WO 01/ 39784 PCT/ US00/ 33031 5 PANCREATI C STEM CELLS AND THEIR USE I N
TRANSPLANTATI ON  TECHNI CAL FI ELD OF THE | NVENTI ON 10 The invention is

rel ated twobhso78i el d of stemcells and their differentiatpPonusodizost
particular, it is related to the field of beta cells of the islets of
Langerhans in the pancreas and nestin positive liver stemcells and their
differentiation from stemcells or progenitor cells, and the use of
pancreati & stemcells, progenitor cells, and differentiated beta cells or
nestin positive liver stemcells or progenitor 15 cells in

transpl antati on. %Ié% I M i J de at

| east in part u3|l)5§gé. : gg\r/@rin#ej"ns unﬁE%gﬁgﬁyswam 30834
awarded by the National Institutes of Health, and 20 therefore the U S
governnent may retain certain rights in the invention. The origin of

ancreatic islet cells, h_during ryonic devel opnent and in a mature
Ir[:nm"ral, has renai ned unﬁ%ﬁ%ﬁéﬂﬁéﬁéMﬂﬁM@rtai n duct al
epit hel i cells i i Lat i an. of "

transdi f gr enti atTE’fll (%%“{égg@ﬂ)s?%ﬁ eéll(:a[ gtﬂgbglfl?lgbgﬁg&%ﬂg?ﬁ%@l@r%%{gm Sund in

mat ur e i sl et $n pBdvvian st is #988J to b fllicsfletcallls of tHedbleisP L ahgsharsliet s can
proliferate in culture and, if transplanted into an animal, can

di ff erenti at &9 pppereps Ak ResHB PO Y@ live|stean ¢tisiand thaisdifferegtiatiomygn) . |t has
been denonstrate xendi nn4, | on ing .G P-1 onist.. stinulates
boch trecu  PRREEIs ARbroBE SRR NG a8 uh AN ofikd) t‘;%%é“e%%&b?“’%% ifog

(neogenesi s) calylafd Qilffefedkiaded ®Btadell§ 3r nésth pssitbhenvadmntallsedrgodefitbrat s. 1n a
partial 30 pancreatectony rat nodel of type 2 diabetes, the daily

admi ni st A&t i eellon teagsplelitationd for 10 days post pancreatectony attenuated the
devel opment of diabetes. It has also been denonstrated that exendin-4
stinul ates the regeneration of the pancreas and expansion of (3-cell nass

by neogenesis and prolifegai¢ RGREROUND O TAEXVERNTION. . 1999, Di abetes,
48:2270-2276). 1 :

The invention was made at least in part using U.S. government funds,

grants DK30457 and DK30834 awarded by the National Institutes of Health, and
20  therefore the U.S. government may retain certain rights in the invention. _

The origin of pancreatic islet c'ells; both during embryonic development and
in a mature mammal, has remained uncertain despite intensive study. Certain
ductal epithelial cells are capable of either differentiation or transdifferentiation to
form beta cells and other cell typeé found in mature islets (Bouwens, 1998)."

25 Ductal cells from isolated isleté can I:;roliferatc in culture and, if tfansplénted in’to-
an animal, can differentiate into functional beta cells (Cornelius et al., 1997).

It has been demonstrated that exendin-4, a long acting GLP-1 agonist,
stimulates both the differentiation of 3-cells from ductal pro genitor cells
(neogenesis) and proliferation of B -cells when administered to rats. In a partial

30  pancreatectomy rat model of type 2 diabetes, the daily administration of exendin-
4 for 10 days post pancreatectomy attenuated the development of diabetes. It has
also been demonstrated that exendin-4 stimulates the regeneration of the pancreas
and expansion of —cell mass by rieogénesis and proliferation of B—ceils (Xu et

al., 1999, Diabetes, 48:2270-2276).



WO 01/39784 PCT/US00/ 33031 5 Ramiya et al. have denonstrated that islets
generated in vitro frompluripotent stemcells isolated fromthe pancreatic
ducts of veolal/97ps edi abeti ¢ non- obese diabetic (NOD) m cepdiibersniii ate to
form glucose responsive islets that can reverse insulin-dependent diabetes
after being inplanted, with or without encapsulation, into diabetic NOD
mce (Ram_ya et al., 2000, Nature Med., 6:278- 10 282). The insulinotropic
hor none gPucagon-Ramkya seght have demopytratedhptisletssgengragadlio adtroffomhe i nt esti ne,

h th : tj essi f the h donai iption fact
T tha ioaRe el AR RS Bad Bt gErepRenict datphe R RRRIBL i onal |
regul ation ofopefiedibbiiel (NODDEARe dFRREAMH RMTbi glUebEs desgonsRAMIAL HLLHH tO

di abetic mce stinmulates insulin secretion and effectively lowers their
bl ood sugar IrevesesinsihirPdgpead et dahbtanalte betgreliplameh gethesivettmnd i sl et si ze

(Stoffers et al., 2000, D ahete 49: 741-748) . Fer t al. ha

denonst r at ed PRASUEHERJVIOr g’-eﬂﬁgi%l?@ﬂc‘? Ry ef‘?laﬁggérﬁ reMW{;’ é%&gl (al so
known as |hDX-+g3) transgene to nouse liver results in the 20 transconversion
of a hepatocyte” subpopul ation towards a (3-cell phenotype. It has been
denonstr at ed t hatThafih@inbtrbpiahemonse glindagen-dike peptided( @& L)t 1hwhibke isPDX- 1
adenoviral vector, up to 60% of hepatocytes synthesized PDX-1. The

concent r at i orPTRAUCEHRY Hhs Btssting enhansen the Pareseativexaressem phthehe 1i ver and

serumof tr %%Bﬁgg%gﬁtgﬁl}%%%t}gé?&gﬁqD%-ﬁ Qhﬁ I’-i)g%rit%af %gr:f)ira}a eas dev

) Flogment
St rept ozot ocl n-1 nduce and can- éeven no Ize glycema

(Ferber et aland tRROPéhsciipidnabrelbidtion 6f th6 Snafid)gene. Wbh®nttagtiplGcRlll cul tures
obtained fromisolated islets apparently contain cells that can give rise

t o i nsul ilA- s @dmenipterpddeldiabeti¢ miggessimudaied imadinsrsretign anf effecivelytlnwses cel | s
represent tryg.stem,cells o r ductal epithelial cells.undergoing
transdiffer eﬁﬁ‘?l%{)]l%ﬂ .Suﬁzfﬁle[sf r@(fﬁ'b]%BP SPATRET ﬁ%ewcrbﬁqtggqeﬁlsgqgafﬁlf%gl@t em cel | s,
it is 30 unknowtteyh@tal.f 2600t DRIbete§YRRADI4St em cel s and what contami nating
cell types nay be present. There is a need in the art for the isolation of

speci fic cell typgesberkt dnhpanicmeastrated thgsadenovines-medihtetl ypeiso brensfgr of
characteri Zeqhea ED%—F@lgoeluo%vnuassi IBg(-l) transgene to mouse liver results in the
20  transconversion of a hepatocyte subpopulation towards a f—cell phenotype. It
has been demonstrated that after intravenous infusion of mice with the PDX-1
adenoviral vector, up to 60% of hepatocytes synthesized PDX-1. The
concentration of ixﬁmunoreactive insulin was increased in the liver and serum of
treated mice. Mice treated with PDX-1 survive streptozotocin—induced diabetes,
25  and can.even normalize glycemia (Ferbér et al., 2000, Nature Med., 6:568-572).
While ductal cell cultures obtained from isolated islets apparently contain
cells that can give rise to insulin-secreting cells, it has remained unclear whether
those cells represent true stem cells or merely ductal epithelial cells undergoing
transdifferentiation. Even if such preparations contaiﬁ genuine stem cells, it is
30 unknown what fraction represent stem cells and what contaminatiﬁg cell types
.may be present. There is a need in the art for the isolation of specific cell types
from pancreatic tissue, the cell types being characterized as stem cells using

molecular markers and demonstrated to be pluripotent and to proliferate long-

term.



nol ecul ar markers and denonstrated to be pluripotent and to proliferate

l ong- term 2 WO 01/39784 PCT/US00/33031 5 Pluripotent stemcells that are
capabl e o¥odi/sf7es enti ati ng i nto neuronal and glial tissueBChas®/i3exan
identified in brain. Neural stemcells specifically express nestin, an
internediate filanment protein (Lendahl et al., 1990; Dahlstrand et al.,
1992). Nestin is _expressed in the neural tube of the devel oping rat enbryo
at day B 11, reXtHEotertsicrusalls diabpie @patis pf ddierentiating infeneuserabend cort ex

at day E 16, . es i.n-t I X, .hecom restricted to a
popul at on o a iR ERE SEaF Rt R ppfth e BRT f i SR EHE e tr

and pancr eat nestin$ hinté@lddsat€fideht proReIQinvBhiGt §1.,Mdos! DhhisSardh@bRCct eri zed
by conmon cellul ar markers. The invention relates to a popul ati on of

pancreatic i 4P%3). Nashn py exgesssedon therdural tubergisthe developangras embhyaratidey neur al
and hepatic mcells and di.fferentiate int 15.isl et a-cel (gl,ucagon)
and 3-bel 15 Bl fosivies maRaufioeh fAarirger uPscedoidedtatiARpblode | ver
cell's. 1 RS aeqedsds othk @dtuRBortdY BEOKRR: ALRickdIBRY0PAIafish b¥ ependymal
silent/immunoprivil eged and are recogni zed by a transplant recipient as
sel f. The | P&k (heodahdiehd.,t1890)hdvalopintg renrat and penansatid ifletrceBn getabit ment
across all ogepei ¢ and. ii(e.n.o enei ¢ pa 20 There is a need in the art

for a methodP ?no%?élm © F%Cé"é}zﬁéyégig‘g@?n C&il}l@@g}‘?@?seés-and xenogenei ¢
barriers. There ﬁe%&ﬂti@n Fb?eﬁ?seﬂto;é ﬁoﬁﬁla%ﬁ o%@énc?ea'ﬁ%ﬁﬁ&%té?ﬁ/g?&g@ﬁﬁ M9 type |

di abetes nellitus ereln Is estin-positive pancreatic stemcells or
nesti n- posi t calls (IPCy)ahatskesimilat tonearad ahd hepsikie steaticdlRtagd diffeeritpitceinto acr oss
al | ogenei ¢ or xenogeneic 25 barriers and graft rejection does not occur.

Ther e i slal s#le cnedls (lycagnn) and Breslls finplimod hefinventpm plsarmlaies ©n into a
e sber oSk RBELHRLFRE) ARSRRERSH ST b FARLARBay v oo
al | ogenei ¢ Okilet@MABRAEHEVildgad hhEHirs rédgne@bY atRh§flhdtQeciieMSaself, Fasur .
[PCs according to the invention can be used for engraftment across allogeneic and
xenogeneic barriers. /
20 There is a need in the art for a method of engrafting stem cells across
allogeneic and xenogeneic barriers.
There is also a need in the art for a method of treating type I diabetes
mellitus wherein islets, nestin-positive pancreatic stem cells or nestin-positive
liver stem cells are transferred into a recipient across allogeneic or xenogeneic
25  barriers and graft rejection does not occur.
There is also a need in the art for a method of transplantation into a
mammal wherein islets, nestin-positive pancreatic stem cells or nestin-positi've
liver stem cells are transferred into a recipient across allogeneic or xenogeneic
barriers and graft rejection does not occur.

30
SUMMARY OF THE INVENTION

It is an object of the invention to provide mammalian pancreatic or liver
stem cells for use in treating diabetes mellitus and other disorders. It is also an

object of the invention to provide methods for identifying, localizing, and



30 SUMVARY OF THE INVENTION It is an object of the invention to provide
manmmal i an pancreatic or liver stemcells for use in treating diabetes
mel i tus veodi/sa7Ber di sorders. It is also an object of theCcT/serdsnzin to
provi de nethods for identifying, l|ocalizing, and 3 WD 01/ 39784

PCT/ US00/ 33031 5 isolating pancreatic stemcells. It is a further object
of the invention to provide nethods for differentiating pancreatic stem

cel I's to obt ATMAIEIE RAGCTERE stEp sl elt i hEHhERORIF obthednvemsioRdmBEVIdR s al so
an obj ect of n{mﬁﬁodsqx#&%fe%ﬁtigt?n%ga%%}qu st%t&ﬂ?fo SkintLADSR ﬁr%td@é' on into a
manmal that util1ze mammall an ncreafl C or | Vet istem cel s ““These and

ot her -obj ect snffintahé othey RéYmodRs.alt@s MEO M Ojdctly tiavétiohdo pRsvedef the
enbodi ments descri bed bel ow. One enbodi mnent of the invention provides a

met hod of tr eagthetly for isensplentationinte adnaaaldbatigilize masimaliangeningatposi t i ve
pancreatic stemcell is isolated,frgm ncreatic islet  of, a donor. The
stemcell is ht"?a%?f’é?ﬂ%dﬂh?eﬁ? gncfﬂtgerpéltp?%mft%wfbvregtl?r{ areéﬁf‘?‘flé?‘%‘?% PHi¥s into an
i nsul i n- ppoduygdrBef &RldmboHdiedeseabQhdidnt provi des 15 anot her net hod of
treating a patient with diabetes. A nestin-positive pancreatic stemcell
is isolated fromQoeparodaatrtof itelievention pralodesra metiod rHaeading agpatientvo t o

produce a progeni.tor cell.. The pr.ogenitor cell is trapsferred_into the
patient, whél ﬁélﬁb%?%%l_llaﬁt Mj@gn%%l&vaﬁa@%%wwnb?@ﬁ@e#%@eﬁgpal Tell .

Anot her enbodi, FEBLc ;RECY Afsiob! The stBRQE§E rRFRRA b the E@cfénﬂgvd}?e djgabetes
patient. A nestin-positive 20 pancreatic stemcell 1s iSolate ffom a
pancreati c i sliffdreitfates intorarinsauhic-Erxdacicecktll dnothepelibedimept mgeides or cel |l . The

progenitor cell is differentiated in culture to form pseudo-islet |ike
aggr egat é3 t RAethgrmethpd aEreating natient Wik dighetre nf netEopenlivepapsFRient

provides anoLer JFRL DAL O rbRSAlh 0%, B LERLoMg LhaRER 82 Ip T Eus. A

nestin-positive pancre IS 1S0 ancreatic islet
of a donor ameodudt hpr@ni®x céilV The prédeaiiticellds RaRgaridiato Bephent,The

progenitor cell is transferred into the patient, where it differentiates
into an where it differentiates into an insulin-producing beta cell. Another embodiment
provides still another method of treating a diabetes patient. A nestin-positive
20  pancreatic stem cell is isolated from a pancreatic islet of a donor and expanded to
produce a progenitor cell. The progenitor cell is differentiated in culture to form
pseudo-islet like aggregates that are transferred into the patient.
Another embodiment provides another method of treating a patient with
diabetes mellitus. A nestin-positive pancreatic stem cell is isolated from a
25  pancreatic islet of a donor and cuitured €X Vivo to produée a progenitor cells. The
progenitor cell is transferred into the patient, where it differentiates into an
insulin-producing beta cell.
In these embodiments, the patient can also serve as the donor of the
pancreatic islet tissue, providiﬁg an isograft of cells or differentiated tissue.
30 Ina preferred embodiment, the patient does not serve as the donor of the
pancreatic islet tissue.
In another preferred embodiment, the patient is a human and the donor is a

non-human mammal.

In another preferred embodiment, the patient is not treated with an



i nsul i n-producing beta cell. In these enbodi nents, the patient can al so
serve as the donor of the pancreatic islet tissue, providing an isograft
of cellsvooodsfBerentiated tissue. 30 In a preferred enboBCTERW0/33031€

pati ent does not serve as the donor of the pancreatic islet tissue. In
anot her preferred enbodi nent, the patient is a human and the donor is a

non- human_manmal . | n anat her Ereferﬂg@ odi ment, the patient is not
treated whth HAUNASURPICETYS BARSIERE SBPI nmunosuppr essi ve agent

prior to the trags Jrﬁtﬂe‘rg%f&hﬁaemﬁd&ﬁ@ﬂt PﬁBrtBrtﬁéﬁéﬂgfit rGTROGHTRRL stefdl 1 OF 1O

the step of transferrin e stem cef IS treat'ed ex vivo Wlt%‘l an agent

sel ect ed fronel xaretedup vmn;slltls th agenobel &kted fromfthE gidup RbaeistPlgudases, KG-,
HGF/ SF, G.P-1, exendin-4, IDX-1, a nucleic acid nolecule encodlng | DX- |
n

bet acel | ul i nbF&GE3-igh gl\ucoFGFK@E; Hé?ﬁds%&tlb}i) A atxenig- “_‘néDP(hbrae@t‘Clel‘F acidnot her

P o R e AR s I AR B R b oo ©

treatlngl@ Patdr&ytt Wi th dlabetes nellltus additionally conprises the step
of treating the patient with an 15 i mmunosuppressive agent. |n another
preferred enbodi reamother hesférmduemasdppess diewtepag ennsforegen perfaomedivimmune
response. other preferred enbodi nent, the i munosuppressive agent

del ays the @ﬁFW@ﬁE ogfadg IFHHAMe response. 20 In another preferred

Iemg:a”:?gg’ t he [HaR4aRs Ffé@ér?&isérﬂlﬁ)d%ﬂ&ﬂt t%%@tﬁ@cﬁ@ﬁreabﬂga #nu&ﬂ%\iitty of an
ponse. In another preferred embodi nent , ne response is
transpl ant daetes metitus additionally comprises the step of treatmg the patient with an

15 immunosuppressive agent.

In another preferred embodiment, the immunosuppressive agent prevents en
immune response.

In another preferred embodiment, the immunosuppressive agent delays the
occurrence of an immune response.

20 In another preferred embodiment, the immunosuppressive agent decreases
the intensity of an immune response.

In another preferred embodiment, the immune response is transplant
rejection.

In another preferred embodiment, the immunosuppressive agent is selected

25  from the group consisting of FK-506, cyclosporin, and GAD65 antibodies.

Another embodiment provides a method of isolating a stem cell from a
pancreatic islet of Langerhans. A pancreatic islet is removed from a donor, and
cells are cultured from it. A nestin-positive stem cell clone is selected from the
culture. Optionally, the islet is first purged of non-islet cells by culturing in a

30  vessel coated with concanavalin A, which binds the non-islet cells.

In a preferred embodiment, the method of isolating a stem cell further
comprises the additional step of expanding the nestin-positive clone by treatment
with an agent selected from the group coneisting of EGF, bFGF-2, high glucose,
KGF, HGF/SF, GLP-1, exendin-4, IDX-1, a nucleic acid molecule encoding



In anot her preferred enbodi nent, the imunosuppressive agent is sel ected
25 fromthe group consisting of FK-506, cyclosporin, and GAD65 anti bodi es.
Anot her awdodsatent provi des a nethod of isolating a stem eet/uSéwsnia
pancreatic islet of Langerhans. A pancreatic islet is renoved froma donor,
and cells are cultured fromit. A nestin-positive stemcell clone is
selected fromthe <culture. Optionall the islet is first purged of

non-i sl et ScellPX- bypetageliulin, ﬁ@fl\ilhAaTﬁ ge@éépmcbmleﬁs thiergef.concanaval i n A,

whi ch binds th | et hod of
"ol ating a stemeore frbfEmeRtanoR BrRe SR ar Sl RO bandi ng
the nestin- p%ﬁieEtﬁﬁlﬁos@ﬂl&Eﬁn@éaﬁé @t@ﬁlr@%ﬂtmto‘% ﬂaﬁcx@@h@&@émﬁﬁlc@lﬁ}t ’d ugédom the

group consistin bFGF- 2, high gl ucose , GLP-1
exendi n-4, | IDXFelr;, “diffepanitigfien’ éurcffnts mihepndcessérycwhilchg cbil \Ami@gcz&éa&?c&énge

PCT/ US00/ 33031 51 1, betacellulin, ac 3, .and copbi nati ons
thereof. A f# n%rﬁlcgﬁﬁsf‘dk YRS %ﬁ%e.sa@éallge(ﬁrﬁllﬁae £ h? ﬁtaﬁcheHgs freate

di fferentphati f

ey eat 10 prath & asc AR TR NI dYS BIBHREDE EOF, SEORS hishlhfole. (1,

the process BGMHGHSE, 08K}, amdelegoesi molkebalsgrcoding DXL GLEU],ar ceII type,
e.g. to a specialized cell t ype. The stemcell is treated 10 with an agent

sel ect ed frofkensen- @f}lf‘tﬁftﬁeablh@laﬁm’lﬁg’\ &‘Glﬁ@l:andtfp@hﬂzathlﬂﬁ drerepfudbestem KGF,

HGF/ SF, | DX- | n ncodl 1,.,GP-I exendi n- 4,
bet acel | ul i n, ell bs%' %h‘y d?%fg?t? eSI acpon%rle%té emfgﬁ F%of The stem cell

subsequent |y dl fﬁ@é@fﬁfér@éde&nbdlﬁlﬂeﬁt PR pah&adti Cprhg QERREiREqEatY forhld 2
preferred enbodi nent, the pancreatlc progeni tor subsequently forns 15

pseudo-i $f et pbgude- ldg@itl@gmge%gate@w embodi ment of the invention.provides a

met hod of transpl stin jve pancreatic stem
cell is isolated ﬁltec?m ?{glpgg‘[e 1BV };Silogtprov esg ’H?}HE}?O% gﬂé’ﬁg PR s
transferred ifgniihg 51t1W§Jn%réaﬁc 1fnfc5°e[1(:i‘§‘¥sbﬁa'&&§froﬂl@tﬁné\@atlc islet

i nsul i n- produci ng cell. Anot her enbodi nent provi des anot her nethod of

t ranspl ant i ngf adowora The stem cell is transferred into the mammal, where it differentiates
into an insulin-producing cell.

20 Another embodiment provides another method of transplanting into a
mammal. A nestin-positive pancreatic stem cell is isolated from a pancreatic islet
of a donor and expanded ex vivo to produce a progenitor cell. The progenitor cell
is transferred into the mammal, where it differentiates into an insulin-producing
beta cell. Another embodiment provides still another method of transplanting

25 into amammal. A nestin-positive pancreatic stem cell is isolated from a
pancreatic isiet of a donor and expanded to produce a progenitor cell. The
progenitor cell is differentiated in culture to form pseudo-isiet like aggregates that
are transferred into the mammal.

Another embodiment provides another method of transplanting into a

30 mammal. A nestin;positive pancreatic stem cell is isolated from a pancreatic islet
of a donor and cultured ex vivo to ﬁroduce a progenitor cells. The progenitor cell
is transferred into the mammal, where it differentiates into an insulin-producing

beta cell.



mammal . A nestin-positive pancreatic stemcell is isolated froma
pancreatic islet of a donor and expanded ex vivo to produce a progenitor

cell. Thev@oogwsitor cell is transferred into the mamal PCWISOE33DI1
differentiates into an insulin-producing beta cell. Another enbodi nent
provides still another nethod of transplanting 25 into a mammal . A
nestin-positive pancreatic stemcell is isolated froma pancreatic islet

of a donoP and exXpiifdeambedipieatiutie mamypalgenialsersersas therdanor pfdgeni tor cel |
i's different 'p%{l&g tersl%HJiésH%,epri\%d{n%rag‘i:po%ﬁfigf J:e?ll %E‘ d{fi‘eﬁg R aet es that are
nto the ranmat. rANOUREr ¢ £

transferred i odr ment “provi des anot her nethod of

transpl anting i ntlg agredlrré@emBddimbnt) @RlrhdinMabddes 8t RANCiBE denditoFmLcel | 1S
isolated froma pancreatic islet of a donor and cultured ex vivo to

produce a pr dge¢reatisrisigeligsye. The progenitor cell is transferred into the
mammal , where it differentiates into ap jnsulin-producin eta cell. 6 WO
01/ 30784 PCT/ USCH 33055 PT& RO ERbEUeh Sbf el N3 B amhe BEIER o sorve
as the dqpor gQfontthindRaRshiali ¢ islet tissue, providing an isograft of cells
or differentiated tissue. In a preferred enbodi nent, the mammual does not

serve as the donbramfthdripecfepechemeatiinent, fleeharhingbisamot treatechwithen pref err ed
enbodi nent, the mammal is a human the donor is 10 a non-human mamal .

