsfie thigpelr desirpgtiog g dSIFtFné?y L5AmEBS WE susRiozotosi, (L ugelsip gt 2

transcri ptign, $asicons2, hER4304; 56Ha &al. BE(RI "Débetdfogiian; H07-Pe8.- WOD mice
Bet a2/ Neur oD, PDX-1, NKX6. 2, Nkx2. 2 and N?n 3. Potenti al rret hods for

i nt roduci nitpvabenetsed £or implantatign of sancesplics isfeandlets ppdugeds B PapsTRticed ¢ o,

el ect r gpor @lclaPlem &k GRoHA BNAS PO, qalageea%gw i 2407- acse MAMklsRY eO4l., 2001,
| i pi d- nedi at ed dellver¥ as describ above. Cells are analyzed

for differgrnca??di38%130ds Stepalbet al20A bk A?lfferaww@ eeHei of the pesgppinwentipn 30 - 35
VO 03/0394g3 &%éwqasﬁé?g%not@ﬁ@gp}lﬂ%n&yﬂl@ cMr%(chrIEﬁ@B?Qbﬁﬁ}e%E b&ard igacel | s of

the present ntion are i anted In vivo for therapeutic use in animals
and in t hefor implentetien fto M@m iagigiat evtich agunally rrgua’c rh@nmmtamﬁ@m &tlyof

endoct ine i RuRafy REERS ol SRHAS. PRUGRASo TP Shichall £ R t iffckladd 4 Qfgikgdent

nodel s for |cat| ons the 1 nsu Nt non-obese
di abet % (pm)lummswhlclamdsmlbehannelrlatcmateéndéhedubcap%llaetrbgiom lof @ugjéiney

Sestruct ! Ol 3he 7Pyl TSP BLEAGSSEGhTAIE B sl <
407-415) . QD8+ 82E A starting range:-of 10°-10° endocrine pancreas cells derived from human
adult stem cells are implanted using a small catheter and the opening to the channel
cauterized. An alternative procedure can be examined in which a subcutaneous site on the
20  shoulder are prepared and the cells implanted (Ramiya et al., 2000, Nat. Med. 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.

30
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have been used for inplantation of pancreatic islets and islets produced
frompancreatic 10 ductal stemcells (Soria et al., 2001, D abetol ogia 44,
407- 415; wormlosdyo et al ., 2001, Science 292, 1389-1394; Scedgsbi/3@vs al .,
2001). Differentiated cells of the present invention that express at |east
one genotypi c or phenotypic characteristic of a pancreas cell are used for
inplantation into the NOD ani mal, which normally nust be maintained on
daily insulin injections for surviy mplg’ﬁeparation of the animals for

i npl ant includes a surgical 15 procedure in which a small channel is
created in the subcapsul ar regi on Bfcapsukitibtney capsul e using a 27-gauge

needl e as previouysl. escribed (Ram et ea 2000, t. 2

278-282). A sté%ﬁfﬁépggﬁéé? %?mﬁﬁgg%%% gﬁd%%#?ﬁ%“%ﬁ%%%%ash%e %@bﬁgpived

f r om humanconfbetthis, sithodcieive dear designgal aingedcapsilainganatieds|that alldve passagand t he
openi ng_to t he channel auteri zed. .alternative procedure.can.b

o nali 9 SPERRAOnE o e sucereriel giu. Bbl e a s sV PR EPRH R ed and

t Pe ﬁel I's éﬂ&lﬁ;{ ﬂlﬂhﬁ&dz(tﬂa{l i Sﬁe Rimigh et alZWMedNBQZS:@SZ.Zg&hZﬁ&MS cahg bot h

of these inplant nodel s, sham operate m c ot . under goi ng
any pr oc.ed’ﬂFlé‘?es@F\}’é(a’élgont‘fb?ﬁl '8?558 g@i%?staéyng_ 7%%‘56‘1;@?’?‘!;%?8?*%?{6‘@ e

surgi cal prRGREWpBroatk)e %‘hﬂ% Bngd 6f WPae dnli6@ik tpARcréai defls | defvddi Rom
injections. As an index for functional _insulin-producing cells, animals