I'n anot her pﬁ@meP&?%ame%ﬁggﬁﬁmﬁ?mpg%at treated with an
| mTunosuppr essi Ve, a0 IpPéﬁ:r‘Péd érﬂ%&dﬁ%eﬁtf Br?)?rf ©hd &g 3f Eﬁhsférﬂﬂ%rlﬂé Qeh

preferred enbodi nent, prior to the step transterring, t stem cell is
treated ex vicelhismrdatedady 1agenith aehgait ecledtédfrvinltRe grouproasistdigsdfimGF,0f EGF,
15 bFGF- 2, hi %h | ucose, KG-, HG-/ SF, G.P-1, exendin-4, I1DX-1, a nucleic
acid nol deul & @?g%dilsigglvw, K GFp BGE&RH | G B 1h; exgadingd,dDX-1 eardldc agid d

f?gﬁ;?gf, :, IOEZ r?(;slgcgllesgr%:;g%%lg I@?ﬁ E ,rl)(aeliacglﬁlﬁ}cn? E(r:t?vqn %%-H:egntd’ cotm ?na itogg of
thereof. .
In another preferred embodiment, the step of transferring is performed via
endoscopic retrograde injection.

20 In another preferred embodiment, the method of transplanting into a
mammal additidnally comprises the step of treating the mammal with an
immunosuppressive agent.

In another preferred embodiment, the immunosuppressive agent prevents an
immune response. |

25 In another preferred embodiment, the immunosuppressive agent delays the
occurrence of an immune response.

In another preferred embodiment, the immunosuppressive agent decreases
the intensity of an immune response.
In another preferred embodiment, the immune response is transplant

30 rejection.

In another preferred embodiment, the immunosuppressive agent is selected
from the group consisting of FK-506, cyclosporin, and GAD6S5 antibodies.
Yet another embodiment provides an isolated, nestin-positive human

pancreatic stem cell. In versions of this embodiment, the stem cell differentiates



endoscopi c retrograde injection. 20 In another preferred enbodi nent, the
nmet hod of transplanting into a mammal additionally conprises the step of
treati ngwherseEsiral with an i munosuppressive agent. |n poDUk@v3spsief erred
enbodi ment, the immunosuppressive agent prevents an imrune response. 25 In
anot her preferred enbodi nent, the innunosuppressive agent del ays the

occurrence of an_ jmmune response. I n another preferred enbodi nent, the
i munosuppr ed¥P ¢RI Febft %Fe]e AR alpha cell, pseydanislet {ilfe ageregnts, oFg ﬁép%t@@% nse. In

anot her prefegred; (ﬁ{éﬁ?o prlg?&%()dl St tﬁ@;al‘lrrentefﬁ{)%%ﬁg%v 16 S% ABsions 0

rejection. In anot erre nosuppressive agent is

sel ected fromtiiemBsditiRnG eHiSstdh bagd@a‘s oKeg$16ss drasglmﬂ@@rahﬁ en8Ndh GAD65

anti bodi es. Yet another enmbodi ment provi des an i sol at ed, nestr n-positive
human pancr eatsians of 8ns embodiment, thersssnp aell doestriot QXmmGéﬁsﬁrﬂrMHQ he stem cel |
differentiates 01/.39784, PCT/ US00/ 33031 5 o _either a cell, an
al pha cel |, %%eé’ﬁ\/\gl VEPIRpS ?ﬁ?@ 638’ 5 ?f tgeS?e“hCﬁl.l St BEW‘Qresfﬁ I‘rsl%rr ons of
thi s enbggli neﬁgslg‘,{}pgeﬁg.em cell is immunoprivileged. In versions of this
enbodi nent, the stemcell does not express class | MHC antigens. In

ver si ons of t hi s Séihbodiberembodimentsirevidesd mettmdfnddntiéxpg e panartasselll VHC

antigens. |In versi ons is e st.em ce not. express
class | or §92& egb%f’]i 52‘a‘ﬁzﬁl 1@8%““%{17"}”? i@&ﬁ%&e%ﬁwﬁ@rﬂﬂ% ﬁ?bv}o 48 a et hod
of identifyi RANK | cted with
a | abel ed %egfarlﬁespecrl E:édgm??tleénﬁﬁo ﬁﬁ}ﬁ%&&ﬂ 13546%&1%%% %tg?p%ﬁwr th the

anti body, théptibha adéitionals;tepdemluder @ttatng thet eihvael 4n antiBpdy @nal addi ti onal

steps include contacting the ¢ with an_antibody to 15 cytokeratr n 19 and
an anti bbdy f:zswlserarla@%ﬁnqi @ a@trr@daér Foljagen a\én&hﬁcr'éer igentifiedtag msteap pell

if it does not become labeled with either the cytokeratin 19 or the collagen IV
antibody.
Another embodiment provides a method of inducing a nestin-positive
pancreatic stem cell to differentiate into hepatocytes. The nestin-positive
20  pancreatic stem cell is treated with an effective amount of an agent that induces
the stem cell to differentiate into hepatocytes or into progenitor cells that
differentiate into hepatocytes. In a preferred ernbodiment, the agent is -
cyclopamine. | |
Yet another embodiment provides a method of treating a patient with liver
25 disease. A nestin-positive pancreatic stem cell is isolated from a pancreatic islet
of a donor and transferred into the patient, where the stem cell differentiates into
a hepatocyte.
In a related embodiment, the stem cell is expanded ex vivo to a progenitor
cell, which is transferred into the patient and further differentiates into a
30  hepatocyte.
In another related embodiment, the stem cell is differentiated ex vivo to a
progenitor cell, which is transferred into the patient and further differentiates into
a hepatocyte. In another related embodiment, the stem cell is differentiated ex

vivo into hepatocytes, which are transplanted into the patient.



if it does not becone |abeled with either the cytokeratin 19 or the
collagen IV antibody. Another enbodi ment provides a nethod of inducing a
nesti n- poBO0i/3%84 pancreatic stemcell to differentiate i npOT/oS@Eai30RIyt es.
The nestin-positive 20 pancreatic stemcell is treated with an effective
anount of an agent that induces the stemcell to differentiate into
hepat ocytes or into progenitor cells that differentiate into hepatocytes.

In a prefeéerred edBE¥saHempodipratsatepatient cap glsp serapanie doer ¢irfbe her
enbodi ment proyi - . treat.| I i th liver 25 di sease.
A nestin- posip ? %{évrgﬁ%alglgﬁgasp gg’rg{lg%ggglléoréigas@?g%ﬁlgt% gglf F%‘?ﬁal@fd\égﬁ%er eatic islet

of a donor and tnMaapteeir@erhbdRmeRNS tHedfatiemtdoeyidt servicl tisd ®Hoe 6f the
differentiates into a hepatocyte. In a related enbodi nent, the stem cell

i s expanded @Rnerpafts islgt tsspe-ogenitor cell, which is transferred into the
patient and further differentiates ..into a 30. hepatocyte. .I.n another rel ated
enbodi nent , -t he ?%gi’qhglqre i e%ietpg%qlg}?flﬁgfe Q‘@Qtlgié\t;’ﬁ"%éB apd t%%’é’@ﬁ}staor cel |,
whi ch ispr ansheuhRd nhdii@at he patient and further differentiates into a
hepat ocyte. In another rel ated enbodi nent, the stemcell is differentiated
ex Vivo into hepatrotheressfemdt ghbatiment; thegpliamtiedoti treatedtwich pat i ent . 8 WO

01/ 39784 PCT/ US00/ 33031 . 5 I n these 1ganbodi ments, the patient can also serve
as the donor GMUPRIARLESRIVE A8S0E PIIQT tQrthe fraRsfeITing s(§9i di ng an i sograft of cells

or differentiateg, {{md reféx‘?edaexﬁls&fiﬁéﬁt?%e%%’d gpt?éatin%'ﬂ‘;aﬁ ivﬁﬂhi\‘?’e?es not
I not e

serve as.the donor of the pancreatic Islet tissue. er preterred
enbodi ment, Wseageaidd@iohallcanirisertheastnsd dfiiecadog die padedt willDarnon- human mamral .
In anot her preferred enbodi nent, the patient is not treated with an

i Munosuppr e SBMPBOSPRFASSIYE A8t 0 the transferring step.

In another preferred embodiment, the immunosuppressive agent prevents an
immune response. )
In another preferred embodiment, the immunosuppressive agent delays the
occurrence of an immune response.
20 In another preferred embodiment, the immunosuppressive agent decreases
the intensity of an immune response.
In another preferred embodiment, the immune response is transplant
rejection. K
Yet another embodiment provides a method of transplanting into a
25 mammal. A nestin-positive pancreatic stem cell is isolated from a pancreatic islet
of a donor and transferred into the mammal, where the stem cell differentiates
into a hepatocyte.  In a related embodiment, the stem cell is expanded ex vivo to
a progenitor cell, which is transferred into the mammal and further differentiates
into a hepatocyte. ’
30 In another related embodiment, the stem cell is differentiated ex vivo to a
progenitor cell, which is transferred into the mammal and further differentiates

into a hepatocyte. In another related embodiment, the stem cell is differentiated

ex vivo into hepatocytes, which are transplanted into the mammal.



In anot her preferred enbodi nent, the nethod of treating a patient with
liver disease additionally conprises the step of treating the patient with
an 15 i muoossyps essi ve agent. | n another preferred enmbodP@eusgo/asha

i Mmunosuppr essi ve agent prevents an immune response. In another preferred
enbodi nment, the immunosuppressive agent delays the occurrence of an immune
response. _20 In ang%her greferred enbodi nent, the i munosuppressive agent

decr eases® the i M HI§85 e0HMERLs; Wﬁﬂ?@lm@scaaﬁbe.seqvﬁ ag Hsrdospr phtdeer red
rhodi ;. : ! . : . h
cnbod o TR 00 MR P RSB e L2 e

enbodi ment provi ans

nestin-positive papefedatddCersbRliinedt, theirsarhal ddesdof Jeore & thadeiRaf e i Sl et

of a donor and transferred into the manmmal, where the stem cel

di f f er ent i at @ancreaticaslet thiepdt ocyte. In a rel ated enbodi ment, the stem cel

i s expanded ex vivo t a progenitor cell, which.is transferred into the
el and- 1 ar ¢ ndl 2 PeRParabong e miBhE ey SGRATE fnord: el at e
enbodi nremy, HhenIuBEhGSIMhmis differentiated ex vivo to a progenitor cell
which is transferred into the mammal and further differentiates into a
hepat ocyte. | n ahotegrer peiferresienabdsioniiente the, nanhmalsis ent teetéd wigh dinf f er ent i at ed

ex vivo into.he atocgtes, mhich.aretérans | anted into the mammal . 9 WO
01/ 39784 PCTFEE@E?%@ §§$V%a$ﬁupﬂ@§8 ﬁﬁ%ﬁ$ﬁ@ﬂ$§@p¢he manmal can al so serve
as the donor of fmoaﬁpgfe%a%édcemﬁd&heﬁﬂ FRUiethd] Ot PAn@HL infpPraft of cells
or differentiated tissue. In a preferred enbodi nent,” the Tammal does not
serve as t hendomeal adlitivhaly gampriseathiestépsd fateating tigenarhmakbwnh her pref erred
enbodi ment, the manmmal i s a human and the donor is 10 a non-human manmal .
15 1mmunosuppressive agent.
In another preferred embodiment, the immunosuppressive agent prevents an
immune response.
In another preferred embodiment, the immunosuppressive agent delays the
occurrence of an immune response.
20 In another preferred embodiment, the immunosuppressive agent decreases
the intensity of an immune response.
In another preferred embodiment, the immune response is transplant
rejection.
Yet another embodiment provides an isolated, nestin-positive human liver
25  stem cell. In versions of this embodiment, the stem cell is immunoprivileged. In
versions of this embodiment, the stem cell does not express class I MHC
antigens. In versions of this embodiment, the stem cell does not express class I1
MHC antigens. In versions of this embodiment, the stem cell does not express
class I or class I antigens.
30 Yet another embodiment provides an isolated, nestin-positive human stem
cell that is not a neural stem cell, that is capable of transplant into an animal
without causing graft versus host rejection. In versions of this embodiment, the

stem cell is not major histocompatibility complex class [ or class II restricted.

A “stem cell” as used herein is a undifferentiated cell which is capable of

10



I n another preferred enbodi ment, the mammal is not treated with an

I nmunosuppressi ve agent prior to the transferring step. In another

pref erredvenbsdssent, the method of transplanting into a POBRUS®I/33031
additionally conprises the step of treating the mammal with an 15

I mrunosuppr essi ve agent. In another preferred enmbodi ment, the

| Munosuppr essi ve agent prevents an imune response. |n another preferred
enbodi men?, ERENHHHLHBUr RIGRISAEOB GRS BV aPE eX Heo ageapeblertfe of an i rmune

esponse. 20 4 g AKARY. RILE! SIF SflcHRELETR, ARy (FUBARYRPT ooS! ve agent

decreases the TRUENS t ne ' r eésponse. er preferred

embodi ment , tcbﬁamlﬁwmnfaaﬁr@qmgemtartdfmb 38l type€hRedit dthe YRbucAheth her
enbodi nent provi des an isol ated, nestlnﬂ£05|t|ve uman |iver 25 stem cel

I'n versions ofhiethit svae fsolatedrendramatiealist differsatinteil seli mpasopeh 86 foeged. In
versions of this enbodi pent t express class | MHC
bt pons. O neouiaf TRt B bR i SRy DR e PR S or s
class Il o M"Qe@rﬁr eg@r{‘t% cellriy;yé%ra% h&ﬁ%&f mtams§u@&ﬂ?ﬂﬂht@%1ffe¥eﬂ?fr§ﬁﬁﬁ% cel | does
not express cl ‘ass or class antigens. 30 Yet anot her enbodi nent

provi des an |tlsmiea°r<nni whinahsthe atepnmlltls vbtahmdaﬁos@amplccéalldodtshan cells mat a neur al

stem cel |, that i s capabl e f transplant intQ an ani nmal out causing
graft versus berane brajres(ls gl V?ﬁmﬁ%F§P@£§fﬁﬁmﬁﬁF§l@ﬁﬁﬁﬁl “mﬁﬁﬁc Dstem cel

I's not mmayj or tﬁHt%EeHP&@Q%Ié ﬁhhgétgntun,;%ﬁtd%e%'tﬁéggﬂé%ﬂgae %@aﬂl s ion] e i cted. A

"stemcell" as used herein i fferenti ch is capabl e of
10 WO 01/ 397 8dviriahiddiané3amdiiffeientias @itd bay tisus i theitodd. pr opagati on ei t her
in vivo or ex vivo and capable of differentiation-to other cell types. This
can be té3cert ai AN 8NY erEPeHIERE a (stemcssHhripeqoading fnihgtiRiyatiopiogeni t or, or

mature cell tu%&%?loﬁggl%gﬁ? Bllh&dtoqqnﬁﬂu%%ggvﬁgggm As used herein,

“immunologically blinded” or “immunoprivileged” refers to a cell that does not
elicit an immune response. As used herein, an “immune response” refers to a
response made by the immune system to a foreign substance. An immune
20  response, as used herein, includes but is not limited to transplant or graft
rejection, antibody production, inflammation, and the response of antigen specific
lymphocytes to antigen. An immune response is detected, for example, by
determining if transplanted material has been successfully engrafted or rejected,
according to methods well-known in the art, and as defined herein in the section
25  entitled, “Analysis of Graft Rejection”. In one embodiment, an “immunogically
blinded stem cell” or an “immunoprivileged stem cell”” according to the invention
can be allografted or xenografted without transplant rejection, and is recognized
as self in the transplant recipient or host.
Transplanted or grafted material can be rejected by the immune system of
30 the transplant recipient or host unless the host is immunotolerant to the
transplanted material or unless immunosupressive drugs are used to prevent
rejection.
As used herein, a host that is “immunotolerant”, according to the invention,

fails to mount an immune response, as defined herein. In one embodiment, a host
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which it was isolated, or dramatically differentiated cell types, such as
for exanple the erythrocytes and | ynphocytes that derive froma comon
precur sow@01/s®84 , or even to cell types at any stage in BCTAUSE&NE3031
conpletely different fromthe tissue fromwhich the stemcell is obtained.
For exanple, blood stemcells may becone brain cells or liver cells,

neural stemcells can becone blood cells, such that stemcells are

pl uri pot et i drat isgiEngnpiterape dapphas piretas destetyaransplapied mpaterial. Bnefi onnent
they can diff | I Ve L] Lot . di ment, a
"stemcel l" aeglcrl:)g?%ée?i%%[}g&{ ﬁlg?{;n\l}}é}rrft% iﬁég){ﬁle%%t ?‘ﬁ‘%%ﬂ‘%g egﬁ(%lgda {L;I/l%gﬁgnd d or

i munopri vi | egeticingantibed eeipablB of bindBUO Chegtipah! y bl i nded” or

"i munoprivileged" refers to a cell that does not elicit an immune
response. As used\stuseéhereinafirejechpnineiaretopsiesbon pbfransplantsdanatered pynse nade
by the irmunglbes. stem tot a ffotfleh%? ubstan%ﬁ. Ar} j‘rmupe 20 response, as used
herein, incl GEETBUHE FEHLY! T AT ed® U5 TPHNEPFAnt A Y BFRDS ) ect i on,

ant i body 19r odugirtedBe of AblAMARDORR ]l BPHsduBReEBSRBRER tRhsARdRAALCI fiC

| ynphocytes to antigen. An imune response is detected,” for exanple, by

det er m ni ng iif resp@rss pd thetimchumetrespoade dfakse hesenlrsamttes sfbbiyneangr af t ed or

rejected, acgcording to nmethods well-known in-the art, and.as defined
herein in thelSEEPNoMedRs % ?CF‘?aF‘“eH{tkemgﬁ%F‘éc aithg v1abity 8Eton . In one

enbodi ment , s A Rgierial 1 j 7t | Nyt iwi | eged
stemcel | ™ a?@gs él ng tgietFl ﬁiels?ﬂﬁ(\:}gé\éte?gg%zaﬁmggeﬁé{sIcggﬁ)g%ta é%tﬁgpf%ﬁ%go\rfaf ted
Wi t hout. t r anshpd teansplagied elidterinl paindtol tBankamtgtion, éd respsnsead thel imnidre t r anspl ant
reci pient _or host. Transplanted or grafted material can be rejected by the
i mune syat efssppnsead tharost. A Aegreasnin viabilipy e begdeterganed hy methodswelhost i s

i mmunot ol era . t ] I r L pressi ve
drugs are usgho{vg n{p{rillg\?gh[n%ﬂgigr}@% ?lg%l%kg& togéé@%ﬁé)?lgél %,&%gi%{ﬁﬁ %‘a?ﬁi S

"i munot ol er anbther Esudidbmg “reRclRE hewne Milued of thbatahsplifedBidithiaPid | MMuUne

response, as defined herein. In one enbodinent, a host 11 WD 01/ 39784
PCT/ US00/ 33031oliferate. Proliferation can be measured by methods known in the art including
but not limited to hematoxylin/eosin staining. The occurrence of transplant
20  rejection and/or the speed at which rejection occurs following transplantation will
vary depending on factors, including but not limited to the transplanted material
(i.e., the cell type, or the cell number) or the host (i.e., whether or not the host is
immunotolerant and/or has been treated with an immunosuppressive agent. As
used herein, “graft versus host rejection” or “graft versus host responée” refers to
25  acell-mediated reaction in which T-cells of the transplanted material react with
antigens of the host.

As used herein, “host versus graft rejection” or “host versus graft response”
refers to a cell-mediated reaction in which cells of the host’s immune system
attack the foreign grafted or transplanted material.

30 In another embodiment of the invention, an immune response has occurred
if production of a specific antibody (for example an antibody that binds
specifically to an antigen on the transplanted material, or an antibody that binds

specifically to the foreign substance or a product of the foreign substance) is

detected by immunological methods well-known in the art, including but not
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5 that is "inmmunotol erant” does not reject or destroy transpl anted
material. In one enbodinent, a host that is "immunotol erant” does not
respond twoan3gsti gen by produci ng anti bodi es capabl e of poTmsimg0310 t he
antigen. As used herein, "rejection” refers to rejection of transplanted
material by the immune system of the host. In one enbodi nent, "rejection
means an .10 occurrence of nore than 90%ceéll or tissue necrosis of the
transpl and ed liswtedtp £|LISAnlm@gw&tﬁs@n&de@OPfﬁﬁm@ﬂ%@rp}bﬁéeéteat Blohe host. In
anot her enbod|q§g "rejection" nmeans a decrease in the viability such
that the viabiii y of the transplanted material is decreased by 90% or

nore as conpar ed Ském ckiexpr@b inldrpBbgehiclod @rdwth MdfthaiY ReepI®t Ofiitld cdpir i or to
transplantation, in response to the imune 15 response of the host. A

decrease in wiehdel and/canapgnsse fatexemplenaghripyelptet Hadderskdn locdtrewmandy t he art,
i ncl udi ng but not .lLimt

p ue excl,usi.on st.ainin ot her
embod nent P IERETRA i L PHEUPE B STRGUER dnG PO B REESRY 2 1o
prollferqge dﬁﬁg&ﬁﬁ@g@ﬁégﬁz§aﬂmg§mqgggﬂked by met hods known in the art
including but not limted to hematoxylin/eosin staining. The occurrence of
transpl ant 20 r ej‘Estentallyamdimoited frepappsed’ in bmtdetdmmr&;deﬁirlemmnpieplw the
followng tra tation wll vary depending on factors, dlng but

pl
not linmted @ ﬁtxhgp 1 iaplsfadaina el hio Rerrapasated teroush g gt PP, Rr9 x)r the cell
number) or thgy ha(?lﬁtevgﬁ 5 \%I) %w&tﬁgtre &M diRdioh ahf%ﬁtcultﬁre Efggnn Oét%tner ant

and/ or has been treate an I munosuppr essi ve agent used herein,
“graft ver suselfosin eejtdiottan,” naningtiadt theyeraa hveisetto mﬂsmle ofaefers to 25
a cell-nediated reaction in which T-cells of the transplanted materi al
react wi th ézrwgsgh@s for sem collss Stenngelisscag atserbéu Rluripisst,” epsins thpt af t

rej ection” ok NQRl; MEERNS 01 A el ERRRASH. HEHEI 3 i@ Bygeldy medi at ed

reaction |n e sys em - a "t he foreign

grafted or t b@ghﬁ&hanmn ARt bl diffdfntifed (gt:ﬁ@au;egf@@sihg@tata Rbretadalt
i nvention, an 1nmmune response has occurred Broductlon of a specific

ant i body ( f orceléiomfrprlchmnaamq aopﬁmalthfe@nh@le Csl suohfas @girpgenttor eahl, ant i gen on
(ne LansbL o e LT ) o L AR ATHERdHI Ly PLRSS cBpSEheghly 0 e
20  motile.
“Nestin” refers to an intermediate filament protein having a sequence
disclosed in Genbank Access No. X65964 (Figure 7).
A “pancreatic” stem cell means a stem cell that has been isolated from
pancreatic tissue and/or a-cell that has all of the characteristics of: nestin -positive
25  staining, nestin gene expression, cytokeratin-19 negative staining, long-term
proliferation in culture, and the ability to differentiate into pseudo-islets in
culture.
A “liver” stem cell means a stem cell that ha§ been isolated from liver
tissue and/or a cell that has all of the characteristics of: nestin -positive staining,
30 nestin gene expression, and long-term proliferation in culture.
A “progenitor cell” is a cell that is derived from a stem cell by
differentiation and is capable of further differentiation to more mature cell types.
As used herein, the term “insulin-producing beta cell” refers to any cell

which can produce and secrete insulin in a similar amount to that produced and
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detected by i mmunol ogi cal nethods well-known in the art, including but not
12 WD 01/39784 PCT/US00/ 33031 5 |limted to ELISA, i mrunostai ning,

i mmunopr axd pi/sEs4 on and Western Bl ot anal ysis. Stem cel | BCEXPOS831

nor phogeni ¢ or growth hornone receptors on the cell surface, and can
sense, for exanple, injury-related factors then localize to and take

resi dence _at sites_of tissue injur sense their local m croenvironnent
and 10 di P esesieted by a|h¢£ad:eilwéﬂa€pl|§ke§mﬁlépéeréém% inghe,limanepansreas.al |y unlimit ed

propagation” Iﬁ@féra@@ﬁ%%%&%l {)‘rﬁgfmfsﬁ{ n 8% ea' ﬁh%g%dhg‘ﬁ b@tQ'thWalg% an i sol ated

stemcell to be rou referab and even

up to 200 or remil@e®l 4 sifhildt HBIBA t me&egﬂﬁtiorpdﬂlhsmm s8dteticby Shemancel s can
be "totipotent," meaning that they can give rise to all the cells of an 15

or gani sm as fosta cg&rzm@zelfovsexastpéqnlrcs@lm§eqrentpnaﬂh991dtk@ stipfulgtegpby emt , " neani ng

that they can se to many different byt .no aII t he
coll's of an” Bk e e SHCtufioonih T pFlion s BERing PegBRbrdl 1y gi ves
rise to qonorpeo(ﬁgm thetL&Al type, whi ch may be a partially differentiated
cell such as aprogenltor cell, a differentiated cell, or a termnally

differentiated cé‘PBeudSﬂsim ldef’ Iaggxtcgatebaehrt@;ﬁ'd'gd ag@gates 0f i@sulinNgestdtimg refers
to an interned] ila t. protei n_havin se nce dis Iosed i n Genbank
Access No. X&5 ﬁ’(CL g’g%l}‘f{) frocton &@"‘Slgtﬁgﬁé%gqr haps ghthes stem cel |
that has bee ahérQAsatP%Qucfo [t hi?@i&%@% ésCaré br%ét\:'& 2096 Qhad ceflchirhRat has all

of the characteristics of. nest ositive 25 staining, nestin gene

expressi on, ephdikefiatTHey ai@appe@amlate@ S0-ab0 ungin diangert (€smpaiedlo her ation in
culture, and the ability to differentiate into pseudo-islets in culture. A
"liver" 3$emarelage digmeter af é@%wmcf@w in sityasletihandowaeroidsiolfarmed from i ver
tissue and/or a Cff llanggat has % e ch ar a ter stics, of

-positive stainin ASSH & grgﬁeés té’iB? BESHSH, r%{ﬂ%wp%ﬁéte{rb?% %?IBI feration

in culture. tissue sample and separating away other cells Wthh are not stem cells of the

tissue. An isolated stem cell will be generally free from contamination by other
cell types and will generally have the capability of propagation and differentiation

20  to produce mature cells of the tissue from which it was isolated. However, when
dealing with a collection of stem cells, e.g., a culture of stem cells, it is
understood that it is practically impossible to obtain a collection of stem cells
which is 100% pure. Therefore, an isolated stem cell can exist in the presence of
a small fraction of other cell types which do not interfere with the utilization of

25  the stem cell for analysis or production of other, differentiated cell types. Isolated
stem cells will generaily be at least 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%,
95%, 98%, or 99% pure. Preferably, isolated stem cells according to the
invention will be at least 98% or at least 99% pure.

A stem cell is “expanded” when it is propagated in culture and gives rise by

30  cell division to other stem cells and/or progenitor cells. Expansion of stem cells
‘may occur spontane(;usly as stem cells proliferate-in a culture or it may require
certain growth conditions, such as a minimum cell density, cell confluence on the
culture vessel surface, or the addition of chemical factors such as growth factors,

differentiation factors, or signaling factors.
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A "progenitor cell" is a cell that is derived froma stemcell by
differentiation and is capable of further differentiation to nore mature
cell typewoor/dgsused herein, the term"insulin-produci ng bet/asaedsbldr refers
to any cell which can produce and secrete insulin in a simlar anmunt to

t hat produced and 13 WO 01/39784 PCT/ US00/ 33031 5 secreted by a beta cell
of the islets of Langerhans in the human pancreas. Preferably, the
secretion’of i nsd} SRTOSFLaprogemtor Fﬁlaﬁé&%ﬂﬁ@t@e@g ig etrgnsplantedsgr 1 equl at ed
inasimlar« [,00pt: | QF i |4 L eti ; human
beta cell in Ln?%t@?p@o?&g%gﬁ%{l%?%ﬁéduﬁ?sngésngg‘{}%? i%&gﬁgﬁﬁ 5 Vggéeg%m?r%l ated by
an i ncrease pafierdth@rgkplam@gors; A6 G Kieaéin Othni ifclhdkeths Glept bORoRUAE @RE Ng t he
insulin- 10 producing beta cell. "Pseudo-islet |ike" aggregates are
artificial aggdeerordsg brthe isightion srdirensfergng ¢hel stem well oo p eparpilorian f or m
and function ttheti il ets otf .Langer hans  of fIhe aEg&mcr elgs. Pseudo-li slet like
aggregat es aP8 ¥ et WGP AR AGYT ALY LAPTOTHEAT " CEOI f MBHED M8y are
appr oxi nmap el paBén b9 0njgAonbral &H@ﬁﬁfenﬁi_@ﬂ'i‘iﬁartl%jmﬁﬂnﬁl‘orll?atﬁi{@%@%féaﬂ' ameter of
100 gmfor in situislets) and spheroid in form "lIsolating"” a stemcell
refers to themplaotties 0bé celbmpss iny atissuewr argah of thermammalk orgmitientsanpl e and
separati ng avva%gothe cel.ls which.are not stemcells of %he ti.ssye. An
Usol ated st oRFHENPN g ¢ 595 Op@reaR AilhyA FalcWSPSn G SHHR AL TEN Y iNer  cel |

types and Wi lde penesaldnp Ry eod, hi GRReRIhidey b9ft]h@ﬁééﬁqg%é 081 Adside .
differentiation 20 to produce mature cells of “the tissue fromwlsﬂlch it was
i sol at ed. Howew easticulaetissud enbighny ad b the abdllity e thearellad fiatl and betdtsined. 9., a
culture of stemcells, it is wunderstgod that it is practically inpossible
to obtai hSa OFIthedssitehtasget Ssmim s orga. Inhedsss wheraosdssplanted kel Brtere, an

i solated stemgel: . ex] LAt e : I 4] I f ot her
cell types W?]% Sc(ﬁé 153%%@{&?95? %Crabgrrl’épvg\na Y %ﬁé&gp{) lflczegtlﬁtgﬁa tEJS u‘é%ccﬁljﬁ&eﬁlglfem cel |
for anal ysi s sifiplprigetied intnthefblaidegeam o thé eiehdsi thé epabiity td este td gl at ed
stemcells will generally be at |east 30% 40% 50% 60% 70% 80% 85%
90% 95% 9dosiresrtargoeIpdire. Preferably, isolated stemcells according to
t he

Transplantation, as used herein, can include the steps of isolating a stem
20  cell according to the invention, and culturing and transferring the stem cell into a
mammal or a patient. Transplantation, as used herein, can include the steps of
isolating a stem cell accofding to the invention, differentiating the stem cell, and
transferring the stem cell into a mammal or a patient. Transplantation, as used
herein, can include the steps of isolating a stem cell according to the invention,
25  differentiating and expanding the stem cell and transferring the stem cell into a
mammal or a patient.
A “transplant graft” as used herein refers to at least 10° stem cells according
to the invention and up to 10° or 10° stem cells.
Treatment with an immunosuppressive agent can be accomplished by
30  administering to a patient in need thereof any agent which prevents, delays the
occurrence of or decreases the intensity of the desired immune response, e.g.,
rejection of a transplanted cell, tissﬁe, or organ.
A/s used herein, “immunosuppression” refers to prevention of the immune

response (for example by the administration of an “immunosuppresive agent”, as
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invention will be at |least 98% or at |east 99% pure. A stemcell is
"expanded"” when it is propagated in culture and gives rise by 30 cell

di vi sionwoons4res stem cells and/or progenitor cells. Exppapiso/azh3istem
cells ,my occur spontaneously as stemcells proliferate-in a culture or
it may require certain growh conditions, such as a mninmumcell density,
cell confluence on the culture vessel surface, or the addition of chem cal
factors sachﬂﬁ “eéqumlﬂ) Sfuﬁglﬂlﬂ@f} “InynpRGIeERASay Ao ACHIEAISFUD, 19ROt gnal i ng
factors. 14 39 JSQ ” 'Eﬂﬁggﬁ . ptor cell, or
differentiat \eé\ge%é{ﬂ% %gﬂﬁf{afﬁa%\ésljgl g’?\%ég gnor(&'a'ﬁrll ro uggggbnslﬁg&gmrlmmml when it
i's transferr gdmunermsportelis nstelcwetdRl. Amindmane Repdrea{for Exansp teambgibihton, as
used herein, can include the steps of isolating a stem cell according to
t he i nventi ofelag@nior apshasiyriredpcting) 1§td@mu§=é|accqr<gmé tamethedavelrkngwnpat i ent .
Transpl ant at i,0n aanrglde vo%}{e transferring a stemcell into a manmal or a 10

patient by iﬁljleeac ron or “a g suspension into the mammal or patient,

surgi cal 101 nmpl antmhinGRosRbpRsEet! acdiB@hg tB kR RAvEdtonUlsPhesdaRIRf intie manmmal
or patient, or perfusion of a tissue or organ with a cell suspension. The

route of transfuerentaef thhenmyne mspetse apcompand 5t @mt aitei dr, trapsplantbe det er mi ned
by the need for 1’[3{2% c%:al -to reside.in a. particular tissue or organ and by
the ability GTCRIAYE REDAS B TETHYPIANIMERIOSKEATTRAYF A8SnbyT £ HEAN r ed t ar get
tissue or or gafhiediindtMgs GaRarMeRL e WilhIRALHAMM A% £& limhinbRBeichfi de in a
particular location, it can be surgically placed into a tissue or organ or
si nmpl y i nj ecbhodddiitoo “inreuddpovidsgedsaan defintdbereial |A Helay irhtheoapatinke b to
mgrate to the. desired target organ. nspl antati on, as used herein, can

T
i nclude the &t EpBupt rqsgfeﬂsat%eeasl;%,ftréﬂ?laégorc%qafnpéec%rkﬂ dystie-th: Tnvent i on,
and culturl ngr 20y A0SHEY 4 B8 obARrALED %h‘lén%r%grgstélacg@%;@% B Bapat 1 et

Transpl antation, as used herern, can iInclu Isolattng a stem
cel | accor di delay,dot eaniply,d0tdags.| 0 §iedrk €t B0 dulyb, ) ddye, Ft @1y CE80l daygnd
transferring the stemcell into a mammal or a patient. Transplantation, as
used herein2 tahlQwartlde the steps of isolating a stemcell according to

the invention, “Immunosuppression” according to the invention also means a decrease in

20  the intensity of an immune response. According to the invention, the intensity of
an immune response can be decreased such that it is 5-100%, preferably, 25-
100% and most preferably 75-100% less than the intensity of the immune
response of any one of a transplant recipient that has not received an
immunosuppresive agent, or a transplant recipient that has been transplanted with

25  material that is not “immunologically blinded” or “immunoprivileged”, as
defined herein. The intensity of an immune response can be measured by
determining the time point at which transplanted material is rejected. For
example, an immune response comprising rejection of transplanted material at
day 1, post-transplantation, is of a greater intensity than an immune response

30  comprising the rejection of transplanted material at day 30, post-transplantation.
The intensity of an immune response can also be measured by quantitating the
amount of a particular antibody capable of binding to the transplanted material,
wherein the level of antibody production correlates directly with the intensity of

the immune response. Alternatively, the intensity of an immune response can be
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25 differentiating and expanding the stemcell and transferring the stem
cell into a mamml or a patient. A "transplant graft” as used herein
refers towabvibeast 105 stemcells according to the invenpcDos@mioslp to 108
or 109 stemcells. Treatnent with an i nmunosuppressive agent can be
acconplished by 30 admnistering to a patient in need thereof any agent

whi ch preyents el .ays, t he urrence of decreases the intensity of the
desired i ﬁ’éears‘é@ﬁg&éi@te“@m@ng the tigeRqItE, Wg‘FChaa PHAERT anibedy emable of; ssue,

" f t reventi on of the
or Ofga”responseﬁ% %@'tr@nrgp%d{'éag&gt%ﬂa%géé&t%‘ refers to preventi

i mmune or exa mnistration of an "i nmunosuppresive

agent”, as 15 WV&bhSSiradgiBCad 50133084 utifizedefdi eduhe@sipprRysisuClort hat an
“i mune response”, as defined herein, is not r detectable. As used herein,

"prevention” ees#malﬁ ihewpelferatiop and activity o8 lmphqcm fen beubihited gererpldy

det ect abl e. enss X ranspl an rejection or

ant i body procyV 44%}{?%”&? Bt ec a’c%l z%cggr ?YCEC?TS'B?IH @657 | -known in the
art and def i n@ehuns&Ripessile agéWR@&H&ﬂfo@ﬁBle%&ate@?@é)troCHdPanffsQr kie invention
al so neans a delay in the occurrence of the i mune response as conpared to

any one of a antbasypbunhtas an@oiifiAROS nivapcihaal antbodye oeanahieranmpound

I nmmunosuppr esi.ve a a trans | ant ec has Dbee

transpl ant ed "W ?ekh %é(tsé’rﬁuétlrac? fateer g ﬁ&fans‘?l?mﬁ%g?lﬁ dcthf”ie re B?Wdﬁ’ifég"" ek

i munopri vi legedally Asistaé td‘t%@ uﬁﬁfuﬁb stte?ngﬂh%%okﬂ‘ the occurrence of 15 an

i mmune response car be a short delay, for exanple 1hr-10 days, i.e., 1 hr,

2, 5 or 10 daysAnA‘itelwpsuppredseeagentl isemyegerdt that prmmtsedelemhase can al so
be a Ion delqy for exanpl e, 10 days-10 years (i.e., 30 days, 60 days, 90
days, g 3 dayse rience of oryeqy Cei@’%ﬂ@%ﬁlélyo"an%mﬁ‘%?dﬁﬁ@%‘g@ﬁ“ EGEYi ng to the

vention alg telhmeéﬂastgqagtgﬁn& Subilpl ARl PRIERS! 4 i ABlgBHAGe " eSPonse.

According to i nve ensity
agents which suppress cell-mediated immune responses against cells identified by

the immune system as non-self. Examples of immunosuppressive agents include
but are not limited to cyclosporin, cyclophosphamide, prednisone,

20  dexamethasone, methotrexate, azathioprine, mycophenolate, thalidomide, FK-
506, systemic steroids, as well as a broad range of antibodies, receptor agonists,
receptor antagonists, and other such agents as known to one skilled in the art.

A “mitogen” is any ageht that stimulates mitosis and cell proliferation of a
cell to which the agent is applied.

25 A “differentiation factor” is any agent that causes a stem cell or progenitor
cell to differentiate into another cell type. Differentiation is usually accomplished
by altering the expression of one or more genes of the stem cell or progenitor cell
and results in the cell altering its structure and function.

A “signaling factor” as used herein is an agent secreted by a cell which has

30  an effect on the same or a different cells. For example, a signaling factor can
inhibit or induce the growth, proliferation, or differentiation of itself, neighboring
cells, or cells at distant locations in the organism. Signaling factors can, for
example, transmit positional information in a tissue, mediate pattern formation, or

affect the size, shape and function of various anatomical structures.
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an i mmune response can be decreased such that it is 5-100% preferably, 25-
100% and nost preferably 75-100% 1| ess than the intensity of the imune
response voo omsyysone of a transpl ant recipi ent that has nopCT/@s@iisexi an

i Mmunosuppr esi ve agent, or a transplant recipient that has been
transplanted with 25 material that is not "imrunol ogically blinded" or

" m"runopr'évi | eged” defi ned hﬁée n. The intensity of an i ne response

,a
can be measured b%ﬁusa‘ipﬁﬁﬁfﬂ’ﬁinﬁ?érw i Ay imAmEe lﬁﬂi“élﬁgtbiu%%t mifRded
material is &@hﬁﬁaﬁ%mﬁerrat %ﬁ%gp}n%nk%n bwﬁsnmam%?%rgeom'o%;)&g rej ection
of transplanted mat’er | al § transplantation, Ts of “a greater
intensity than amimmhnanarremm@nﬁie’ 3Qugpdrherdis,i refgrd toany eja@halalatof not a

transpl anted material at day 30, post-transplantation. The intensity of an
i mmune resp0|1i‘§@aean al so be rreasured by quantitati ng the anount of a
particular antib Lo n nt a

wherein the Ieve;ACL Sg@H?QLC)dy Oﬁr ?ecg%Poc rr%té§al dS1 rrlte@fglflggg%ﬂ]het he

i ntensi t yoof sath@epdcigune response. AI ternatively, the intensity of an

i mmune response can be 16 WO 01/ 39784 PCT/ US00/ 33031 5 neasured by

det erni ni ng t he #istse@bemgin, gisogdnesh r%felpaﬁpf@ml@ntlgaiigﬁm;ﬁonﬁmﬂmre of

bi ndi to the t t ed . mat l, det e trat d
agent s can be. ut F1d SRITTER: | TIRUpAF BEORC gs of BUHRL PR o

proliferation anhsagbd Wededh, Géulﬂu)ﬁﬂghfé%ﬁ ?@p&?ﬁ‘ga@ﬂg!o‘?lﬁhmﬁ ggnerally with
agents such as, for exanpl &, FK-506, or cyclospofin or other 10

i mmnosuppresslilqpeoa@éntlls tigguet drenrgqno by invubatgty fat egyriodof tomadnami st er an

anti body, _such .as an_anti - GAD65..nonocl.onal anti hod or anot her conpound
whi ch madks AMEETARNL %P?‘ggﬁo’&htl‘éf‘st‘?’}&ﬁ}%?pé’ﬁﬁéﬁﬁé’égﬁl lity 0 PERag B e renders

the cell  pragifAAk b indMids bR & fBre &8hd YA gﬁéi e;?rgﬁfepaﬂﬁlga
i Mmunosuppressive agent” I's any agent that pre ents ays t
occurrence otelgreotledisnest cthe tissueporsiryn ma‘coﬁnngmrhamvreemﬁl on against a
foreign cell in_a host, particul arly a transplanted cell. Preferred are
i munosuppr essi véh eH{j@ﬁ‘t‘%’WﬁEﬂ?V@beW aﬁ@‘l‘@“ﬁ%ﬁ&@é‘éﬁlil?ﬁmm%‘%onses

agai nst cel | §;d000h G of the invention admixed with a physiologically

20  compatible carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B show dual fluorescence immunocytochemical staining
of rat pancreatic islets at embryonic day 16 (Fig. 1A) and at day 60 after birth
25  (Fig. 1B). Immunostaining with an antibody for nestin is shown in white (red in
the original, with Cy3 as fluorophore) and with’ an antibody for insulin is shown
in grey (green in the original, with Cy2 as fluorophore).
Figure 2 shows the result of RT-PCR performed using mRNA obtained
from 50 rat islets. Forward and reverse primers are indicated. The single band of
30 834 bp was sequenced and identified substantially as the sequence for nestin.
Figure 3 shows nestin-positive cells that have proliferated out from a
cultured rat islet.

Figure 4 shows the development of islet like structures in culture.
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the i Mmune system as non-sel f. Exanpl es of i mmunosuppressive agents include
but are not limted to cyclosporin, cyclophospham de, prednisone, 20
dexanet hasone3978et hot r exat e, azat hi opri ne, nmycophenol at e, p¢hvakoodsniide, FK-
506, system c steroids, as well as a broad range of antibodies, receptor
agoni sts, receptor antagonists, and other such agents as known to one

skilled ip the art. A "mtogen" is any agent that stinulates mtosis and
cell prol ?f erati SHEWE Sém"ff% er?%‘“\?\/ﬁ?@ﬁ'g(g% agglyis of wlehhike stwpcturss A

"differenti aty q - : t R r progenitor
cell to diff g?@%?qeggﬁeg‘glﬁr%%ﬁg%ﬁgg%g@lq‘i}?yaﬁgw%%?‘%@gﬁﬁ%%lﬁa?s usual |y
acconpl i shed defeytedl t eri ng the expression of one, or nore genes of the stem
cell or progenitor cell and results in the cell altering its structure and
function. A "sighasura§ shaws testimelation@f Restis RN expresgiontdydegh et ed by a
cell which ha 0 ffect on the same.or a different cells. For exanple,
a signaling ﬁ%%?%?‘%g%%\vﬁﬁ¥%Pngﬁs?ﬁ ﬁ%g'the grow h, proliferation, or
differengpati on @hgirt 964 the aR£hOIHI@bADBuclERldeSequdhe&Ifingstat di st ant

| ocations in the organism Signaling factors can, for exanple, transmt
posi tional infor kegures depicts exprssien ofihdinatral gamtagt rspémfiaratarksn pessin inaf f ect

t he size, shapg and funct%&n of. various.an?toni al structures. 17 WO

01/ 39784 PCTAUSHBFRSHPePutatiag withuypansreatif slefs Andeteimpedt®t s to any mamml
i ncl udi ng bumpRhodytBiHeaHsthPor RITMER, MOUSe, rat, sheep, nonkey, goat,
rabbit, hanmster, hdrse, cow or pig. A "non-human manmal ", as used herein,
refers to any makigire O hlapicisshaattedzationrd mestAsinussend céibriglated frall thgenei ¢

refers to_genetically different nenbg&g of the 10 sanme species. As used
her ei n, 4?so@@ﬁ%ﬁ@*WWE?@@§m¥@c¥W“‘%V? REER- genetic constitution. As
used herein, * Xerﬁf?%ﬁ@‘?b {epit fe?;ér%ssti&l SRS o hirfhrOteld B3 8NtaggPEC! €S, AS
used herein, "culturing” reters to propagating or nurturing a cell,
col I ection ofprapghdagon i g isklet-lik¢ gastershierived bt iesgn-bositiee Rt od of tine
in an :

progenitor cells (NIPs).