are noni t okusenf gl BigEd cefisuatss encepsplated ifo \Jhg jeslis Theagurlantsplgesdn i an
AccuChek - ELnaliieOne sit Bhin®lis (RAgdaCHom BhduBif AASaAE 260 s MditRBed BB R and

ot her endocrine pancreas hornones are perforned. "I n addition,

i munohi st Bkl tal anal ysis of the inplant sites are performed using
human specific antibodi es against insulin and other proteins potentially
produced fromthe inplant. 30 -36 WD 03/039489 PCT/ US02/ 36373 Exanple 4
Encapsul ation Cells inplanted as descri bed above can be i mmuno-rejected.
In an effort to conbat this, netho ‘Elggg been desi gned using

! : g
encapsul ating matrices that allow pas% e 5 of secreted hornones fromthe

encapslf at ed tissue, but servedbsgeripfongiaitu®nbarri er agai nst a host
i MUNE. ?‘t t.aCk' (§1eeeex|§anieygf,§rg ar?‘ilm' | ggoor examin d lloge Z:Str % lant arriers
can “i'hclude the hya‘ml rFoni & A¢1'd- B‘ése gg?& BdEat ygeﬂ%er r% %8 %B% den,
Uppsal-a; -SheeadescribedSteghhiesala2p0 h dtdnsplantaticar A7, A% HdGE  GWo $i@asl@6aiendocr i ne
pancr ceS-CEll i /S BT T AOALL L LRI e STRRRIRNELAC, 2,
i nsul i n angbnarainy ze dechderde s£ endoethegfanateasi aells 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 71, 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.
30
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Exanpl e 3. Exanple 5 15 All ogeneic Transpl antati on One exanple of. an

ani mal nodel for exam ning al ogeneic transplantation has been descri bed
(Stegal | w0 o0al039482001, Transplantation 71, 1549-1555). - TweCStusa/ss73 St r ai n
A and Strain B; e.g. CBA .(H 2k) and BALB/c (H2-d) of mice are used as
adult stemcell donors and as recipients of endocrine pancreas cells
derived fromadult stemcells. The 20 donor endocrine pancreas cells are
produced from Strain A or Strain B ﬁgﬁéﬁ gtemcells isolated froma donor
popul ati on of nurine gonadal adi pocyte tn an anal ogous manner as

descri bed above for human adi possultieDeteatidn dssemn cel | s. ReC|p|ents for Strain
A or Strain B are dered. di abetic b (Lre tnent tozot pcin
(Stegall et al I ?ﬁ[ﬂe ce%lrcgg{grgp 3ﬁ{h§ﬁ% Yo lfgéfgoﬁu‘\é\dg “i‘ﬁs‘ %egeﬁgé are
est abl i sheg féllkﬁhs tm@dﬂydeﬂmrg&cbm aspinemp o2 theaboai mmplw&reawshedlbhrdesm@enei c,
Strain to, Strai and Strajn rain, B; 2 ..o e Strain Ato
Strain B Rt sREeR: g coRfeRing i | % N MR |ar/f<51§?°?r5 ted s Bt

St r ept 0z ot defiiniLfrbGhegiach B 2Dk Thowd Subiaqianagtohiitib/dinedid s @olited, dneCi pi ent
for donor cells fromStrain A or Strain B, Animals receivi rapspl ants

are moni t oledinalevels 358 ragireds usipg acmicparticle enzyms| immyunoagsay. 44X 3/ 039489

PCT/ US02/ 38343 InéeXia B R46BLDEH; I AbbRe Lesddtéties P hatdetdots ibanGhsulih &ith @b
cultures of the current |nvent|on tM&)roductlon of insulin is detected as

fol | ows. B‘PTPSéfrP%?thlé)é‘IOI%m@G{UJ}MT%PeP cany of the above exanpl es are washed
three j¢mes S5 with serumfree nediumcontaining 5 to 25 mmol /1 glucose and
incubated in 3 M of serumfree nmediumfor at |east 2 hours. Subsequently,
conditioned nedia is collected, and insulin |levels are neasured using a

m croparticle enzyne i nmunoassay (Aéﬁ%%ﬁyb systemlnsulin kit code B2D010;
Abbott Laboratories) that detects human rnsulin with no cross-reactivity
to proinsulin or G peptide. 10 Bsted (oplster Forngiltier Cl ust er For mati on

fhr ee- di mensi Ofglecl dinBhsilat Mt fusthe® ot WAl o EBfpRY BRlng REER" I N0 O
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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15 met hod of Lunel sky et al (2001, Science 1389-1394). Briefly, cells are
cultured according to the nethods outlined. in Exanple |I described herein.
Cells arewpDnBosaBdy grown to produce a highly enriched pepmlusdt/ss7of
nestin-positive cells in suspension and are supplenmented with serumfree

| TSFn nedi a. 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, ag{eeg gfb{r{aﬁgxmt?f'eft&m Q?B&gﬁlf‘sﬁ’yq’i/afsftﬁécﬁw bﬁﬁi’n‘ﬁﬂh&ﬁﬁe Rhaagenesi s

of insulin en wthdrawn fromthe
medi a t hat caatedtaglly sontaioed me'dmaarsiutpmuemﬂfmthwfﬁhlequﬁ thaangtlepsl. Dypgbeadesul ti ng
aggr egat es,, verified as

i nsul i n- prooglEed%&lﬁ(%) ante(a gll%%%@tﬁiﬁ%%& glgﬂhhaﬁlhgﬁw (H[ ed in the art. 25
Exanpl e 8 Isol dbymbﬁadfmﬁqnempmﬁfmaﬁan(yrehhdl%‘ywute ifyqdesccmaimw dotai @lled from
Adi posez De tS&hlSpmer itially
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.rsR..r." enbodinents are intended to be included within the scope of thei
appended clainms. ;, . - Although specific terns are enployed herein, they
are used wp 0a/ogmseri c and descriptive sense only and not PCorUSpus@eses of
limtation. -39 WD 03/039489 PCT/ US02/36373 WE CLAIM 1. An isol ated

adi pose tissue-derived stromal cell induced to express at |east one
characteristic of endocrine pancreas-derived cell. 5 2. The cell of claim
1, wherei npwheraglit is induced to differentiate in vitro. 3. The cell of
claim1l1, wherein the cell is_induced {q iffer ate in vivo. 4. The cell
of claim1, whérei n%%ﬁﬂj@%ﬁd}p@%ﬁ@fqecdteﬂﬁ%eﬁm FFé ingucefl to FPIeSSf Baticed i nt o
the cell. éle cﬂ}ﬁct&%h!: opénd%lﬁierﬁaﬁarea\é’f&fﬁédrheﬂ he cell is human. 6. The cell of
claiml, wherein the cell secretes a hornone. 15 7. The cell of claim§6,
wherein the hornone is sel ected fromthe group of hornones consisting of

i nsul i gl ucagon, { Reat e cell of
claim ? Wnere%g t he ﬂp‘%pn%ftﬁg‘h}ig }Nﬁésrﬁﬁ?l%qeﬁ%lh@uce@{ﬁyet hodh%rga’lltﬁerentl ating
i sol ated adi pose tissue-derived stromal cells to display at |east one
endocrine pancreas ‘fﬁ% bel cl%%{l 1CR 8L d:’@ll?sq{?&ﬁ:%{orlﬂffé@nﬁa?é%%\%d adi pose
ti ssue-derived stroma w th an endocrine pancreas I nduci ng substance.
25 10. The nethod of cl al m 9, wherein the endocri ne pancreas i nducing
substance s In a %Ee ce %%Ia%%fﬁn% exogghcgugr egﬁgllﬂmria}l Abégﬁt hod of
treating a pancreatlc endocrine di’sorder or sdegen Ve Sconditron in a
host cthpringbduged idfd thg cdallhduci ng i sol at ed adi pose tissue-derived stronal
cells to express at |east one endocrine pancreas cell marker; and ii)
transpl anting the induced cells into the host. -40 WO 03/039489

PCT/ US02/ 36373 5. 12. Théeelnafichid 10Whatiaitha ctll js whrenei n t he adi pose
tissue-derived stromal cells are isolated fromthe host.