Figure 11 demonstrates localization of nestin-positive cells to localized
20  regions of the ducts of the rat pancreas.
Figure 12 depicts alternative models for the origin of pancreatic duct cells
that are progenitors of islét endocrine cells.
Figure 13A and B depicts immunofluorescent staining of nestin positive
liver stem cells.
25 Figure 14 depicts the sequential appearance of transcription factors during
development of the murine endocrine f)ancreas.
Figure 15 depicts expression of neuroendocrine, exocrine pancreatic and
hepatic markers in human NIP cultures containing stem cells.
Figure 16 depicts eyépression of proglucagon and insulin mRNA as

30  determined by RT-PCR.
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15 environnment and under conditions which support cell viability or
propagation. Culturing can include one or nore of the steps of expanding
and prol Wweoasd7?eg a cell, collection of cells, tissue, opcDUg@rs3azicordi ng
to the invention. The invention also provides for a pharnaceuti cal
conposition conprising the isolated stemcells of the invention adm xed

i th a physiol ogical | y 20 tible carri , | PTION OF THE
DRAW NGB i gur 9. 14 aREzs ISR RestRf ik B tHENYESITAN ochom ca

staining of rat qpa gé“ bl oSk RE S, I ¥@Nis61 BcibHd ) and at
day 60 after birth ok S?‘%‘S‘?e‘ﬁ”‘ajé?‘?“?? %%%tﬁ%%%ﬁ nfusﬁé‘%?m%tsrjﬁ’ ‘iaﬂ% éé‘%ﬂagso y for
nestin is shawxal cellgMiobethernsets iofi Lahgeehams iof masdmaliahtpanédya tast Haveeieophor e)
and with an antibody for insulin is shown in reY (green in the original,
with Oy2 as fivifseayisat @olequiaycharastestinge i stem sellsuln pasticydr, fese pavlyor med
using NMRNA o LN r.om. rat slets. rward and.revers rinmers are
i cat ed. RSO e Bl Seh ey 3ol R R bl My R BRI o

subst ant i@l | preferablyllSEY UGRER-positive eftritl, nEétidde 3xSaén, Ro®kEMAtiRQSI tive
cells that have proliferated out froma cultured rat islet. Figure 4 shows
t he devel opnangatyk siagiieg, lpngkiermiproleieration in pulpue,.tand ¢he abilgtywp 01/ 39784

PCT/ US00/ 330 5 Figure 5 sho the .results of -P nal ysi s of

sl et- i ke sl ehRpd BIE i GURRr By PUR SR YRR and
cytokerati n- 1@t GKd B erWR8s tHd€EQRHie Hestinl BdliR e Staiigyys the stinmul ation of
nestin MRNA expression by high glucose. APRT was exam ned as a control. 10

Figure 7 is the ambmoeraodimani theliolevivh geosdayiseame esllsdbr mestdtnof Fi gure 8

depicts pression of the neural stemcell-specific nmarker nestin in a
di ti not Lgel EPRISHP Y rr@ﬂ!%& Wﬁl%ﬁﬂeﬁew pell -a§|r%31%°eg§na@@@aﬂaﬁr}wefa%9

I mmunocyt oc h%@uﬁh-rdlépé?{demdi%s and other forms of diabetes as well as the

development of research tools to study the onset and progression of various
diabetic conditions, hormonal abnormalities, and genetic diseases or conditioné,
such as the association of polymorphisms with particular physiologic or

20  pathologic states. The stem cells of the invention can also be used to carry out
gene therapy of endocrine pancreatic or other tissues in isograft, allograft or
xenograft transplantations. Further, the stem cells described herein can be used to
produce recombinant cells, artificial tissues, and replacement organs in culture.
They can also be used for the ex vivo production of insulin and other hormones.

25  Molecular characteristics of pancreatic stem cells discovered by the inventors,
such as nestin-positive and cytokeratin-19 negative staining, or liver stem cells,
such as nestin-positive staining, can be used in various diagnostic, pathological,
or investigative procedures to idenﬁfy, localize, and quantitate stem cells in
tissues from a patient or experimental animal.

30

-Identification of Stem Cells in Pancreatic Islets

Previous investigators have focused on ductal epithelial cells of pancreatic
islets or exocrine tissue as a possible source of stem cells for the neogenesis of

islet endocrine cells. Nestin is an intermediate filament protein that was cloned
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Figure 9 depicts characterization of nestin in stemcells isolated fromthe
15 pancreas by i mmunocytochem stry and RT-PCR. Figure 10 depicts expression
of honeodwomai/se7ps ot ein 1 DX-1 and proglucagon in human i sperAkokB0zIl ust er s
derived fromnestin-positive islet progenitor cells (NIPs). Figure 11
denonstrates | ocalization of nestin-positive cells to |localized 20 regions

of the ducts,of the rat ncreas, Fi e 12 depicts alternative nodels for
Che ori gif ofVSSiEBEe DRI bogeliPe ELnat SaPRORPaerTeRI-LoTt an dody
endocrine celyls . 4R A4 @ olBrr] KIEP| 551 b fhu c : i ni ng of
nestin posi tive i ver(ﬁgt em @g{j@ 25 %Sgur%qaliga ef)?%t ﬁ%gng%%enti al
appear ance ofpritiaaihys foung in neurdepithelis sthut celly and evedpogeahin thé dévedoping | ne
endocrine pancreas. Figure 15 depicts expression of neuroendocrine,
exocrine panCrus nervantsyskapafifter maxiruyslevels grargachd m thelraigmakrye 8ht ai ni ng

30 det or m ned By i BRI G G30hIR uRlo BBty USRATR BB E S T S
DESCRI PTEON Chrtdlcoiniy R NteFena b Ffepditiatiby 6NéRlysnebmy-exprdsid f i ed and
i sol ated a special subclass of ductal cells fromthe islets of Langerhans

of mamal i an ppeaseiterseslls Haandplded ak hlP90). uNegtinowes| indiatly fwindcaxchsively in

characteristics of stemcells.. I.n partigcul ar ne dj scovered
pancreatic sC&Mm &&F Ioi?hgre_ %&ﬁ%{}l%éf"e‘fﬁ?g%gﬁamﬁd s%?%%%?ws@ﬁ?%rﬁaﬁg?t@f( and 10
preferably alibo®f Jiatd? @Rkl 1RPSibl EstHL it vRSheuAE Stkintel§ REtHEX PT €SSi on, _
cytokeratin-19 'negative staining, long-termproliferation in culture, and
the ability tebepdndyieal dayer af the adulompseualmnifeiebtagn (Momshiadiat el., I89¢).pr esent
inventorfsha also..identiffed liver cells that exhibjt nestin-positive

I n

stai ni ng’ n-gRitYs Hemeells bayeibegashqvghtoheduipatentiabfyeaayhed f or 4

variety of  jsolated from adult mice or rat brain. For example, nestin-positive stem cells can
generate all three major classes of neural cells in culture: neurons, astrocytes, and
oligodendrocytes (Reynolds & Weiss, 1996). Nestin-positive neural stem cells
respond to spinal cord injury by proliferation and degeneration of migratory cells
20 that differentiate into astrocytes, participate in scar formation (Johansson et al.,
1999) and restore hematopoietic cells of the bone marrow after infusion into

irradiated mice (Bjornson et al., 1999).

Characterization of Stem Cells
25 Stem cells acéording to the in‘}enfion can be identified by their expression
of nestin by, for example, FACS, immunocytochemical staining, RT-PCR,
Southern Northern and Western blot analysis, and other such techniques of
cellular identification as known to one skilled in the art.
Immunocytochemical staining, for example, is carried out acc>ording to the
30  following method. Cryosections (6 uM) prepared from pancreata or liver, as
well as cells, are fixed with 4% paraformaldehyde in phosphate. Cells are first
blocked with 3% normal donkey serum for 30 min at room temperature and
incubated with a primary antisera to the protein of interest overnight at 4°C.

The antisera is rinsed off with PBS and incubated with the appropriate
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15 applications, including but not limted to cellular replacenent therapy
for type | insulin-dependent diabetes and other forns of diabetes as well

as the oeoel/syeent of research tools to study the onset poduUpesgpassi on of
various diabetic conditions, hornonal abnormalities, and genetic diseases
or conditions, such as the association of polynorphisns with particul ar

physi ol ogic 20 t gic states. .The stenlcells of the |nvent|on can
al so be used &&?alyq&ﬂe $enBdary aptissta B LB At ifPRM SeARSTaHES: ¢ Skifesot her

tissues in | %Peg{h@%%éxsﬁéd' Qh s co%@x@ﬁ&%egf\knﬁ‘h B%@é&ﬁ%&%ﬁﬁéwﬁtﬁgﬁ her, th

stemcells descri ereln can e use pro uce reco

artificial tiKikemardnd Papy dabsTeGdithersyans MD) CBlubtéseence Tigges @d al so be
used for the ex vivo production of insulin and other hornones. 25 Ml ecul ar
char act eri st PB@insd ysigcr deiss Epé‘ﬂ@msww smei%waq@cpw withear} @penmiey s, such

o5, 1St PoSi ¥ e el e RSSO YEuSh 2L e Blscs

cells, such as nestin-posi

di agnostilg, PaWBAVIR®TCE instafled MMQPtILeﬂﬁSpeﬁﬁ‘uﬂré?ﬁgﬁgWs%&ﬂaﬂe (santify,
| ocal i ze, and quantitate stemcells in 'tissues froma patient or

experi ment al Amalyigs Cogo Yigema.iYALati on of Stem Oel s in Pancreatic Islets
Previous investiggtors have. focused on ductal eI| cells of
pancreatic islet 2‘“@ efék‘é‘é‘?# ﬁ%cotrﬁﬁggﬁ%qlﬁs‘n‘ée%%\? 3?1(1,%“”81% TOEt cel | s
i1 ament profmrne o pa LB R B B A It RSB o8 °

[ [
screeni ng a MDA rhblit polyctonamnBserd to adt nestor yrastoiDX- la(prapacd ynal  ant i body

naned R 401 (Hockfield 1985; Lendahl et al., 1990). Nestin was
primarily> foﬁmﬂ‘upﬁa%%‘ﬁr%égg‘?‘ﬁe‘f“}t%P purifgd G 1 -mestindusion piqieias dbe fagt t he

devel oping _GeOLE ahiREIALS SYBORM, (ALkeh ARXMUNDARKELD, 366, ieached in the

rat enmbryo at nestin expressi on ecll es to al nobst’ un ét ectabl e

| evel s in adiNeursei. £09:8004-201 DX pigainticindilingand dri-pikcroatiel
differentiation of early nestin-expressing progenitor cells (Lendahl et

al ., 1990). RelPeRiidgeaatipernt pRpIngd figghbine@ciudihaley, M, and mouse

antiglucagon and rabbit antisomatostatin antisera, purchased from Sigma (St.
20  Louis, MO) and DAKO (Carpinteria, CA), respectively, mouse anti-human

ga;lanin (Peninsula Laboratories, Belmont, CA), collagen IV antisera (Caltag

Laboratories, San Francisco, CA), mouse anti-rat MHC class I serum

(Seroteck), and antirat MHC class II serum. The invention contemplates that

other antisera directed to such markers is available, or will be‘developed. Such
25  other antisera is considered to be within the scope of the invention.

RT-PCR and Southern blot analysis are performed according to the
following methods. Total cellular RNA prepared from rat or human islets is
reverse transcribed and amplified by PCR for about 35 cycles depending on the
desired degree of amplification, as described previously (Daniel, et al., 1998,

30 . Endocrinology, 139:3721—3729). Oligonucleofides used as primers or
amplimers for the PCR and as probes for subsequent Southern blot

hybridization are:
Rat nestin: Forward, 5’ gcggggcggtgégtgactac3 "

22



stemcells of the enbryonic devel oping brain and skel etal nuscle (Lendahl
et al., 1990). Later studies identified nestin-positive neural stemcells
in the sybepesdysal | ayer of the adult mammal i an forebrai rPCT/AboEBeRd et
al., 1994). 15 Nestin-positive stemcells have been shown to be
pluripotential even when isolated fromadult mce or rat brain. For

exanpl e, gesti n- positive st %{?é(cel | s, can enerate all %hree maj or cl asses
of neural”cells in culture: GF6n ,ag%@@g&gﬁ%gg,gaaﬁgatgt bi godendrocyt es
(Reynol ds & Weiss, 1996). i htEs ond to
spinal cord injury by prol i?N%gﬂart{h'll%ﬁ%g’n%$§%ﬁ§%g€d§a%§&o@%¥agﬁa§%@§ cells 20
t hat differemRat &tmtinflbo ast rlacywhek 5 pagdcagiapadaegace3gcar formati on
(Johansson et al., 1999) and restore henatopoietic cells of the bone
marrow after infusion into ReveEsi acteetrgcacgerrgiddson et al ., 1999).

Characteri zation of Stern . .St epy o i.n e i nvention
can be identified by thei rogypbﬁédgzgﬂno%’ mo%‘cg%héczatc?cﬁggécf%h\g%r&%%éaaﬁp'l e, FACS,

i mrunocytiochaat SREAMI ai ni Ng,ForWakCRca %Itgtgb%{glﬂcdé@,{tgher n and Western bl ot
anal ysi s, and ot her such techniques og celTular identification as known to
one skilled in the art. | nmReyesseod Harctegigtegesitaghy, for exanple, is
carried out according to thel-? 3%.f§I | om ng net hod. Cryosections (6 M
prepared from pancreata or | XP& 1200, el | as cells, are fixed with 4%

par af or mal detgy;ggcd'agcégagggaaigqggtg%@@ggtrg%f_i rst blocked with 3 % nor nal
donkey serumfor 30 mn at roomtenpérature and incubated with a primary

antisera to tRaelPKelt ei n of iHorenslst aceetggaglagggaagtBC. The antisera is
ri nsed of% with PBS and i nct#)at ed with the a%gpri ate 21 WD 01/39784
PCT/ US00A33031 5 f1 uor escenta'§sFab8FRefaeaits y antisera for 1 hour at

roomtenperature. Slides ar q{}tg;gﬁ a\(ygﬁ’hggcég%%ﬂ&g’ér%gﬁggg%yover slipped with
err s,

fluorescent nmounting nmedium °(Kirkegaar Gai t her sburg, MD).
Fl uor escence Humepasesdn:e obtRorwed, Gxigagegradeicgafpi;f | uor escence m croscope
equi pped with an Optronics TEGC 470 CCD canmera (Optronics Engineering,

Gol eta, CA) interfaced wit Rexyerse, 5’ctgaggaccaggactctctal’;

Hybridization, 5’tatgaacgggctggagcagtctgaggaaagt3’.
20  Human keratin: Forward, 5’cttttcgcgcgeccageatt3’;
Reverse, 5’ gatcttcctgtecctegage3’;
Hybridization, 5’aaccatgaggaggaaatcagtacgctgagg3’.
Human glucagon: Forward, 5’atctggactccaggcgtgee3’;
Reverse, 5’agcaatgaattccttggcag3’;
25 Hybridization, 5’cacgatgaatttgagagacatgctgaaggg3’;
Human E-Cadherin Forward, 5’ agaacagcacgtacacagcc 3’
Reverse, 5’cctccgaagaaacagcaaga 3’
Hybridization, 5’ tctcccttcacagcagaactaacacacggg 3’
Human transthyretin Forward, 5’ gcagtcctgecatcaatgtg 3’
30 Reverse, 5’ gttggctgtgaataccacct 3’
Hybridization, 5’ ctggagagctgcatgggctcacaactgagg 3’
Human Pancreatic Amylase Forward, 5’gactttccagcagtcccata 3’
Reverse, 5° gtttacttcctgcagggaac 3’

Hybridization, 5’ ttgcactggagaaggattacgtggegticta
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10 Power Mac 7100 installed wth I P Lab Spectrum anal ysis software (Signal
Anal ytics Corp, Vienna, VA). Antisera useful according to the invention

i ncl ude tweof/sd78owi ng: nouse nonocl onal anti bodi es to hurenusywskaratin 19
(clone K4.62, Sigma, St. Louis, MD), rabbit polyclonal antisera to rat
nestin and to | DX-1 (prepared by 15 imuni zations of rabbits with a
purlfled nestin fusion protein or the last twelve amno acids of rat
IDX-1, re eétlvel y) (McManus et al., 1999, J. Neurosci., 19:9004-9015),
guinea pig a 5 3 zantisera, obtained
from Li nco, gdmd Char | Eg@%ﬁ%g%g@eg kgaaé?(%l g&%ﬁ{ at?lg rabbi t

anti somatostatin antisera, purChd&edrsérD’m@agmdg&aga&®3LOUI s, MO and DAKO
(Carpinteria, CA, respectl vely, nouse anti-hunan C@gtpl anin (Penl nsul a

Labor at ori es, Bel nont, col | dhdridizatigny § sagtiagqctipteicgteceigienten dri es, San
Franci sco, gﬁ@ at S | erateck), and antirat
MHC cl ass |1 C@sué?% R%BB*]\}Eentl (I\)Ar?%(r:‘g!ri]@é% tt?%%%a&§ go@h%r antisera

directedipo such markers is avai [RebbSe, yrgtvgab(tat@ca@g kaped. Such 25 ot her
antisera is considered to be within the scoge of the Invention. RT-PCR and

Southern blot analysis are perf ofhbagidizationdd ngjcagotatpragatggtdacaganeraget hods.
Total cellul gl; RNA prepared fromrat or hunman islets is reverse
transcri bed and anplified by PCR for about 35 cycl es depending on the

desired degr ¢pinfn BERhddytCaldWRA, Fa@g},rgﬁg}p&l bed previously (Daniel, et al.,
1998, 30 Endocri nol ogy, "139: 3721-372 i gonucl eoti des used as primers or

anpliners for the PCR and as prob’eswindr S5 gosemaentagSotggh®r n bl ot
011307841 CT] U500/ 33031 5. Rover S6Voe LS e dRLGRAAGadggat gt 3 |
Forvard. 5 Sgggigié‘?i???géégiit AL ARGR SCepANAR Rl hRah 1 10
Human cMET (HGF-receptor)Forward, 5’ caatgtgagatgtctccage 3’
Reverse, 5’ ccttgtagattgcaggcaga 3’
20 Hybridization, 5° ggactcccatccagtgtctccagaagtgat
3
Human XBP-1 Forward, 5’gagtagcagctcagactgec 3’
Reverse, 5’ gtagacctctgggagcetect 3°

Hybridization, 5 cgcagcactcagactacgtgcacctctgea

25 3
Human Glut-2 Forward, 5’ gcagctgctcaactaatcac 3’
Reverse, 5’ tcagcagcacaagtcccact 3’
Hybridization, 5’ acgggcattcttattagtcagattattggt 3’
Human Insulin Forward, 5’ aggcttcttctacaca3’
30 Reverse, 5’ caggctgcctgeacca 3’

Hybridization, 5’ aggcagaggacctgca 3’
Other such sequences are possible and such sequences are considered to
be within the scope of the art. As a general guide, primers are selected from

two different exons and encompass at least one intronic sequence. In addition,
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Reverse, 5'ctgtgtcagcacgcacgttad'; Hybridization,
5'tggattccacaccaggcattgaccatgcca3d' . 10 Rat NCAM Forward,

5' cagcgt twygagagsccaaat 3' ; Reverse, 5 ttaaactcctgtggggtt gpGr/usS00/33031
Hybri di zati on, 5 aaaccagcagcggatctcagtggtgtggaacgatgat3' . Rat IDX-1
Forward, 5'atcactggagcagggaagt3' 15 Reverse, 5'gctact acgtttcttat ct3'
Hybri di za io Human nestin; Forwa

5' agagggg at QE&% ; tg%%gggggﬁgg‘grg‘%g“éﬁﬁ’&&éacp&%ﬁg’é’ 1@?%’(0&35 effFﬁiB‘I“F@h zati on,
5' tat gaacggggt g9R9¢Rf gﬁﬁﬁgﬂ%a%g%mc o 10WIRN S8He3 A 15%&&%9%

5'cttttcgcgcgcccagcatt evers atcttcctgtccctcgagce Hybri di zati on,
5' aaccat gaggégghanih cCEgtatsc hghose for :Huﬁmn Thk waAGOing t&ﬁped@ﬂhﬁh is 58°C

o' atctggactccaggcgtgcec3' ; Reverse, 5'agcaatgaattccttggcag3'; 25

Hybri di zat i ofor 13t e%xsg@aangaiét Ctgniegapainges BHEGEEZTS. Human E. Cadherin

Forward, 5' agaac ' cct agaaacagcaaga 3'
Hybri di zati on, %%??cccﬁicggngggéglggl%g?éacgcﬁaamﬁf&gﬁﬁ%ﬁ)ﬁ it Ognst hyretin
Forward, 16' ﬂﬁﬂﬂﬁ Coligmaabe@es Mg afe spelifldefoe ifCamplificd fudBed Sli@ ddhhpgeacct 3’
Hybri di zation, 5' ctggagagctgcatgggctcacaactgagg 3' Human Pancreatic

Anyl ase For W@malagas@t:ctlc&:h@w auptl yaed sire pBiparedy ef lweselegtiogand as ofcsichycagggaac
3y b 4 28kl isknoWh S 35k YRAGATPERI LR OO ouCat tota 23 WO 01/ 30784

For Southern hybridization oligonucleotide probes are labeled w1th an
appropriate radionuclide, such as y”’P ATP, using conventional techniques.
15  Radiolabeled probes are hybridized to PCR products transferred to nylon
membranes at 37°C for one hour, then washed in 1 x SSC + 0.5% SDS at
55°C for 10-20 min or 0.5 x SCC + 0.5% SDS at 42° for the human PCR

products.

20 Nestin as a Marker of Pancreatic Stem Cells
The inventors have now unexpectedly discovered that the pancreas of adult

mammals, including humans, contains cells that express nestin. Importantly, the
distribution of nestin-positive cells in the pancreas does not correspond to the
distribution of hormone-producing cells. For example, fluorescently iabeled

25  antibodies specifically reactive to insulin or glucagon labél the beta and alpha
cells of the islets, respectively, whereas the inventors have observed that in mice,
rats, and humans, fluorescently labeled nestin antibodies localize only to certain
cells of the ductular epithelium and not to alpha, beta, delta, and pancreatic
peptide producing cells in pancreatic islets (Fig. 1). The inventors also observed

30 that antibodies specific for collagen IV, a marker for vascular endothelial cell's,
galanin, a marker of nerve endings, and cytokeratin 19, a marker for ductal cells,
do not colocalize with nestin antibodies. Furthermore, the inventors have found
that nestin-positive islet cells do not co-label with antibodies for insulin,

glucagon, somatostatin, or pancreatic polypeptide (Fig. 1). This suggests that
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5 3' Human procarboxypepti dase Forward, 5' tgaaggcgagaaggtgttcc 3'
Reverse, 5' ttcgagatacaggcagatat 3' Hybridization, 5

agt t agactwovasgsect gcct gt gctca 3' Human Synapt ophysi n For rar/asoos33031
cttcaggctgcaccaagtgt 3' 10 Reverse, 5' gttgaccatagtcaggctgg 3'

Hybridi zati on, 5' gtcagatgtgaagatggccacagacccaga 3' Hunman Hepatocyte

G owh Fagtor, (HGF). Forward, 5' gcatcaaatgtcagccgct 15 Reyerse, 5'
caacgct gacat JyR&PELR-epntainip celly 3rg npispdogring & &dg‘ﬁ%?ﬁélsgﬁ%ﬂr@a"c"éééﬁaatcagg

3 Human c W@aéédﬁ?'eﬁ&&ﬂ&%q@ !E:%lgso %%@}es&ﬁ%ttﬂy BRAhAL L SR tHin thEEVer se,

5' ccttgtagattgcaggcaga ation,

ggact cccat ccageghatthas agaagiigadly béen disorbedXBFhdlinkattvdadye Sund nestin-

gagt agcagct cagactgcc 3' =~ Reverse, 5 tagacctqtgg(%agctcct 3

Hybri di zat i oP0sigve egllsdn ehecisletgar el g% lpsalezed segjens ahgpanqiais dapts:and
Forward, 5' t aat c ' Rever ' tcagcagcacaagtcccact 3
Hybri di zat i o%,&lﬁ'g&a%g%éé%%trggltof]gﬁglﬁteé%%ﬁ%tpgﬁ?ra%t 3" Human | nsulin Forward,

5' aggct 4ot t ct acgeRIxpreSoFeMRSES mNA GREBHGLileoM R icEted Uity RTH zat i on,
5' aggcagaggacctgca 3' Qther such sequences are E}os& bl e and such sequences

are consi der @€R with RN Aiftoni isolated recislsts (Hig. £heThe funclignal prppediealof gui de,
primers are Sn%ét?n(z}gc?sﬂi\;erp%nmcreatic cells were investigated using cell culture techniques
and by the isolation of nestin-positive cells from islets, both of which are
described below. _
15 The inventors have also discovered that the liver of rats contains cells that
express nestin (Fig. 13).
Cytokeratin-19 as a Marker for a Distinct Population of Duct Epithelial
Cells
Cytokeratin-19 (CK-19) is another intermediate filament protein. CK-19
20  and related cytokeratins have previously been found to be expressed in pancreatic
ductal cells (Bouwens et al., 1994). The inventors have discovered, however, that
while CK-19 expression is indeed confined to the ductules, fluorescent antibodies
specific for CK-19 label distinct ductal cells from those labeled with

nestin-specific antibodies. This suggests that nestin-positive cells in islets may be

25  adistinct cell type of ductal cell from CK-19 positive cells.

Isolated Stem Cell‘s from Pancreatic Islets and Their Use

Stem cells can be isolated from a preparation of pancreatic tissue, for
example, islets obtained from a biopsy sample of tissue from a diabetic patient.
30 The stem cells can then be expanded ex vivo and the resulting cells transplanted
back into the donor as an isograft. Inside the donor, they may differentiate to
provide insulin-secreting cells such as beta cells to replace beta cells lost to the
autoimmune attack which caused the diabetes. This approach can overcome the

problems of immune rejection resulting from transplantation of tissue, for
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two different exons and enconpass at |east one intronic sequence. In
addition, 24 WO 01/39784 PCT/US00/33031 5 an RT mnus control is run for
nost sanwes1/3PE€R anplification is effectuated at 94C f or paT/mBen/F30d1 owed by
94C for 10 secs, 58/56C for 10 secs, 72C for 1 mn, 35 cycles, and 72C for
2 mn. The annealing tenperature is 58C for rat nestin and 56C for the

remai ni ng_pri nmer pal{ For RT-PCR of nRNA ispl ated fron1a mammal that is
not rat of 1G*HORENSIER ﬁ%ﬁaeqhébmﬁwé@aﬂ Whp might sepeasthedenoy. heneanpl i fi ed

nucl ei ¢ aci d fi8fq ‘?of(ﬂ%%@énh@ﬂ HPEY caﬁoc%ﬁéf&% s‘f‘é?ﬁ'céﬁﬁseaﬁ o@\{i {ht%ﬁar ed. The

sel ection an§ use o riners I's to one s e art. For

Sout her n hybnré¢dhhigat k®be pérf(gﬁﬁdﬁﬂl entifoe tahe thedineninReletbriphimelgn
appropriate radi onuclide, such as y32P ATP, using conventional techniques.

15 Radi ol abelgéeletmtb@éﬁy af@ewamlmt%b@plmo P@Rerpthemaéslstamtrtaw@mm ed to nylon

menbr anes at C for our n_wa + .0 0. SDS at  55C
for 10-20 m Ak ool s et gmug BB T b ap Bptishe ik d S foduct s 20
Nestin agoa adkes %d@intd}@ﬂﬁﬁ;@ﬁ?'sﬁéﬁ&mo%ﬂ Whol& etk %Vtﬂﬁﬁt%rﬁFlﬁﬁ%ﬁ se|W
unexpectedly di scovered th he pancreas of adult manma i ncl udi ng

humans, cont akliscapalifferentiate iresipr ansldettersadant tolthgphost am‘tltqmndnhefor di stribution
of nestin-positive cells in the, pancreas E@' gt coryes ong.gg t he

di st ri but i on S MASr FROEINE WRERRTIRGE RIredreuiafion gy Prﬁ?‘élp SHENT y | abel ed
25 anti bodi eg.SREA IS Aot feeﬁd;hgv@thte%hyaétégicm MeddbPERGAR, |ARMert he beta
and alpha cells of_the islets, respectively, whereas the I nventors have

observed t hatembndimeneof thedneentiandottemphss thd wserof pasiatly iffabeisd sast i n
antlbodles localize only to certain cells of the ductular epitheliumand

not to alPha coletal/vaidPterampi (G B REREIEOpepls WBICHAEMOS SRy Is in
pancreatic '%ﬁ% ar{tgigx({ﬁkholt}]‘allfh%?ﬂér%ﬁergﬁt ?108%§§él¥aﬁlg/ltalgﬂg%&%%sam' bodi es

specific for co agen a narker for vascu ,
gal ani n, a na¥iked thefhosterAlehoiglitigsse odanl isogtaBie sddnh Bellk progemitdrikells,fodr duct al

cells, pseudo-islets is preferred, another embodiment contemplates the use of an
allograft of stem cells, progenitor cells, or pseudo-islets obtained from another
20  individual or from a mammal of another species.

In yet another embodiment of the invention, the stem cells are
immunologically blind or immunoprivileged. In one embodiment of this aspect
of the invention, immunoprivileged stem cells do not express sufficient amounts
of class I and/or class II major histocompatibility antigens (a.k.a. HLA or human

25 leukocyte antigen) to elicit an immuné response from the host. For example,
these stem cells, obtained from allogeneic or xenogeneic sources do not initiate a
host versus graft response in immunocompetent transplant recipients.

In another embodiment of this aspect of the invention, immunoprivileged
stem cells do not express class I MHC antigens and/of class I MHC antigens.

30  These stem cells, obtained from allogeneic or xenogeneic sources do not initiate a
host versus graft response in immunocompetent transplant recipients.

In another embodiment of the invention, human tissue grafts comprising

stem cells express both human specific class [ and class Il MHC antigens, but are

recognized by immunocompetent mice as self, and do not undergo host versus

27



do not colocalize with nestin antibodies. Furthernore, the inventors have
found that nestin-positive islet cells do not co-label with antibodies for
i nsulin, wbovagen, somatostatin, or pancreatic pol ypepti dec{/Bse/33031. Thi s
suggests that 25 WD 01/39784 PCT/ US00/ 33031 5 these nestin-containing
cells are not endocrine cells, ductal cells, neural cells, or vascul ar

endot helial cells, hut y represent a trul istinct cell type within the
"slet that hggameca%vf%a%?tgmtféﬁ% Oﬁa@&di’fﬁ@%.aﬂ%@eicrﬂ;éﬁmﬁ%ﬂﬁa@ér%und

nestin- posl tdb\ﬁ%t ﬁl?tkelééa 'hgstt\JEFsué a‘?ttrés ofdSe %Hmlﬂﬁ)cl)ﬂggtkhtzt%géﬁ&' ons of the
pancreatic ducts, and wthin céntroacinar regions t he exocri ne

pancreas. 10rddisiestxpression of nestin nRNA in isolated islets was detected
using RT- PCRwith RNA fromisolated rat islets (Fig. 2). The functional
properties of nd&ginvepten aisg grqyides feranpthodeof isolpingsten gelds freftded usi ng

cell culture_techni and _by.the i.sol at.j.on .nestin- itiv ells from
ol ets. bot h SrouRc iRl 4R GambiBe R UiE T BB Y HERRET L kSl <

di scover g¢d t RBadcidshie gl invifthe Stbm 11§ aeQRingplASeE @it & hulah, foe¥pmgss snestin (Fig.
13). Cytokeratin-19 as a Marker for a Distinct Popul ation of Duct

Epithelial dubkigc Dymakpatenias ax@nggIrft. 19) is another intermediate filanent
protein. CK- 19 O.and.relat§%§§¥toéﬁr t%ns ave previousHé been found to
be expressed in pahdFEREPRPOY rpgfiods IRSTAYERDEATosSPeIC, AIgEERFIC aF o

i nventors hayendlea&ie iah§fant 'OMRYEA-polildd stediticl® wHKreinl e QIR &3RIaQN 1S i ndeed
confined to the ductules, fluorescent antibodies specific for CK 19 | abel
di stinct ductalturedfdrs: fariothof hosefdrabahpeld, 2ttHoursndst hawrs Peld Houes ankt-B bodi es.

Thi s suggests that nestin-posjtive cells in islets may be 25 a distinct
cel | typédof QYRR (R HRNSPIAAIOBK- 19 positive cells. Isolated Stem Cells

from Pancreatic hgl ‘?ﬁ\%nﬁ&‘?a@gtc{avi&é?gor%&ﬂb&%ﬂ e;?erfl‘%gﬂﬂié{ggsd;%ﬁéiét ed froma

preparation of pancreatic tis rexanpl €, tained froma
bi opsy sanpl allegenticss kenddensicaradsmines bngdhipesitive stem cells wherein the

stem cell is expanded for a period of time, for example, 2-4 hours, 4-5 hours, 5-10
hours or 1-3 days prior to transplantation to give rise by cell division to other

20  stem cells or progenitor cells.

The invention also provides for methods of performing isogeneic,
allogeneic or xenogeneic transplants of stem cells wherein the nestin-positive
stem cells are induced to differentiate into a progenitor cell by treatment with an
agent selected from the group consisting of EGF, bFGF-2, high glucose, KGF,

25 HGF/ SF,A IDX-1, a nucleic acid molecule encoding IDX-1, GLP-1, exendin-4, -
betacellulin, activin A, TGF -B,' and combinations thereof for a period of time, for
example, 2-4 hours, 4-5 hours, 5-10 hours or 1-3 days prior to transplantation. In
the case of a pancreatic stem cell, the stem cell subsequently differentiates into a
pancreatic progenitor cell.

30 The invention provides for methods of performing isogeneic, allogeneic or
xenogeneic transplants wherein nestin-positive stem cells are not cultured,
expanded or differentiated prior to transplantation or wherein nestin-positive stem

cells are cultured and/or expanded and/or differentiated prior to transplantation.
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30 The stemcells can then be expanded ex vivo and the resulting cells
transpl anted back into the donor as an isograft. Inside the donor, they may
di ff erentw@be347e4 provi de insulin-secreting cells such asporwacwsbils to
repl ace beta cells lost to the autoimune attack which caused the
di abetes. This approach can overcone the problens of imune rejection
resulting_fromtransplantation of tissue, faor 26 01/ 39784 PCT/ US00/ 33031
5 exanpl ed i sl et NFHERPHHYE Fal C?%HPW‘@’E%HMG\%B c\‘rlit‘tf\f'{l\t?fogb’rSQ}]@teQé’af‘Wéa%nor. I'n
one enbodi ner ' [ ' s all ows
1 d \ ESPRAldase o &

anot her tecﬁstnletgfﬁré ?%sﬁﬂ%§2$¥s§%¢n%%@?ﬂ@%s§?o§t t%éagvofg t%gﬁgll ne
rej ection, nafABmyted @eopagationt herapy of the transplanted cells to render them
resistant to immune attack, such as the autoimunity present in
i ndi vi dual s wi t h Tihgpeventads diseqvered thatrgstin pxmyessingdielh geyeowfof gsitwrgd st em
cells over whgle islets i,s that transplanted stem cells c differentiate
‘n situ and bors ap? il o Bl S B Y o BTl Gl g
appropri agbe RuRiRCiThesd @il Riveantbufort BROMBERMo (F%.B%%h@xﬂhestirﬁﬂ)@sﬁti&ée”
types which responds to the physiol ogi cal needs of the host. Another
enbodi ment ofstaiteg,iand enpricssnesom mRNHA a i dets cortainsg nestipapsitivg ca}ls can be
differentiated stem.15 cells ex viyo,. for exanple, .to faorm pgrogenitor
cel s, whi oh e BOBIBTEYS g <HEpb artb b b bietae Famabe Sl ur ¢ her
di fferentiat Q& 8Ptk osidd ¥suspiis JHRERIetiol dBhBardahRiNRS trhe Aidchough the use
of an isograft of "stemcells, progenitor cells, or pseudo-islets is
preferred, awrotthmingmdstolipoeiive stomtceiipivall est ddhercusa coficamnavalal Acgatadt of stem
cells, progenitor cells, or pseudo-islets obtained from another 20
i ndi vi dudP ~oruiisessetdorfapmate. At HE sl ode SiRpLyetecayiest e%fflﬁrodi ment
of the invent,] 'r@m J i
i nmunopri vi l tglalg .pe% ﬁ%ﬁﬁ@%gﬁ%g? @sos]@ f't I sgiaeggdégf}leh%%é&%dn%gwg%se%a tl on,
i munopri vi | dgedt Bivem @atdmmvalin AQbating) erse thed hdltdre nTheadaailitsf thof cl ass |
and/or class Il major histoconmpatibility antigens (a.k.a. HLA or human 25
| eukocyt e anth§Erynd ésoditioniprocgaure drtidrsciibadhion & cellvim Exaeplokbeloror  exanl e,
I‘Efffatsteeg" C&Lhfar RANA bl WA LI BLGaR LeiENOYENET C SOUrces do not

20

Formation of Pseudo-Islets and Ductal Structures in Culture

One embodiment of the invention provides an altérnative to transplantation
of stem cells or progenitor cells by causing them to form pseudo-islet like
aggregates that can be transplanted-into a patient with insufficient islet cell mass

25  to maintain physiological control 'without hormone therapy. Islet-derived stem
cells can be prepared from cultured islets as indicated above or obtained from a
propagating stem cell line. The stem cells can then be induced to differentiate by
exposing them to various growth factors. This process is illustrated in Examples
2 and 3.

30

Differentiation of Stem Cells or Progenitor Cells to Islet Cells

Growth factors that may induce differentiation of pancreatic stem cells
include but are not limited to EGF-2, basic FGF, high glucose, KGF, HGF/SF,

GLP-1, exendin-4, betacellulin, activin A, TGF-f, and combinations thereof.
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host versus graft response in i nmunoconpetent transplant recipients. In
anot her enbodi nent of this aspect of the invention, inmmunoprivileged stem
cells dowobv1/exps ess class | MHC antigens and/ or class ||pr&FCserisigens. 30
These stemcells, obtained from all ogeneic or xenogeneic sources do not
initiate a host versus graft response in innunoconpetent t ranspl ant
recipients. In ano Hgodlnent of  .the i.nvention u tissue grafts

h
conpri si ny &Ié’mlé Fwséog prgansligopaptiftntadlighe ?Efecreﬁqr%lga %lg%ﬁ{cgl%qoa%s Il MHC

antigens, bu s d do not
under go host%Sé%ﬁggﬁ @@@#%%%§§¥§hgggﬁﬁﬁgggﬁé%8gﬁﬂmgﬂa §%é1e2£lon These
stem cel I's, @bt atagsle fthosreal dellgembcndrmal¢Rolgase bid propigesd inddod3.6i niti ate

a host versus graft response in i munoconpetent transplant recipients. The
i nvention al @M;ﬁluﬁﬂsa@gd flesr highe glusese qoncenilian reiers 4@ anather| dogcanigien

xenogeni ¢ don t.ran resu | tin manmal of
anot her 10 365%?3§8 ?hﬁﬁﬁ“%%”g?gﬁgggpﬁn 3F8n%?§m“6}%gﬂggnﬁﬁto a human,
for exanmppe, cante&lpea@&it 'Iﬁ EX4ABE Dahé podsiblasrowtl enee tAdatment ieddsBNERt | ONn
provi des for nethods of perfornlng I sogenei c, allogeneic or xenogeneic

transpl ants @mngésmcﬁbpﬁémtgmenbﬁwnndeGE)mmbmndmmmhgvsﬁbﬁmamKE@Fhre

cultured for of time 2-4 hour.s u 5-10
hours or 1-3 15(i tio | O&TOWHI{aFtQﬁ%?fﬁng%ﬁe@ﬁed”ﬁ*ﬂé’fFMﬁ‘?F%ﬁ 51@8 provi des
for methods %ﬁovptﬁrfzé%s@calgc&ﬁﬂg&e% el,fferéitlae&?%k&s@ﬁl HADRREARIMdd anspl ant s
of nestin-poSitive stem cel wherein the stemcell 1s expanded for a
period of t|mﬁoaﬁannmﬂanphemaﬂ-thaumﬁmndnEnmguﬁswﬂﬁ&mﬁm\hmuhamnr 1- 3 days

prior to transglantatlon to give rise by cell divisio to other 20 stem
cel I's or 1pr oghertgpvaar |u@m%m?ﬁb%ﬁ%qr%}ﬁd By spdagepysrelds prst exposetb@s of

AR = e T L A O
progeni tor cebmbhtibfi 6AErIBRENOMs bfd 8Xogenously administered growth factors that are

compatible with the desired outcome, i.e., the final differentiated cell type or

types and the anatomical structures (e.g., tissues or organs) formed.

20 One embodiment provides an approach to stimulating differentiation, that is

to administer downstream effectors of growth factors or to transfect stem cells or

progenitor cells with a nucleic acid molecule encoding such effectors. One

example is IDX-1, which is a transcription factor induced by GLP-1 or exendin-4.

Introducing effectors such as IDX-I can trigger differentiation to form endocrine

25 islet cells.

Analysis of Graft Rejection

The invention provides for an in vivo procedure for evaluating the
survival of transplanted material. Experimental transplant rejection is analyzed
30 by transplanting an immunosuppresséd or a non-immunosuppressed mammal,
with a stem cell or a pseudo-islet like aggregate according to the invention.
For example, non-immunosuppressed C57BL/6 mice are transplantéd
(for example, under the renal capsules) with human stem cells according to the

invention. Graft rejection is analyzed by sacrificing the transplant recipient and
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agent selected fromthe group consisting of EG-, bFG--2, high glucose, KGF,
25 HG-/ SF, I DX-1, a nucleic acid nolecule encoding IDX-1, G.P-1, exendin-4,
bet acel | woni/3|esivin A, TG (3, and conbi nations t hereof P€DUS@/33e31i od of
time, for exanmple, 2-4 hours, 4-5 hours, 5-10 hours or 1-3 days prior to
transplantation. In the case of a pancreatic stemcell, the stemcell

subsequently differentiates into a . pancreatic progenitaor cell. 30 _The
i nventio n% pr SAYBS f‘?ro‘f‘al?hié{yh S4LegprpEg f‘Wﬁ@’W%&B&giS@m% rbiersée Of or

xenogenei ¢t ianspkanhsthe el N af S5l brRRSld hrser? hEMeCRk of 1 Srafid cul tured,
i f p

expanded or erentiate rior t© transplantation or wherern

nesti n- posi t inveerddlpan a affabk psetransplantatidn aimek poine X[hendae paincowhich :
differentiated prior to transplantation. 28 WO 01/39784 PCT/ US00/ 33031 5
Nest i n- posi t iSt&nIBR (10§ exampls depatoxy fivjeatie @r iMEnestypme) ob e s odttee
pancreatic i gl . ntly 1solat to form emcell line .
capabl e of e?éﬁletﬁi %ﬂ?rﬁﬂ%%ﬁ%ﬁﬁn }éa’é{rﬁ/ r E%ra%xgﬁm%(ljen ac ré‘"%gﬁ\‘}zér‘ﬁ 8Y<%%fi scovered

that nesion ewifies sintg of @hd Sxpaéels@vivadtineW taltkffdplanfedehsmand caRr be
observed growing around the islets as early as about four days in 10

cul ture. Thesie obthegrifaveanalyredr ton-ekinaplerhyrsidininggy daFitg 10 3earsshowl,
nestin-positiwve,stainj,ng, and, exp nestin .. Islets containing
nestin- Bosi tisvzocéﬁl @Op(grfnﬁrg daé’é’pgf%sitsse(ﬁ)rabé'ﬁ?rés ﬂ%ﬁl’tf?éllsﬁé?tag‘?@. -
fibroblasts, TpEéT@xtaszrH} !iaf}@rtatleyefaf B&tlt&%_s;%ﬂtﬁt%rﬁﬂld ﬂn%&t%r’éfe?ﬁ/bl XIRP0019 @

suspension of the i'slets to concanavalin A The islets contalning
nest i n- posi t ideys pasetmaospldgatwinl. [Fonekamplbeif éransplanted nagarad & introducedat ed 15

Wil e ot ter ot e gL CHrsti o SPPueRBl KERDIE e beBmaNsbRPlicbs. ar o t hen
anere. The GEPSiTe arPRaRtd IEnE iSRRCRIRN it it PEEOL LY bea
for rat cell shd marfsphnedendtetidl iowtill dSiettablarand @3 uhd galsplmtdidedntetibl isned W t h
human cells. 20  Formati on of Pseudo-lslets and Ductal Structures in Culture
proliferated into a tissue mass. ,
Detection of the transplanted material and prolifération of the
20  transplanted material is determined, for example, by hematoxylin/eosin staining
of a frozen section prepared from the transplant site (i.e., the kidney) and the
detection of new growth that is not derived from the transplant recipient (i.e.,
not host kidney derived). In the case of xenogeneic transplantation,
transplanted material is successfully engrafted if specific immunostaining with
25  antisera specific for an antigen from the species from which the transplanted
material is derived, according to methods of immunocytochemical staining
known in the art and described herein, identifies positive cells. Alternatively,
in embodiments wherein a xenogeneic transplantation is performed,
transplanted material is suécessfully engrafted if molecules (i.e., a protein or an
30 antigen) derived from the transplant species (that is the species from which the
transplanted material is derived) are detected in the blood of the transplant
recipient.

As used herein, “rejection” refers to rejection of transplanted material by the

immune system of the host. In one embodiment, “rejection means an occurrence
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One enbodi nent of the invention provides an alternative to transplantation
of stemcells or progenitor cells by causing themto form pseudo-islet |ike
aggr egat asovhad7scan be transplanted into a patient wth i peDiUBoocIzesnt i sl et
cell mass 25 to maintain physiological control w thout hornone therapy.

| sl et-derived stem cells can be prepared fromcultured islets as indicated
above or qgbtained fro opagating stemecell line, The stemcells can

t hen be i nduc¥d™¥6 “H’i“;aﬂg/i' %‘?Q[ Pratﬂséu?)?e“%%‘bg‘}lﬁ53?%?L3r%tetdo‘n?/t§1?lﬁldﬁ§es@9m h
factors. Thi s REOGESSHd s i . ngd. 3 ;36 .
Differentiation o?&zt eelrrlié i%%n%%{h@%?%géﬁ?@gr glrtg%rﬁ1 gr'efméelr?esan&ovw h
factors that deepeasendubevidbilitesehtthathonablitypsithe aatdptantédemmeshllis | ncl ude
but are not limted to EG--2, basic FG-, high glucose, K&, HG-/SF, G.P-1,
exendi n- 4, belesieasadnyi 39% qemoyg # @mppegd-te ghe wabjlisopfithe frensgdantedher eof 29 WO
01/ 39784 PCT/ P-1 refers to glucagon-|ike peptide-1. Hi gh

gl ucose ref errggg %Ali)%%?é%%gns 311}5%18 & 'Cont 8ﬂ§ert§ttiﬁeolr?%ﬁ Han © %Oélps) ¢ gﬁ@@ﬁ? ?]tat i on
normal |'y [gseds dcrédsk il iabbity Beh 5¢ @MtraRhddSby mE@bdEwaNRhéwn im@esttem cel I s can
be normal ly cul tured and propagated in about 5.6 nM glucose, and the high
gl ucose concednglpding bt naflienisedito tepen hive csdngenstamingnin aabthge 5.6 MM I n the
preferred enboq% nt, .@a .concentrati.on of .16.7 iis,10 contemplated. In
Bcanpl o 2, - onBsguary SRGE Hras cores PEGE Fanp S HBSEF AL ey basi ¢
fibroblast grpwiferhst Qh ethilrhrea™y BRhGRIBIWnIh M & frRRldH hlEGR? - I n
addition to growmh factors added to the nmedium of cultured cells, further
growt h f act orlsnitainto hematraxlylibeosio stifiigr Eint o@tirencewtidransglamreedticn ar e
irrplante\(j?ﬁ intg a aninI or. a human. In t_situat'on,_nany grow h
factors wAi cHNg08 thessPerd Me¥NiRh ERIFFUGR OGTHER ERMO WiRg rapspretionv!l pPnendogenous
cells and ex : - - LSt 0 b (X |l s can be

i nduced to dP%?éggﬂ$?5%%&%§ygﬂg&ﬁ%gﬁg#ﬁg??%ﬁt%nghgggggggs aﬁ%flf%genously

admi ni st er ed the el typé,ac tioy celit hatibed) @ the howo éitd. ol lecthértoh nbhhediostiis ed out cone,

i.e., the final differentiated cell type or )
immunotolerant and/or has been treated with an immunosuppressive agent.