6. The cell of claim 1, wherein the cell secretes a hormone.
15
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
20
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.
25 10.  The method of claim 9, wherein the endocrine pancreas inducing substance
is in a chemically defined cell culture medium.
11. A method of treating a pancreatic endocrine disorder or degenerative
condition in a host comprising:
30 i) inducing isolated adipose tissue-derived stromal cells to express at least

one endocrine pancreas cell marker; and

ii) transplanting the induced cells into the host.
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13. The nmethod of claim 11, wherein the pancreatic endocrine disorder or 5
degenerative condition is Type | Diabetes Mellitus, Type Il D abetes

Mel |'itus,woloBpsdyst r ophy associ ated di sease, a chem cal | yPCmiisoBsh3ds sease,
a pancreatitis-associated disease, or a trauna-associ ated di sease. 14. An
i npl ant conprising the cells of any of clainms 1-8. 10 15. The inplant of
claim14 further conprising a bioconpatible polyner. 16. The inplant of
clai m 15, wherejn t i i.bl I, S: ) T.niJdhe

gl ant of i ai 4 15, oA £, BHekiPlh ol WehORRled shoind ol

<, ., deri veare igptdtadgfope theihostaci d, pol yl actic acid, polyglycolic/polylactic
acid, hyaluronate or ,;-fibrin. .~ ,~ 1H 18. A nmethod of producing

hor mones, conprising (a) culturing the cell of any 20 of clains 1-8 within
a nmedi um under BondiThe anethalibf ictaim ntl, fwdereinhthecerinkreatic swioestee distrder ror none

into th di um and .isol ating.the, hor fr t ium The

ot hod o EREETIRS. oriien & ¢ teenbr HERESh Bt feea ke of, BEPeE vefims ne
group consiipédystgpphy assosialet Mise@8el & @@NicalBanmicos dRtdss, O parRpdatitieabociated

pol ypeptide, 25 20, The method of claim 19, wherein the hornone produced is
i nsul i n. 2915€3s%, of A BPupasEFsaRiphdiseass-ssue- deri ved stromal cell which is
dedifferentiated in vitro and then induced to express at |east one
characteristic of an endocrine pancreas cell. 30 22. The dedifferenti ated

cel | of claim 2 i nd\idawplanheamrrsingdhesels elaay of clriissl8-one  characteristic of
an endggri ne pancreas cell. -41 WO 03/039489 PCT/ US02/ 36373 23. An
i sol ated adi pose tissue-derived cell induced in culture to express at | east

one characteri st c dheinplast@delaimd4 futher cogprisipg p biogprapaible Robangrnduced cel |
is: a) disaggregated and transferred to suspended cell cultures; b) the
suspended cell cultures are grown until evidence of islet cell 5 cluster
formation i s oblervdde implant O%A%rr@ilﬁ véhereithigie piegemnpatibly Hodynesr isslydragelust er s
are engrafted into a host. 24. The cell of claim1l further encapsulated in

a biomaterial conpatible with transplantation into a host.
15 . 17. The implant of claim 15, wherein the biocompatible polymer is collagen-

. rwaderived, polyglycolic acid, polylactic acid, polyglycolic/polylactic acid, hyaluronate or

woifibrin, ' SRR

18. A method of producing hormones, comprising (a) culturing the cell of any
20  of claims 1-8 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.

25
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.
30

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

characteristic of an endocrine pancreas cell.
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10 25. The cell of claim 24, wherein the encapsulation material is selected
from the group consisting of collagen derivatives, hydrogels, calcium

al gi nat e, waganase9 hyal uronic acid, poly-lactic acid/pol ycgiusoosdes aci d
derivatives and fibrin. 15 26. The use of the cell of any of clainms 1-8, or
21-25 inplanted into a host. 27. The use of the inplant of any of claim

14-17 engrafted into a host. -42
23.  Anisolated 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
5 cluster formation is observed; and, wherein

c) the resulting islet cell clusters are engrafted into a host.

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

transplantation into a host.

10
25.  The cell of claim 24, wherein the encapsulation material is selected from
the group consisting of collagen derivatives, hydrogels, calcium alginate, agarose,
hyaluronic acid, poly-lactic acid/poly-glycolic acid derivatives and fibrin.
15 26.  The use of the cell of any of claims 1-8, or 21-25 implanted into a host.

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