20  Methods of Transplantation

The invention provides for methods of transplantation in to a mammal. A
stem cell, progenitor cell, or differentiated cell is “transplanted” or “introduced”
into a mammal when it is transferred from a culture vessel into a patient.

Transplantation, according to the invention can include the steps of

25  isolating a stem cell according to the invention and transferring the stem cell into
a mammal or a patient. Transplantation according to the invention can involve
transferring a stem cell into a mammal or a patient by injection of a cell
suspension into the mammal or patient, surgical implantation of a ceil mass into a
tissue or organ of the mammal or patient, or perfusion of a tissue or organ with a

30  cell suspension. The route of transferring the sterfi cell or transplantation, will be
determined by the need for the cell to reside in a particular tissue or organ and by
the ability of the cell to find and be retainéd by the desired target tissue or organ.
In the case where a transplanted cell is to reside in a particular location, it can be

surgically placed into a tissue or organ or simply injected into the bloodstream if
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types and the anatomi cal structures (e.g., tissues or organs) fornmed. 20
One enbodi nent provides an approach to stinmulating differentiation, that is
t o adm niwo er/3adewnst ream ef fectors of growh factors or teCcT/UssmsBesit stem
cells or progenitor cells with a nucleic acid nol ecul e encodi ng such
effectors. One exanple is IDX-1, which is a transcription factor induced
by GLP-1 or exendin-4. Introducing effectors such as IDX-1 can trigger

di fferent?Patit Ceﬁlld‘alsé}?erﬁaé’ﬁ@iiéwoﬁ’élgraégtq F desiped|tpiget KBHlysi s of Graft

Rej ection Thep, I IOV 4N v I | uati ng

t hje sur vi valerr%#%?‘? gdrtllg% %ﬁ?}gg%ﬁgtt{éérjl{ng?&d& ;C)éédr %?r%lﬁ% gﬁ%ﬁgﬁgéﬁ%g&lﬁ@gﬁej ection
is anal yzed s&fh tyll docanisyy @nhé hgedion, BRdIOC8IHIRI88 $rRdsforing the stem cell

non-i mmunosuppressed manmal , with a stemcell. or a pseudo-islet |ike

aggr egat e acéfpdimynmal emepatiepie it prnher embhodanepipransplagationmmes nessuppr essed
C57BL/ 6 m ce.are transpl e for .exanpl.e. upder the renal capsules) with
human stem ce Tegn’zggrgbnrcﬁjla%gﬁ? %elf#equql?ﬁt\l/n&n??t%ﬂﬁ.Ce%agcfolrélpéjtoet il%‘henﬁgn’anal yzed
by sacrifipci ragrférbistidting Misedtan teell @ldRFa8erriptthd GteMR N 1HB X B 4mBET 4500/ 33031

5 staining for viability, or perform ng i munocytochemnm cal staining at the
site of the geaéntedranapleniatipn,(as used heaginpragdnclode the stepeopiselsting aatent he site

f th ft t i al t .Sui bl e. t-t L ti i i nt.
The 1 e poi el afctiing fb e fhyeRiing, AT iR Rae RERBYF MRl o
i nunost ai ni @,g}lsfglfﬁntghge St eAfinth RenarBfaf (t)r_egppdm}lgri al is made can vary, for

exanpl e, according to the average 10 survival tinme, or the expected
survival ti mMghods dffTaemsingdnsudol-Depamdént Dillsetessiising Bindrdatic $tah Cells anal yzed,

f by staining, 1 d t 0 i.e., 1 5, 10, 30, 100 or
ror e dayds 1, 2, Shem 6 st yeaty Tt ondnpien iam brpe | GReHeTRBRTS10 days
t 1 s i . 1: 40 .

pgst - %/(ra::]sglog)m&a@?%ag tﬁgﬁ)@%%g%g@ggrs{g?%%tﬁ %‘%@{f‘;ﬁ@% %la eéésﬁ)afleﬂg'yiﬁ? r oduced

15 under t he disberb patags wik pafferablyByse as thvaddnot oByanofeatib gssut aggoant ed nouse

is inspected. Transplanted material is successfully en%r afted (i.e., not
rej ect ed) i f produce stem cells, progenitor cells, or pseudo-islet like aggregates. Stem cells

exist within the adult pancreatic islets as well as the pancreatic ducts. After a

20  diabetic patient undergoes pancreatic biopsy, islets are isolated from th¢ biopsy
tissue and prepared for culture ex vivo preferably within 24 hours. Stem cells can
be proliferated and isolated by the methods described above within 2-3 weeks.
Stem cells can be transplanted back into the patient directly following isolation or
after a period of differentiation which is induced by growth factors. Islets can be

25  produced by subculture as described in Eiample 2. The whole process of surgical
pancreas biopsy and transplantation can be performed within a period of about 30
days.

In one embodiment of the invention, pluripotential stem cells are used.

These cells are immunologically blinded or immunoloprivileged, such that in

30 allogeneic or xenogeneic transplants, they are recognized as self by the recipient,
and are not MHC restricted by class I or class II antigens. In one aspect of this
embodiment of the invention, these cells do not express MHC class I and/or class
IT antigens.

In another embodiment of the invention, the recipient of the transplant may
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the transplanted material is still detectable and/or the transpl anted

material has proliferated into a tissue nmass. Detection of the

transpl amedy/seseri al and proliferation of the 20 transpl por/@dowssvari al is

determ ned, for exanple, by hematoxylin/eosin staining of a frozen section

prepared fromthe transplant site (i.e., the kidney) and the detection of
derived fromthe transp cipient (i.e., not

wt t t i t
Eg\évt grkiodn y Eﬁgmiovéta%gg &P%ﬁ V- regaft mdectign o @%@gﬂﬁpﬁ]@é{?ﬁﬁl‘%?‘é?qw

transpl ant ed JiRkEkL tﬁf? f ﬁfsﬁﬁﬁ&%h}‘io@l&% ?xﬁtﬁb%‘&i st SBE G g??,iaHm’”OSt ai ni ng

with 25 antisera speci or an antigen fromthe ‘'specie rom whi ch the
t ranspl ant ed autvahggenasuch 8s GAD6BEbly thacdaditlisfgidnoo ok e doref

i mmunocyt ochem cal staini ng known in the art and described herein,
identifies pé@mungaippesspiye dpjes deseaibpd bergin, of By ambwgihes knewiie heiart ta
xenogenei ¢ transpl ant ation i erforned,. transplanted material is
successful | ypgeﬁlﬁgéa rtaégl hlo at?r%‘?(é%ljmé%e r(efe.cg(.)l,l' a protein or an 30 antigen)
derived flpom t he AlfeamERERNitemR@AS RSlatdd@émiahonintReshfmal 4263dMY ©h t he
transplanted material is derived) are detected in the blood of the

transpl ant teingewion, arddrapsplentedingd mhuthee debeies patiensf Brier to ¢he ej ecti on of
transplanted material by the i ne system of, the host. In e enbodi nent,
ref oot on minea e OF s S s R SThEs. sio8eidsdd9or 5 of mor e

t han 90% cel lyi@drefiisstie necrosis of the transplanted material in response
to the i mmune response of the host. In another enbodi nent, "rejection”
neans a decMebads of TirbaingiPabehts SyffeughfromdtivetiRisvdsablsirigt Ranofeatibie
transplanted materjal is decreased by 90% or nore as conpared to the

vi abi |i t y° of Mnspl anted material prior to transplantation, in
response to the ifURR; : . I jability can
be 8et erm ned by net Egl 885\;2%@&%%%%};{&% p,? ﬁ%éngpg‘?eléitﬁ?ﬁ%@?ﬁﬁge%&té/{r?ot limted
to trypan bl dermekedatiyts iswell khdvon (Bisgand & TEorgéeirdodilveny , Ther ej ect i on”
nmeans failure of the transplanted material to proliferate. Proliferation

can be neasuPaRFrEAficHEIReells qitlrpresent iysntien canfa usad fypretitde hgpatocytes

for a patient suffering from a liver disease such as cirrosis, hepatitis, or hepatic

20  cancer in which the functional mass of hepatic tissue has been reduced. The stem
cells of the invention can also be treated by gene therapy to correct a genetic
defect and introduced into a patient to restore hepatic function. Nestin-positive
stem cells can be differentiated either in culture or in vivo by applying one or
more growth factors, or other treatment such as transfection with a nucleic acid

25  molecule, that results in differentiation of the stem cells to hepatocytes. In one
embodiment, the invention contemplates the use of cyclopamine to suppress, for
example, sonic hedgehog, resulting in hepatocyte formation. In another
embodiment of the invention, the stem cells can be transplanted without any ex
vivo treatment and the appropriate growth factors can be provided in situ within

30 the patient’s body. In yet another embodiment, the stem calls can be treated with
growth factors or other agents ex vivo and subsequently transplanted into the
patient in a partially differentiated or terminally differentiated state. Other
aspects of the invention, including methods of transfecting stem cells or

progenitor cells, dosages and routes of administration, pharmaceutical -
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limted to hemat oxylin/eosin staining. The occurrence of transpl ant
rejection 15 and/or the speed at which rejection occurs follow ng

transpl aweabvi/aatsmi || vary depending on factors, includi ngcbhusoosso3ilimted
to the transplanted material (i.e., the cell type, or the cell nunber) or
the host (i.e., whether or not the host is immnotol erant and/or has been

treated vmth an 1 nmuno uppreSS| ve agent. (ﬁo Met hods of Transpl ant atl on The
i nvent i on’ pr GOMARELINSy deROr tizngsath Profqeglss BRLITTRYTQSHPRIRSSIR Betbadingen b st em
cell, progen [

"i nt r oduced" ka}%%%ég)ﬁgjth trgﬁs@%ﬂa%l% t|gl}sl tra? 6'jfg éﬁrlsﬁg%l 3@%&5@5@ ttﬂ?rg{ovessel
into a pati elphncra'ananfsmleant ation, according to the invention can include the
steps of 25 isolating a stem cel | accor di ng to the invention and
transferring the T8¢ &ecadon SHeﬁltf@aHfaC@FﬁPmﬁ]Iateértraasni%ntln@ntlto Pﬁﬁlalﬁépl antation
according to. thgnel ﬁ ten%{]c canei ve b ﬁmso errin aagte gl into a
manmmal or a psé)lgl Bhe ¢ |nj 2l %g%?ew Erglle ﬁ%%ﬁo h (Fﬂ ‘ieﬂ manmmal or
patient, jgurgical inplantation of a cell mass into a tissue or organ of
the manmmal or patient, or perfusion of a tissue or organ with a 30 cell
suspensi on. Mweshadsf Stevd Cell dmarfséactipng t he stencel |l or transplantation, will

be determned bythe ne or the ¢ 0 reside.in. a artlcular ti ssue or
organ and byt hi VAR T4 eshds e gt eblegof gk Eanateb as aRSTA T « he

desired tar g‘%&llsI '(?’a?é’lﬁmcﬁho%}ﬁ?crbrembﬂat&bﬁl\cﬁﬁgs WhgH @e(ﬁ’oﬁtrpm@ésaé"l%@ﬂ cell is
toreside in a particular location, it can be surgically placed into a

ti ssue or or gffrwiacy sf trpﬂs;fommjnen,tms;iemaﬂ}ofoir hendlheedstdisain additi&? WO 01/ 39784
PCT/ US00/ 3303 5 the cell has e capabjljty to mgrate to the desired
target of ancglwgh@msabﬂt%@ﬁe&rwafggmfa.fwah% affsa r?%éﬁfnssﬁlon@imlmlpude t he
steps of 'sokﬁhblﬂq ot FEMGEL kn AR A0 Gr SiGn bl LXSBRERIorAoCLl | U7 N0
and transferring t esfe I nto atrent. In another
enbodi nment , bﬁcajgem@rﬂramgmouﬁsmabgg&el@on Tlﬁ‘@lfbeldf@hmtﬂﬁc lipids 4 epia of
isolating a stem.cell according to the invention, 10 . differentiating the
stem cel I, afff forrlipesomes; is A o gp ehfeetiie methedobpaskpgiag DAVA £ pati ent .

Transpl ant at Itr%’n fec ﬁlg%ﬁﬁagrygt?cr ge'lls an%%%vérgfcolﬁudr?le}cﬁ?pfse%%%ﬁons ofl cagor"laitcI ng a stem

20  lipids are available. Electroporation provides improved transformation efficiency

over the calcium phosphate protocol. It has the advantage of providing a single
copy insert at a single site in the genome. Direct microinjection of DNA into the
nucleus of cells is yet another method of gene transfer. It has been shown to
provide efficiencies of nearly 100% for short-term transfection, and 20% for

25  stable DNA integration. Microinjection bypasses the sometimes problematic
cellular transport of exogenous DNA through the cytoplasm. The protocol
requires small volumes of materials. It allows for the introduction of known
amounts of DNA per cell. The ability to obtain a virtually pure population of
stem cells woul‘d improve the feasibility of the microinjection approach to

30 targeted gene modification of pancreatic stem cells. Microinjection is a tedious,
highly specialized protocol, however. The very nature of the protocol limits the
number of cells that can be injected at any given time, making its use in large
scale production limited. Gene insertion into pancreatic stem cells using

retroviral methods is the preferred method. Retroviruses provide a random,
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cell according to the invention, differentiating and expanding the stem
cell and transferring the stemcell into a manmal or a patient. Mthods of
Treat i ng wosubd7e4 Dependent Di abetes Usi ng Pancreatic StenrCRUB®)/3BB31ISt em
cells are useful to replace lost beta cells from Type 1 di abetes patients
or to increase the overall nunbers of beta cells in Type 2 diabetes

patients. _The. diabetes patient will preferahly serve as the donar of

pancr eat | 2 tisé’??ECQPé/eﬂnglﬁ'S“ﬁr‘%g&U%V@W@\Wﬂb"éﬁu}sg’, Y‘B‘F Sé‘ﬁﬁ“f’kﬁs E)é}i‘qr§P°1br _
pseudo-1 sl et q:hlR.AAdHERAL e b FILE B1d Sqdrihthe ) bl deLhAAdH fo pancreati c
islets as well as the pancreatic ducts. Arter a I abetic patient

under goes pamithgmtieGebpeoifaliis ingdneibs. are i sol ated fromthe biopsy tissue
and prepared for culture ex vivo preferably within 24 hours. Stemcells can

be proliferatfedrosnd TrasvfaredionOf fencrgtisowdn §ederi bed above within 2-3
weeks. = Stem cel ls, %n&grf @r%%%gﬁlfgpéﬁgregﬁg léel‘,sr&tag iﬁv%‘:fv r%%rlogili‘lvé%.v%%;'t%%cats! y
ra perioa o | 1 C

follow ng isolation or affe r ferentiation I's”i nduced

by growt hof agk@tielpet $1red . 6.28ndagsidBtid QedRd vitdl Sdnbaiek Wiih @srydpscri bed in
Exanpl e 2. The whol e process of surgical pancreas biopsy and

t ranspl ant at ifengignegenp ef pégress breid uniblhito fampempdeie giralapoiiclego Othktys. | n one
enbodi nent of_ the invention l urj potential ste | s are used., These
celI's are i myinsio FB&? P@O’Abmeﬁlfg@ tgz?nSfeﬁﬁﬁﬁir%g?VdW?%/?%@&éa?o'gﬁf?ﬂarteﬁat in 30
al | ogenei ¢ Ok/ipaeNAARBRICS sibipMISRRANeBtord ERAIRI R gl ZReRb Rl by the

recipient, and are not MHC restricted by class | or class Il antigens. In
one aspect ofshodld be cemsidedédrehen sfecting theappripriate, vache der iafdctisn.dli inot expr ess

MHC class_| and/or class . . Il antigens. |In anqther enbodi nent of the

i nvent i ony tﬁ%mP*é‘EFiaPr«E?f‘fabé‘F o ¥re at‘f“é‘ﬂg“ﬁ‘lgéﬁ‘fmﬁyep%éowtmﬁfﬁwﬁ

PCT/ US00/ 330 t ' '

t ranspl ant ed%(%()er??g{j@vra]%?iehé @%ﬁo%%ﬁlc%e\égg%tg%qhén {e e&g%idr%‘l&g(li g{lbrg%%l?@% of bl ocki ng
anti bodi es t ®NAor exanple, an autoantigen such as GAD65, by the

adm ni stration of one or. nore _inmmunosuppressive drugs descri bed herein, or
by any method kndwW tVa PERBDEMEthogs of stem cell transformation are co-culture and

supernatant infection. Supernatant infection involves repeated exposure of stem

20 cells to the viral supernatant. Co-culture involves the commingling of stem cells
and an infected “package‘ cell line” (see below) for periods of 24 to 48 hours.
Co-culture is typically more efficient than supernatant infection for stem cell
transformation. After co-culture, infected stem cells are often further cultured to
establish a tong term culture (LTC).

25 The cell line containing the helper virus is referred to as the package cell
line. A variety of package cell lines are currently available. An important feature
of the package cell line is that it does not produce replication-competent helper
virus.

In one embodiment of the invention animals or patients from whom stem

30  cells are harvested may be treated with 5- fluorouracil (5-FU) prior to extraction.
5-FU treated stem cells are more susceptible to retroviral infection than untreated
cells. 5-FU stem cells dramatically reduce the number of clonogenic progenitors,
however.

In another embodiment, harvested stem cells may be exposed to various
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prevent or aneliorate autoinmune rejection. 10 Alternatively, stemcells

i solated froma non-human manmal according to the invention, are

transpl amed1/89180 a hunan di abetes patient. Prior to the pe¢T/As@3a3t ati on
step the stemcells may be cultured, and/or expanded and/ or
differentiated. Methods of Treating Patients Suffering fromLiver D sease

Usi ng Pancreatic f15 Stem Cells The ability of pancreatic stem or.

progeni t of c&FPthifactprsasich;as thgse smpkayed {opromptepiodiatnnreitierenigion known
(Bi sgaard & Thareldf sl i oull o PADEIEARLGaREE M Gl Snghed e Present
invention can be used to provide hepatocytes or a patien surt eri ng from
a liver di sedafingushfiesingdtivgsd EnproePadll fepBeatioh ahe pahiducidéh.caragres i n whi ch
the functional nmass of hepatic tissue has been reduced. The stem cells of
t he i nventi omerognthguspoherowithe Bicos ingregeefeansfpemapon eidicieney &em 3 9enet i ¢
defect and i%%oduced into a patient to restore hepatic function.

Nest i n-positivé™ stemcells can be differentiated either in culture or in
vivo by appl Yp@aORErSiral TPLBISHAVLA PFS6EATS, or other treatnment such as
transfection wth a nucleic acid 25 nolecule, that results in
differentiation dhetcheiwttamsduitibs of matnepdiao pghasaticl sterorells axdbodi nent, t he

i nvention contenplates the use of cyclopamne to s ress, for exanple,
soni ¢ hedgehtE S fRnsRAn AR B bRgRIBleH arsieienS UL RAYER  enbod: ment
of the inventy : i 3 ..exX Vivo
t reat ment angig?hwécaggﬁ}%%%‘?ghgggﬁvﬁ‘pﬁé‘%?‘gsﬁ‘ﬁgtéggﬁ%%%%‘gﬁﬂ&éi tu within
30 t he pati eptogenpoelis hdsbeyre shawmihheice. e Thotirgat nél]s drbeulsiredrfar@l4 daysan be
treated with, growth factors or other agents ex vivo and subsequently
transpl ah? ed i} ﬁiecpr%%%ce et fuatableivisctar ppavtapiag)the generod iptestapelaredicingr m nal | y
differentiat %gegt&%]eﬁo ne s &%{piergspect s of the invention, including nethods of
transfecting stemcells or " progenitor cells, dosages and routes of

admi ni stration, [ShacifieslBybof@inarrdw sWhh CElls3%f8 RailVedit UFOR B30 Idno4-8
conposi tions, donor-isograft protocols, and i nmunosuppressi on nethods, can
be weeks old) BALB/c AnNCr mice (National Cancer Institute, Division of Cancer

Treatment Animal Program, Frederick, MD). The cells were plated at a density
20  of 1-2 x 107 cells/10 cm dish and cultured for 48 hours in Dulbecco’s modified
Eagle’s medium (DMEM) containing; 10% heat-inactivated fetal bovine serum,
glutamine, Pen/Strep, 100 U/ml of interleukin-6 (IL-6) and stem cell factor (SCF;
Immunex, Seattle, WA) to stimulate cell growth (Schiffmann, et. al., 1995).
Concurrently, a viral package celt line was cultured for 24 hours. The
25  package cell 1iﬁe used by Schiffmann, et ai. was GP + E86 and the viral vector
was the LG retroviral vector based on the LN series of retroviral vectors.
After the appropriate incubation period, 1-2 x 107 stem cells were plated on
a 10 cm dish containing the viral package cells and co-cultured for 48 hours in the
presence of 8 ng/ml of polybrene and under the same growth factor stimulation
30 conditions as the donor stem cells. The stem cells were then harvested, washed
of growth media and injected into recipient mice at dosages of 2 x 10’
cells/injection for multiple injections (total of 5 injections either daily or weekly).
Successful stem cell transduction and engraftment of stem cells can be

determined through, for example, PCR analysis, immunocytochemical staining,
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practiced with transdifferentiation to hepatocytes just as for the
differentiation to pancreatic tissues. The invention specifically

cont enpl av@s1/8978nspl anting into patients isogeneic, allopengsay/33ost
xenogenei ¢ stemcells, or any conbination thereof. 10 Methods of Stem Cel
Transfection A variety of nethods are available for gene transfer into
pancreati¢ stem. ce]ls, "Cal ci um phosphat e precipitated DNA has been used
but provi ges Southsth Nertherajos Ysstesn b%"r“é‘?%PbPYrﬁﬁie Cﬁjé?%@lﬂ“ﬁi* kgowyto one
nonadher ent G@life§in I 2ddi tion, 15 cal ci um phosphate precipitated DNA

met hods often result in insertion of nultiple tandemrepeats, increasing
the likelihood of disrupting gene function of either endogenous or
exogenous DNA (Boggs, 1990). The use of cationic lipids, e.g., in the form
of |iposomesM Sso an effective nethod of packagi ng DNA for

transfecting eukaryoti S d several .commercial .preparations of
cationic 20 lipi smétrugﬁat\ﬁzgti %BT%.H aﬁ'foégltngg%é eal{l}/%rﬁm&}%?}?%ee%yiwgd

transf or net i gfor@kirhpleEMatan, BV Rse, e sitedp Ghbbh, ROAS Rvakey, RbRkOk@ster] pighas the
advant age of providing a single copy insert at a single site in ﬁe
genonme. Dir e®r cowpr dinepdeimanmahmpiNaconding tolike invantians any maeinhd thas yet

anot her nethod of .gene transfer. 1{ has, been shown to prqvide efficiencies
of “near |y 10093 9iGrREHEy {nehaing bt aREHBEES Bra MarieF. Sos e TG ESH e DA
integration. MA&EQIHIQS hiRteRpRAGSESW. Ne sonmetimes problematic cellular
transport of exogenous DNA through the cytoplasm The protocol requires
smal | volunes of materials. It allows for the introduction of known

anount s of The ability to obtain a virtually pure popul ation
of stemlcel agrAnd Yipde ol admppustyat Bibility of the mcroinjection approach
to 30 targeted g P L) i eat | I [.nj ection
is a tedious, higdgh gpg%%%§§$$%gﬁg%Pgﬁg%gﬁﬁﬁﬁgﬁgéﬁf% ﬁéﬁ%gﬁ%gﬁg#ﬂre of the
protocol |i mheeid & bentesanry asdbliewed. | Gelishdttheciamediton dah ®e adshirdite@d o gHeven

time, making its use in large scale production |limted. Gene insertion
i nto pancr eatPRtienss iafesadly & gbiolpgicallpcoppatible selutippesa prarmgeeusieaber r ed

met hod. Ret r %ije'bﬁ%?esde?{vg&i \ge%icqe,rb?/qgé)e@ion, injection, inhalation or any number of

20  other methods. A preferred method is endoscopic retrograde injection. Another

preferred method is injection or placement of the cells or pseudo-islet like
aggregates into the space under the renal capsule. The dosages administered will
vary from patient to patient; a "therapeutically effective dose" can be determined,
for example but not limited to, by the level of enhancement of function (e.g.,

25  insulin production or plasma glucose levels). Monitoring levels of stem cell
introduction, the level of expression of certain genes affected by such transfer,
and/or the presence or levels of the encoded product will also enable one skilled
in the art to select and adjust the dosages administered. Generally, a composition
including stem cells will be administered in a single dose in the range of 10° - 10®

30  cells per kg body weight, preferably in the range of 10°-107 cells per kg body
weight. This dosage may be repeated daily, weekly, monthly, yearly, or as
considered appropriate by the treating physician. The invention provides that cell
populations can also be removed from the patient or otherwise provided,

expanded ex vivo, transduced-with a plasmid containing a therapeutic gene if
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35 WD 01/39784 PCT/ US00/ 33031 5 single-copy, single-site insert at very

hi gh transfection efficiencies. O her such transfection nethods are known
to one skwvbbesh7Bn the art and are considered to be wi thipcTsomEs0gHe of
this invention. Retroviral Transformation O Pancreatic Stem Cells Gene
transfer protocols for pancreatic cells can involve retroviral vectors as
10 the "hel per virus" (i.e., encapsidation-defective viral genomes which
carry theg f Slesiregnanybiben grntroguspd uyo g\?tpapgmunabl e to formconplete viral
particles). OQther carriers such as DNA-nedi ated transfer, adenovirus,

SV40, adeno-associated virus, and herpes sinplex virus vectors can al so be
enpl oyed. Se\PhamhackadabCosmpssiciohygl be consi dered when sel ecting the
appropriate vector_for infection. It is 15 sonetinmes preferable to use a
viral |ong ternindihedgysation provides fpripgnosttions sompiyingdsiem ¢ell asgprdings t he
foreign gene rather than.rely on spliced s enom.c. RNA. The t primary
et hods of - stelicBr P AneRst i S Rrirdoe SRR PRSI GM, AR ant
infectiong SwprinapRyNiolbHtAK! dddpatiBkOIVES” FEBRAS 8 PhPAPIOIRRY %ceFﬁaSI@ 20
cells to the viral supernatant. Co-culture involyves the conm ngling of stem
cel I s and an dilnémstedas patek abespbatelbuffered saliss er badineydndfforthgrenaypds of 24 to

48 hours. Co-cgulture.is typi.call re.efficient than supernatant
i nfection form“g‘tl neadjyvant r‘g EY%}I%E'{EB% .‘ncﬂfl_lpi‘?te Bqué‘glsta&}‘}é),gn‘i’ AMEEEER stem
cells are of t,a8sdhiifel NEMifkith E%\Iﬁﬁﬁﬁ:,ﬁor A5h AR i@ s WGl Th e &ire (LTC) .

25 The cell TI'ine contalning i I

elper virus is referred to as the package
cell line. A varildéeynehtipaekageviddslfol praemacmuacad eompositignsaViaiadditioa. An

i nportant feature _of. the package cell line is that it does not  produce
replicat iton- é%ﬁﬁ@@%m ingeadis@ts, theps pRarmpRewical CEHOEItRBh Y CORAR SUiHRIEt i on

B T S AL S
are nore susgapimdebaidallyretroviral infection than untreated
Pharmaceutical compositions for oral administration can be formulated
using pharmaceutically acceptable carriers well known in the art in dosages
20  suitable for oral administration. Such carriers enable the pharmaceutical
compositions to be formulated as tablets, pills, dragees, capsules, liquids, gels,
syrups, slurries, suspensions and the like, for ingestion by the patient.
Pharmaceutical preparations for oral use can be obtained through
combination of active‘-compounds with solid excipient, optionally grinding a
25  resulting mixture, and processing the mixture of granules, after adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients are
carbohydrate or protein fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; starch from corn, wheat, rice, potato, or other plants;
cellulose such as methyl cellulose, hydroxypropylmethyl-cellulose, or sodium
30  carboxymethyl cellulose; and gums including arabic and tragacanth; and proteins
such as gelatin and collagen. If desired, disintegrating or solubilizing agents may
be added, such as the cross-linked polyvinyl pyrrolidone, agar, alginic acid, or a
salt thereof, such as sodium alginate.

Dragee cores are provided with suitable coatings such as concentrated
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cells. 5-FU stemcells dramatically reduce the nunber of clonogenic
progenitors, however. In another enbodi nent, harvested stemcells naybe
exposed twovasd7eus 36 WO 01/ 39784 PCT/ US00/ 33031 5 growear/Us@ysos, such
as those enployed to pronote proliferation or differentiation of
pancreatic stemcells. Gowh factors can be introduced in culture before,

during, or after ipfectiqn . to inprove cell replication and transduction.
St udi es Pepéf"gartsﬂg’“ﬁg% V@YICIb’F’W O LCoRipF g ﬁ‘@g’éa? » PPl bprelidepe,
efficiency fr 5ol 9% [ - QVigE gl o T b r ot ocol
The ex vivo tc(rgggr?gglu%e?’ipgﬁge W%ﬂ%@a@%ﬁﬁ%@%idgﬁé%eé%%gg%l%éﬂgltﬁhg%g gbs equent
t ranspl ant at isohableibganenalikat @d ssleeitphiktlirss. SO dstuisen ignientdinal Be

si gni fi cant engraftmant and gene expression in various tissues containing
their progergldedtolthe ihletsraliagassaptings fon preduct idenfifiegian ardp charagterizaul t ur ed
for 2-4 days 15 in:th .esence of, a suitable vector containing the gene of
i nterest, beft%?%uaggiyngf%f“r’ﬁ eocr{l%odmldhl'%‘béjotsﬁ%e'r eci pient. Specifically, bone
marrow sgem cel |'s Bm&@adaaﬁdaqufegslr_aﬁammh%md_a@gged(oélalﬁy indeakpui-f BALB/ c
AnNCr mice (National Cancer Institute, Division of Cancer Teatment Ani nal
Program Fr edepsubds mado)of g¥latinzslwell aseod, galededpadesamatiendigelatid@ndfa 1-2 x 10

[1s/10 di sh d | t f 4 i | b ' dified Eagle's
e um ( DVEMEO I S AP BB R o AR L B P oo e B er am
gl utamine, PeRLSLERR mitQPwidh AlRIRE of Bih&S St a}@'l@ct@evlarﬁ?arc%@g,_1§$1‘?€5‘n&e| | factor

(SCF; Imunex, Seattle, WA) to stinulate cell gro (Schiftmann, et. al.,
1995) . Concurnenid tglc cn megnediump atlartss ané| dptiohalhe stabdizens] fruseftdcdpsnie4 hour s.

The 25 package cell line used hy Schiffinann, et al. was GP + E86 and the

viral veddor thegeive fempeynda e dissoliet b upsaded iauitahle igvide resasof

(o870 a L Vet St SRR RGO BRE ok 10 e
co-cul tured for A®hheudacsutidal fdigulations for parenteral administration include
aqueous solutions of active compounds. For injection, the pharmaceutical
compositions of the invention may be formulated in aqueous solutions, preferably
20  1in physiologically compatible buffers such as Hank’s solution, Ringer’ solution,
or physiologically buffered saline. Aqueous injection suspensions may contain
substances which increase the viscosity of the ﬂsuspension, such as sodium
carboxymethyl cellulose, sorbitol, or dextran. Additionally, suspensions of the
active solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty
25  acid esters, such as ethyl oleate or triglycerides, or liposomes. Optionally, the
suspension may also contain suitable stabilizers or agents which increase the
solubility of the compounds to allow for the preparation of highly concentrated
solutions.
For nasal administration, penetrants appropriate to the particular barrier to
30  be permeated are used in the formulation. Such penetrants are generally known
in the art.
The pharmaceutical compositions of the present invention may be
manufactured in a manner known in the art, e.g. by means of conventional

mixing, dissolving, granulating, dragee-making, levitating, emulsifying,
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presence of 8 gg/m of polybrene and under the sane growth factor
stimulation 30 conditions as the donor stemcells. The stemcells were then
har vest edyowasdted of growh media and injected into reci pCEOBOOME30HE at
dosages of 2 x 10' <cells/injection for nmultiple injections (total of 5
injections either daily or weekly). Successful stemcell transduction and

engraftnent of stem.cells can be eterm ned through, for exanple, PCR
anal ysi s, |nﬁﬂﬁ@@ﬁ?%%%éﬂ?%%ﬁn%?%ﬁ?ﬂ [zing BrecefeED 1/ 39784 PCT/ US00/ 33031 5

Sout hern Nor t her nT(?lE M\ﬁ'ﬁ{aﬁgﬂu}ﬁl Q&ﬁngOnﬁéaﬁeﬁbﬁ d%yg alF gr‘ftpéyn es known to

one skilled in the Brt are use according to the

i nvention i nébrurd vatymamadds, iddudif@buteratiplied thhydochlondsalfuigt, sheep,
rabbit, goat, m)nke%;Qa horse, hanster, pig or cow). A nor-human manmal
accor di ng t o 2¢diis, 1aal@ iarfasis, maligmyceiaigmeis- .t $alis tendstorhstmereisahvale inj ncI ud| ng

but not limted to a use r at r abbi nke

hanster, pi ga%ﬁ;eogs 2ow: e $at (l.veélgsgtﬁ%bad ﬁl o1 OKS?H%& sntgr 51%6 é’rm y of
exanpl e, 1@ PathePBiset, rﬂhd"ﬁ@ﬂm‘éﬁ pPé}ﬁ%ti%ﬁtrﬁaQ/ et £bpalik&d ﬁ&v&e%cumlwﬁlo herein
can be treated as follows. Cells of the invention can be administered to

the patient mgrhéstidingby %-2%esuorost,Jp-0o4 mpnnitodpbz Phirangsaifyts torf. bthak

phar maceuti cal | e dellver vehi cl e, by ingestion, injection,

i nhal ation oﬁsﬁ%y”ﬂ%ﬁ%g?g8$ 23“%?%5? met hods. A preferred nethod is
endoscopi ¢ et r ogngre phathBeL R cd%ﬂ%ﬂﬁ%ﬁs cd%ﬁrflﬁﬁé §domBbixRebfithe | Nj ection or
pl acenent of the ceIIs or pseudo-islet I1ke aggregates into the space

under the rementapfunelatcihe adosggede eainexrhaszbbaadpmpduied they ganftreom pat i ent

to patient; "therapeutically effecti can be determ ned, for
exanpl e bt ﬁ@@eﬂr 1%&@arqp@atwnf%@r|ae@§%e @ﬁﬁ%ﬁ&%‘ﬁ&f@n& i3fetbt i on (e. g

25 insulin progiGs &ﬂh%ff)evefdmp&h&%g%%ohﬁ%’@e enc#}’%ﬂhh%‘%ﬁ&ﬁof‘ evel s of Stem

cel l |ntroduct|on expression o taln genes affected by
such transfehmnnﬁndMCﬁ.the presence or |evels of the encoded product wll
al so enabl e one skilled

The above disclosure generally describes the present invention. A more
complete understanding can be obtained by reference to the following specific
20  examples, which are provided herein for purposes of illustration only and are not

intended to limit the scope of the invention.

EXAMPLE 1

Isolation of Nestin-Positive Stem Cells from Rat Pancreas.

25 Rat islets were isolated from the pancreata of 2-3 month old Sprague-
Dawley rats using the collagenase digestion method described by Lacy and
Kostianovsky. Human islets were provided by the Diabetes Research Institute,
Miami, FL using collagenase digestion. The islets were cultured for 96 hrs at
37°C in 12-well plates (Falcon 3043 plates, Becton Dickinson, Lincoln Park, NJ)

30  that had been coated with concanavalin A. The culture medium was RPMI 1640
supplemented with 10% fetal bovine serum, ImM sodium pyruvate, |0mM

. HEPES bufferleO pg/ml streptomycin, 100 units/ml penicillin, 0.25 pg/ml
amphotericin B (GIBCO BRL, Life Science Technology, Gaithersburg, MD), and
71.5 mM [B-mercaptoethanol (Sigma, St. Louis, MO).
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in the art to select and adjust the dosages adm nistered. Generally, a
conposition including stemcells will be admnistered in a single dose in
t he rangavoh1/1098+ - 108 30 cells per kg body wei ght, preferablUgowizotthe range
of 106-10" cells per kg body weight. This dosage may be repeated daily,
weekly, monthly, yearly, or as considered appropriate by the treating
physi ci an. The invention provides that cell opul ati gns can_al sg be

r enoved f?on1theA53¥|éﬁ?séwﬂﬂﬂﬁ%%ﬁrgﬁh%FGVﬂﬂggmﬁs@%%éﬁﬁ%ﬁ%@%h@ﬂvg?e
transduced- ‘é‘f'{tc&gcﬁgmaﬁﬁ'ﬂ goacfé)@&?lhs“éd&glhglséé?sef ucg% 'ﬁoaﬂﬁ?ﬁ%ﬁ%gf?dg\é? 1/ 39784

PCT/ US00/ 330 sired, and en reln into

Phar maceut i cahe $efiPOSiAtithiRSimd) ehd MYER LoRRInRTgaHE heds fvere repopesi tions
conprising a stemcell according to the invention adm xed with a

phyS|oIoglcak$vn@éﬁédpwml@Kb@ﬁppéﬁdl%@sugédﬂhmlM%W@Hﬁkm%pWﬁywéﬁoglcalIy
conpatible carrier". refers to a-ph oIo ally, ac a ent such as
oo o s Rapra e Sl ndRe TR B8 b PeE RS R VT L e e
adj uvant joAdj 18%@ Heiust Silp pReindnf&PRTh 8 g/mhIHBesis f%EBHl'éé@QFowtﬁ'féHiﬂr@ m

phosphat e, alunlnunlhydrOX|de or alumare materials we known in the art.
The |nvent|oanB@ogmﬂaﬁEQEbnﬁdngpwarm@weut|caI conp05|t|ons I n addition

15 to the active red| S ese phar.maceuti cal osition contain
suitabl e phar maélé‘ﬁg lﬁtéla %ﬁ:@etg ff%eeér%Iﬁ?teiaﬁeﬂa?lg%r%w%m@w 3é%lm

used phar magR iealibk in E’Hﬁ{ BRGEMNITIREE cARMRATbI Q%nfo ePlvBle RS “' str at ion
can be fornulateé1 usi ng pha ceutlcally acceptable carriers we known in

the art in dpssigesby 28mstodtaibing widr a cabblt aathratiestin artisorum &m@Itopealbyl ers
enabl e the pharmaceutical conpositions to be formul ated as tablets, pills,

dr agees, léapddn Mario|{allgiopt the %sachgsy%ﬁgnergh Hospitaks O@G"s‘ﬂf‘éﬁg%ﬁ%"déﬁ?d t he
like, for '“ tﬂe @ﬁ?%l}gaﬁﬁﬁ H;g 15{%1% #hb&@her%ﬁﬂ 5%4191@8 for oral

use can be ob |ne 0 |na Ion O I've-conpounds with solid
exci pi ent, opiABS3d hntit@diyNA MEnéclonkd aﬁtﬁiidlytspétgﬁﬂfdﬂrw&lbrﬁ@dplﬁﬂ%ﬁﬁm ng the

m xture of granul es, after adding suitable

nestin, MAB353 ATCC No. 1023889, is describgd in Journal of Neuroscience
1996; 16:1901-100; and also available from Chemicon International, Single Oak

20  Dr, Temecula, CA 92590 USA. After two weeks of culture, several (3-5) of the
nestin-positive monolayer ,cells‘were removed by picking with a capillary tube
(cylinder cloning) and were replated on the 12-well plates (not coated with
concanavalin A) and cultured in the RPMI 1640 medium further supplemented
with bFGF-2 and EGF. The cells propagated at a rapid rate and reached

25  confluence after six days of culture. After 12 days of culture, the cell monolayer
formed waves in which they begin to pile up in a cb-linear manner. On day 15 of
culture, the cell waves began to condense, migrate into spheroid bodies and by
day 17 the surface of the wells contained these spheroid bodies (ca. 100 um in
diameter), empty spaces, and a few areas of remaining monolayer cells. Several

30 of these monolayer cells were re-picked and re-cloned and the process described

above occurred again in precisely the same temporal sequence.

EXAMPLE 2

Differentiation of Pancreatic Stem Cells to Form Islet

42



auxiliaries, if desired, to obtain tablets or dragee cores. Suitable

exci pients are carbohydrate or protein fillers such as sugars, including
| act ose, woo1/8s5e4 mannitol, or sorbitol; starch from cor npPCWos@v33osi ce,
potato, or other plants; cellulose such as nethyl cellul ose,

hydr oxypr opyl nmet hyl -cel | ul ose, or sodium 30 carboxynethyl cellul ose; and
guns including arabic and tragacanth; and proteins such as gelatin and
collagen. If desired, disintegrating or solubilizing agents nay be added,
such as the cross-Ilinked polyvinyl pyrrolidong, (, alginic acid, or a
salt theteof, SheRCTERIGSIT B Faft Watselirspruiyecd nghad! 5‘@@1“}3} ARG t h

sui tabl e coghings SHER. AFARERNLHBLETER, MRAI0ERH.RETAHSAMSIER 5
sugar sol utions, rch may al'sd, contaln gum arabic, talc,

pol yvi nyl py ifadhtaided én culuird i thre@ ddys if Cheyabisbndetaddddygowth ABWisosthéd t ani um
di oxi de, lacquer solutions, and suitable organic solvents or solvent

m xt ures. Dyleastthesesuppliqs Rynistal Boviag sesam. Afirsdhis peried dugng sthichghe ileigee
coatings for,. product, identification or,taq. characteri t he antity of
et ve compdishaft e, AL 68 6A A LHEIHAR STt B ®iBR o can be

used or apl y The&lehfleel RuUade fHich stiaRtdd 8 proTReRtObutTRInAtHeslcB%s Weddnofsyes Of t
seal ed capsul es nade of gelatin and a coating such as glycerol or

sorbi tol . POslexpesingtuguutb & Ghah (dorgml)rand HGK €20 ngighddi ehdaysnidtadtiki t h a

fill bi | gct t hes, |ubri t h t al
mgnesi um SCAARkPEOG N TopfRuRa fon Bhdlh: Rrpnedheh EBPPruRETR I 15 o

active _COW@ﬁ&?&&d@th@%l&%ﬁ@91'1&&6&11%&3)%91%&9&Gl/e'fé'piélwdtaﬁﬁ|s§béld}rﬂe‘diiﬂ§» such as
fatty oils, Itquid paraffin, or [1quid polyethylene glycol with or wthout

st abi | i zer s newRRawelhphtssiaodhgdin cultired inoths nfediump aoetainergiF GdmdESEr at i on

phar mceat | dgF SURIRSISELT BiRGTaHeq Fi A UGB NBYP et PRI | n aqueous
2010 By O B L I\ 8180 =
Aqueous i nj eadni staited s paisa aase oboyyveelappiag ellssatbddyal’’c By ddyi Chthe beltease t he
viscosity Ofrnitgrg(taedsalfglg(satne%iti?erll}’r inst(l)J g;t]heggalss?rgic#ipg:s and tubular structures resembling
islet-like structures (pseudo-islet like aggfegates) and duct-like structures (pseudo-
20  ducts) (Fig. 4). RT-PCR analysis revealed that the pseudo-islet like aggregates were
. expressing NCAM (a marker for endocrine cells, see Fig. 5), cytokeratin 19 (a
marker for ductal cells, see Fig. 5), and the transcription factor brain-4 (a beta cell
marker). Treatment with growth factors is required to achieve terminal
differentiation to mature islet cells.
25
EXAMPLE 3

Isolation and culture of human or rat pancreatic islets

Human pancreatic islets were isolated and cultured. Human islet tissue was
obtained from the islet distribution program of the Cell Transplant Center, Diabetes
30  Research Institute, University of Miami School of Medicine and the Juvenile
Diabetes Foundation Center for Islet Transplantation, Harvard Medical School,

Boston, MA. Thoroughly washed islets were handpicked, suspended in modified
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car boxymet hyl cellul ose, sorbitol, or dextran. Additionally, suspensions of
the active solvents or vehicles include fatty oils such as sesane oil, or
synt heti wwé at/s978£5 aci d esters, such as ethyl ol eate or trCOUg@asDdIes, or

| i posonmes. Optionally, the suspension nmay al so contain suitable
stabilizers or agents which increase the solubility of the conpounds to
allow for the preparation of highly concentrated solutions. For nasal

adm ni strati on, penetrants appropriate to the particular barrier to 30 be

t he f | ation. Such t |1y k
Do et o, i P MebAT | M eBlep S0 e rBeS @&/@?@ﬂﬁo%é&@%% my be
manuf act ur eq O'rﬁMq{EFES‘%BffEPQ%M' s%gilu'ﬁ?%ﬁ{&atee}(ﬁ) U ﬁxc‘ﬁfm ePRRh onal

m xi ng, dissolving, granulating, dragee-naking, eV|t |ng, emul si fying, 40
WO 01/ 39784 1BCTigys0 133 plomrciesid fups 0125t rigngpr neln tunalgterigin @, ahd plidM zi ng
processes. The pharnmaceutical conposition ﬁ§¥ be provided as a salt and can

be forned \ﬁrmﬁmﬁﬁtﬁyt arglgand added (s Alepmoift+3nigr well ﬁfwé&ukﬁefemwbhw ic,
sul furi c, %&o%xed @%ﬁ 'c%nc&n%%lﬁ{Achmir he été?gfepér%u?r%g% éltcm?'a%& {%ht end to

be nore solu gueous or ot oni C vent s are

correspeadi 9g Hird ﬁ€57l9@S;61t1f 93N Bir ahd s%)cgg hef thegs@mditions, harsf islefsegmpime@ar at i on
may be a lyophilized powder in 1 nM50 nM histidine, 0.1 % 2% sucrose,

2% 7% manni tn@)susagn%o oatedyevhsteas fisrabbasss di ather nOinslS]@mﬁHﬁ atechgi ththisuf f er
prior to use, ar eutic OSIIIOH |S|n ound of
Phec” | nvenclisfiohh gt ThR o s iBuioB R BT PRERE R BuBReR SREBSICG, *t ney
can be 15 Qh@ﬁﬁg fefho®8d Ql@@fs&ﬁr\lvé}’é%éh%ﬂﬁbi&ﬁéd antrebaBehRA ih Ble hé@akaent of
an indicated condition with i nformation 1ncluding anbunt, frequency and

met hod of  &MNlhl G0raedienowThehalsopdenested w529 ngeméreath yf kisscitirbelsstt he

Present | Lvent L8 e (ic) S0TRLELS, SIS AN, 4R R 2R hISY Y
(containing 20-30 islets per well) was added to 12-well tissue culture plates not
coated with ConA. The islets immediately adhered to the surfaces of the plates.
Within several days, a monolayer of cells was observed growing out and away from
the islets. In certain instances, human-derived cells were cultured in modified RPMI

20  media containing 2.5 mM glucose, and several growth factor combinations that
include activin-A (2 nM), hepatocyte growth factor (100 pM), or betacellulin (500
pM). In those experiments in which cells were challenged with 10 mM

nicotinamide, the media contained no serum or growth factors.

25 EXAMPLE 4

Effects of Glucose and GLP-1 on Differentiation of Pancreatic Stem Cells.

Elevation of plasma glucose concentration leads to increased pancreatic islet
-size. The effect of the glucose concentration in the culture fnedium was therefore
investigated using isolated islets, which contain nestin-positive stem cells. Rat
30 pancreatic islets were cultured in a medium containing high (16.7 mM) glucose or in
normal (5.6 mM) glucose. After four days, RT-PCR was performed to determine the

level of nestin mRNA. The results indicated a three-fold stimulation of nestin
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20 exanpl es, which are provided herein for purposes of illustration only
and are not intended to limt the scope of the invention. EXAVPLE I

| sol ati oweD1/Mast i n- Positive Stem Cells from Rat Pancr easpCPbSRe3031s| et s
were isolated fromthe pancreata of 2-3 nonth old Sprague- Dawl ey rats

usi ng the col |l agenase di gestion nethod described by Lacy and Kosti anovsky.
Human islets were provided by the D abetes Research Institute, Mam, FL
usi ng col | agenase digestion. The islets were cultured for 96 hrs at 37Cin

12-wel | plate Fal gon 304 | at es, . Becton Di ckinson, Lincpoln Park, NJ) 30
that - hadSbedRRNSHERIS 1 6 NhEATEAIn HERET RS CORdo AR Wiesdm 1640
suppl enent eq, Wb 1&&%@%@ a4y bovine serum 1nM sodi um pyruvate, 10mM HEPES
buffer, 100 Sgylrgg stre tgaéci n, 100 units/m penicillin, 0.25 gg/m

anphotericin B (SanB&ly,BRectidd dfeglGaigondike pegtiieol (G- 11hitd hecsbay fpundty , and
71.5 nM (3-nercaptoethanol (Sigma, St. Louis, MJ. 41 WO 01/39784 '
PCT/ US00/ 3301areass iskgtiraqss i 2njold inr48draps. dsrackanimise heying orflisrupted 2679 | s had

adhered to tf Pﬁg[ IE%?%K?]I{) vg&%%ﬁﬁﬂﬁl\é?g&n}eﬁ%& g%:?rgsqmmh Ip ?c%gﬂictiggtsi SUEES

remai ned floa ere ace). Is tiime, the nedia

cont ai ni10g  theninekiainn @ik 4 RSN astibodyemsrfbhninbedomiedlaneiucbe pur ged
islets replated in 12-well plates without a coating of concanavalin A The

i sl ets were comparede nomesd nipe with Globy ee®Pigrs. 10 1640 nedi um suppl enent ed
with 20 ng/m of basic fibroblast growh factor-2 and 20 ng/m of
epidermal growth factor. The islets adhered to the surface of the plates,

and cel |l s graywnl Ve oPDibetds'MBNikine 1Sl ets in a nonol ayer. These cells
that forma nonol ayer were nestin- positive by immunostaining with a rabbit

anti-rat nestin Tapdtinsets don deha¢sopelditusyty dthy resuiniroliefaif lite jspmatontsaze
A S NG LM RN M
A ronocl onal,n gl %8 REG i ddel fRaghil afiMbYQiuedi ek f¥rdhiting diabetes in

hqmans. Potential treatments for diabetes can therefore be first examined in the

animal model by administering the potential treatment to the animal and observing

the effects, and comparing the treated animals to untreated controls.

20 The non-obese diabetic (NOD) mouse is an important model of type I or
insulin dependent diabetes mellitus and is a particularly relevant model for human
diabetes (see Kikutano and Makino, 1992, Adv. Immunol. 52:285 and references
cited therein, herein incorporated by reference). The development of type I diabetes
in NOD mice occurs spontaneously and suddenly without any external stimuli. As

25 NOD mice develop diabetes, they undergo a progressive destruction of -cells which
is caused by a chronic autoimmune disease. The development of insulin-dependent
diabetes mellitus in NOD mice can be divided roughly into two phases: initiation of
autoimmune insulitis (lymphocytic inflammation in the pancreatic islets) and
promotion of islet destruction and overt diabetes. Diabetic NOD mice begin life

30  with euglycemia, or normal blood glucose levels, but by about 15 to 16 weeks of age
the NOD mice start becoming hyperglycemic, indicating the destruction of the

majority of their pancreatic B-cells and the corresponding inability of the pancreas to

45



nestin, MAB353, ATCC No. 1023889; is described in Journal of Neuroscience
1996; 16:1901-100; and al so available from Chem con International, Single
Cak 20 DwoQomaatecul a, CA 92590 USA. After two weeks of cubcDsgo/zsesner al
(3-5) of the nestin-positive nonolayer cells were renoved by picking with
a capillary tube (cylinder cloning) and were replated on the 12-well

pl ates (not coated with concanavalin A) and cultured in the RPM 1640

medi um further supplenmented wth bFG--2 and EG-. The cells propagated at a

rapid rate and,reached 25 confluence after. six.days of .culture. After. 12
Gays ot " dul draicE B Enf s AN B oty RbR SOOI RS BH P& ibegi n Lo
pile up in a;aRt NTHMmibPARFienddie (¥ Qlria, BV, abdBoIGRIA, Waves began
t o condense, lm' Sr ate iﬁto sphg} oig bog?ygg gﬁaﬁbg %a?ﬁ?ﬁ?ggh%urface of the

wel | s cont aiacemnpdnasieysprapidoweighiddse sTHusaboth @@ aqusd and tHe progressipn of et vy

spaces, and a few areas of remainin nol ayer cells. Several 30 of these
monol ayer c&lIeasqr SRR ) ymagp %H’“Egég&%?ﬁéﬂ&hwam%‘iepﬁp‘g@éééabﬂté‘%cri bed

above occurredi:agakh i sel: u - E 2
R e b R s
PCT/ US0Q033@dimalbdieanidtiedtto @ nialtied sftdr tinonsat of didbetes fuinless thevilkéaeived i n RPM

medi um cont ai ni hg 10% fetal bovine serum using concanavalin-A coated
12-wel | pl ateslinth@gapys| ets were maintained in culture for three days in

the absence of aqdadydronthJ AChat 5, el bR LDARe.muppLied by, etal

bovi ne serum Afte S per uring (e els not attach,

the islets wafigud hahsdeshtadirhéntof @RBeel By 8mMidtbiM 2 GBMGRAN PY&atdlion 10 The
stemcells were then stinulated to proliferate out fromthe islets as a

monol ayer  lipcasting$e Hy intrampno ASEEF, 2repenh giaradisindat RGOSR pglsrrg f or 24
a popul 401 ottt adhs SRR LRk SRR L PEE LaMBEeT S rom t hat popul ation
vere picked and 3RENPASH akd¥dninieded & YROD Rbale s pihatly dgddgeritdtlehiyy, ed in
t he medi um cont ai ni ng bFGF and EG-. 15 The subcl oned célls proliferated
rapi dly i nt aceordimgad thedpllowing dobageamduasshiN@D mice are administered about
1X10' to 1X10* cells per mouse. Administration of the cells is started in the NOD
mice at about 4 weeks of age, and is continued for 8 to 10 weeks, e.g., 3 times a
20  week. The mice are monitored for diabetes beginning at about 13 weeks of age,
‘ being tested twice per week according to the methods described below. The effects
of treatment are determined by comparison of treated and untreated NOD mice.
The effectiveness of the treatment methods of the invention on diabetes in the
NOD mice is monitored by assaying for diabetes in the NOD mice by means known
25  to those of skill in the art, for example, examining the NOD mice for polydipsia,
polyuria, glycosuria, hyperglycemia, and insulin deficiency, or weight loss. For
instance, the level of urine glucose (glycosuria) can be monitored with Testape (Eli
Lilly, Indianapolis, IN.) and plasma glucose levels can be monitored with a
Glucometer 3 Blood Glucose Meter (Miles, Inc., Elkhart, IN.) as described by
-30  Burkly, 1999, U.S. Patent 5,888,507, herein incorporated by reference. Monitoring

urine glucose and plasma glucose levels by these methods, NOD mice are

considered diabetic after two consecutive urine positive tests gave Testape values of
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expanding fromthe center to the periphery. The cells becane confl uent at
day 6 and then started to forma wave of overlapping cells on day 12. By
day 17 tiwoorbd784 migrated al nost entirely into spherical peT/UBEI3dDEAS and
tubul ar structures resenbling islet-like structures (pseudo-islet |ike
aggregates) and duct-like structures (pseudo 20 ducts) (Fig. 4). RT-PCR
anal ysis reveal ed that the pseudo-islet |ike aggregates were expressing
NCAM (a rrar ker for endocrine cells, see Fi g 5) cytokeratin 19 (a marker

for duct cells ee F t he ctor brain-4 (a beta
cell mm ker OFI'I?lé’g‘frrPétﬁ’ a%WatgAu‘@rSB\EﬁV 35{) ‘I‘%B'w% Sty h chnher

term nal d'nflffaﬁg Sms’sé’}tlhgﬁlab&eMNbﬁ rhﬁ'e%t I_eﬁlahﬁne gaicw&ﬁlﬂek/élgln?t i on and
cul ture of human or rat- pancreatic islets ancreatic islets wer

i sol at ed andN@DIrtive.eBor dAampie, ipah@éaticiissulia lovads caﬁbie&:lxﬁmiheﬂrbgm the isl et

di stribution programof the Cell Transplant Center, Di abetes 30 Research
Institute, URMMBPasseyanstcampared Spermireand apdgoatrakmigsd Yope USvRaHEMte Di abet es
Foundat i on geéﬂﬁ)esrﬁglﬁ relhﬁhg%r%%fa%ﬁ rgﬁ}e"ﬁgé Oy tlt?ﬁas%é?fsu ndlls%)%tra dp 1981&1

Bost on, rou Irslets vver handprc suspen Ih nodified
43 WO 010391&541sE’ d&&@@h&&@%&nee’ﬁtrﬁiﬁ’dﬂ is HertEmiredb 1t(slﬂmﬁmBMa§ﬁ\}i@0§®h as

suppl enented with 10% fetal bovine serum 10 HEPES buffer, 1 nM sodi um
pyruvate, 149 rwlp@vmmoap@mtecmnnqu@s,@smdnw inspbo agastandar. streptonym n

sulfate, 0.25 n ter B 71.5 toe

added to Fal conq%gi‘étl t%ngPl ?I?Iégs]ﬁgﬁcrﬂ Cfg?r dighetgsdn gF'&%{?lnﬁﬁcf? rlkf’oat ed
wi t h Concangy@htife AefHeRS O treati@nt 4tk §1t50 RIBRBFA b PR etiNE Hpgérfe%rig(ﬁfct-lo 96
hrs at 37Cwith 95%air and 5% CQ2. In these conditions, nany islets

remai ned i spsulpeiiesitoil the dtenatceldy admwhfstee@cbwénebranbﬂoaseci;oxamdlsfﬂctadrmﬂnm i slet

cells at ached to the strat m. After 96 h ncubati on the nedi
cont ai nil thﬁ@r%%%‘éﬁ&’é%ug QY488 2 Cor Rl vob@ecifs CWERR CXRIFSSI!

manual |y IOI QM@BQ(%B%%%Q%%Q”Q eH@ctE bg d{E‘Bgt' %' Bt e %4\ g%;s}eﬁﬁgé & tHQW

further supplenente /L each o asi c £
heterologous gene product may be examined by immunohistochemistry of the

pancreatic (3-cells of NOD mice for the gene product and for insulin. The expression
of the patched and smoothened genes is further examined in NOD mouse islets by
20  detection of the RNA transcript for the patched and smoothened receptors. Reverse
transcription-polymerase chain reaction (RT-PCR) amplification is performed by
known means to amplify a fragment of mouse patched or smoothened cDNA, and
analyzed by agarose gel electrophoresis, according to standard means. The
identification of the amplified cDNA fragment is confirmed as corresponding to the
25  patched or smoothened RNA by hybridization of the amplified fragment with a
radiolabeled internal oligoﬁucleotide probe for the patched or smoothened genes, or

by other such methods as known to one skilled in the art.

EXAMPLE 5

30  Immunocytochemical identification of nestin positive human and rat pancreatic stem

cells

Pancreatic islets were analyzed for nestin expression. Islets and stem cells
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15 growth factor (bFGF) and epidermal growth factor (EGF). The islet
suspension (containing 20-30 islets per well) was added to 12-well tissue
culture pv@avesw7ept coated with ConA. The islets i med at eCyvsdsnad to the
surfaces of the plates. Wthin several days, a nonol ayer of cells was
observed growi ng out and away from the islets. In certain instances,
human- derived cells were cultured in nodified RPM 20 nedia containing 2.5
nmM gl ucose, and several growth factor conbinations that include activin-A

(2 nM, hepatocyt ow h factor (100.. or. betacgllul,in (500 pM. In

those ex eri%ﬁ%/sé’?qt%{%\Ii\frfeé‘ﬁ‘b(f’glaiggvﬁégﬁsng%i”ieésdﬁ%ﬁ'awﬂgﬁ“fghr¥|v| ni cot i nani de,

the media cqmne@ﬁoa%nﬁeéltgmiﬁhgg{Mshnét%%%ﬁon ,3&413%%&@&5&@“ s of

G ucose and G.P-1 on Differentiation of Pancreatic Stem Cel | s. evation

of plasma glisleodestersof embrymhicodayl 16836 ) @t pancreaagitg. papardaatisletsiofttet  si ze.

The effect of the glucose concentration_in_the culture,mfdi umwas therefore
Gl

i nvest i gat eddHYiPARFTFASAPattaatali &) daye) (Figh 8B Bampnosytordemical plaiuing was st em

cells. Rat at hcoLslets were cultured in a medi um contai ning high
(16.7 mV) ¢l %(r:fggg&{)%agolr%gw%or mal (5.6 mM) glucose. After four days, RT-PCR
was per fior med t o Qigbedctivne(d o) prepdadd dm @ty snicBMNA16 The adels Wa gyl ndi cat ed
a three-fold stimulation of nestin 44 WO 01/ 39784 PCT/ USOQ 33031 5 nRNA

| evel s in tHat pasicesata asuvell peeellsiveip dired widok% nesfpapadelyde imphosphates

cultured in rmal al e, (Fi 6). §mlarl i pjection of glucagon-like
peptide-1 (&9@21“;@? rt# %%%gcg(gé\&v/alglg?%y[)r(\)(ﬁm?foggr}kﬁ%r%fggéﬂ%rs PR 490 y 2-fold in
48 hours. Knegk&bturédhi®indabited with Privhdtpascde beernfghi o GHFE 1 TheGaRdps Wer e
exam ned for nestin expression in pancreatic islets. 10 | mrunostai ni ng

usi ng a nexiwerammsé¢sboff withsPBBand incubdsed wathkbel kgspeasingdext3 and fjya? éabeted nor mal
mce with GLP-1 receptors. Aninal Mdel of D abetes Mellitus Treatnents for
i abet edSerrrageStsiSariar T ottt PR FwPEERIG; Jies SCFpiEMYashed Wil ¢ o5t ed

it Rean ani malppdhirfahe RERIBPES with TR ABe R imdinRE hftdiunh (KirRe gl £RPPALEd t hat
Labs, Gaithersburg, MD). Tissue sections were incubated overnight at 4°C with
primary antisera. Primary antisera were then rinsed off with PBS, and slides were
blocked with 3% normal donkey serum for 10 min at room temperature before

20  incubation with donkey anti-Cy3 (indocarbocyanine) and either anti-guinea pig
(insulin), anti-mouse (glucagon), or anti-sheep (somatostatin) sera DTAF (Jackson
Immuno Research Laboratories, West Grove, PA) for 30 min at room
temperature. Slides were then rinsed with PBS and coverslipped with fluorescent
mounting medium (Kirkegaard and Perry Laboratories, Gaithersburg, MD).

25  Fluorescence images were obtained using a Zeiss Epifluorescence microscope
equipped with an Optronics TEC-470 CCD camera (Optronics Engineering,
Goleta, CA) interfaced with a PowerMac 7100 installed with IP Lab Spectrum
analysis software (Signal Analytics Corp, Vienna, VA).

The nestin-positive cells are distinct from —, a—, 8—, and PP-cells because

30 they do not co-stain with antisera to the hormones insulin (Fig. 8A & B), glucagon,

somatostatin, or pancreatic polypeptide. The nestin-positive cells also do not co-

stain with antisera to collagen IV, a marker for vascular endothelial cells (Fig. 8C)
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animal will serve as a nodel for agents and procedures useful in treating
di abetes in humans. Potential treatnents for diabetes can therefore be
first examdonesh78n the animal nodel by admi nistering the por/@seimsbh3i
treatnment to the animal and observing the effects, and conparing the
treated animals to untreated controls. 20 The non-obese di abetic (NOD)
nouse i s an inportant nodel of type I or insulin dependent diabetes
mellitus and is a particularly rel evant nodel for human di abetes (see

Ki kut ano_and Maki 1992, Adv. | rnmmunol. 52:285 and references ed
t her ei n, 2her8f W1 ﬁe&ﬂﬁa?ra%a galpninef agRe 49T nefﬁeeceglé@éﬁmﬁlpn@fm%év |

dlabetes i C e
extornal st oA b R e e e R Ny bl s B
progressi ve igdasbeiaet ivdth diftirfcBeelBl wishimtieciblets deaBusservbybpnadieani ¢

aut oi mmune di sease. The devel opment of insulin-dependent diabetes mellitus
in NOD ni ce cestaingg digi4d roughly into two phases: initiation of

aut oi nmune insulitis (lynmphocytic inflammation in the pancreatic islets)
and pronotion of islet destruction and overt diabetes. D abetic NOD mce
begin lilbe EXAMMPLEWYl ycem a, or normal bl ood glucose | evels, but by about
15 to 16 weeks of age the NOD m ce start becom ng hypergl ycem c,

i ndi cating "'"&* t ReSHN PeSIt YRenunpy eatlc(3 cells

and the corresp bi.lit . par WD 01/ 39784

PCT/ US00/ 33031 9’%’&% © 4 %8% ‘gagll‘feﬁ‘?%ﬁ{‘o PG SRR n
defici ency %@Her@é‘t&efs&@/ Q@%e@forﬂie@laﬁtﬂﬁPN@%mhﬁ%eﬁﬁpﬁk'l\%ﬁﬁné%’t@lrl@NA

gl ycosuria, pol ydypsia, and polyuria, acconpanied by a raprd weight | oss.
Thus, both tphepacalifremaineshiyhsolptedgresistsomdofiurhdreisletitiseas R BPERSWaS | ar to

human patients aff|licted with ulin depepdent diabetes nellitus.
Spont ang%us PEERaed A5of n%éf’r@’ﬁf"@‘b%'é‘g R?‘ﬂ NOD mice, and these diabetic 10

ani mal s die wi thifyl eQuidr ﬁﬁﬁi RIOB eldGtorh &t (agiggﬂanolfsleg' @R%@?r snl ess they

receive insulin therapy. nouse i s an ani mal nodel to test
t he ef f ecti vensstedfant hmph‘ﬁad b PCRrédrtBidsy obds dsrdesdrited tprofiowliyatidirgd doy

adm nistering a _stemcell preparation_according to the invention. As such,
treatnent vith- 88§ rERdorERPIgRY oF39%:12dr 2P The é’llgOHUCIGOtldeS used as primers

or amplimers for the PCR and as probes for subsequent Southern blot

20  hybridization are:
Rat nestin: Forward, 5’gcggggcggtgcgtgactac3’;
Reverse, 5’aggcaagggggaagagaaggatgt3’;
Hybridization, 5 ‘aagctgaagccgaatttccttgggataccagagga3l’.
Rat keratin 19: Forward, 5’acagccagtacttcaagacc3’;
25 Reverse, 5’ctgtgtcagcacgceacgtta3’;
Hybridization, 5’tggattccacaccaggcattgaccatgeca3’.
Rat NCAM: Forward, 5’cagcgttggagagtccaaat3’;
Reverse, 5’ttaaactcctgtggggttgg3’;
Hybridization, 5’aaaccagcagcggatctcagtggtgtggaacgatgat3’.
30 Rat IDX-1 Forward, 5’atcactggagcagggaagt3’
Reverse, 5’gctactacgtttcttatct3’

Hybridization, 5’gcgtggaaaagccagtggg3’
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15 tested in the NOD nouse for their effect on type | diabetes. The stem
cells are adm nistered to a NOD nouse, typically intraperitoneally,
accordi ngvoo1/34184 f ol | owi ng dosage anmounts. NOD nmice are apai/nwserspad about
1X10" to 1X104 cells per nouse. Administration of the cells is started in
the NOD mice at about 4 weeks of age, and is continued for 8 to 10 weeks,
e.g., 3 tinmes. a 20 week. The mce are nonitored for diabetes beginning at
about 13 weeks of age, being tested tw ce per week according to the
effe of treatne are determ ned by

net hods gesgil bed bgl OW. TH:e S;
conpari s ULl and rﬂrW@'ﬁjt da%%ﬁaﬁ%c 82fFa 'ef f ecti veness of the
treatment methods of the i qu&pLk O C%ggéﬁ%g%gétdtﬂ the NOD mice is

e

noni tored by assaying for di abetes 1M m ce by means known 25 to

those of skill in the art, H)dmdazaarrpj é’tatgamg’ggutgggtdgectg@@amgmﬁ for
pol ydi psi a, I—POl yur| a, gl ycosurl a, {) ycem a, and insulin deficiency, or
wei ght | oss. n keradn: ‘ance, Foryard, é\/‘é “Cé?gclgl;?‘ﬁécaé@ucose (gl ycosuria) can be

noni tored with Testape (El '%vHsle,d?"gaﬁcﬂ ‘lftg"a&@%g&’ IN.) and plasma gl ucose

| evel s can be nonitored wt comne ood d ucose Meter (M es,

Inc., Eh@hart, IN) as desQ—Iyﬂﬂﬁ(ﬂzaﬁyn39’aawh{g|aggag%9ﬁ&,agtdc§;tg£@l3€nt 5, 888, 507
herein incor orated by reference. Monitoring urine glucose and plasma

gl ucose | evélunangheagon: medipsyard, Riatrtggacsccagecstscsh’si der ed di abetic after
two consecutive urine posit everste ag Ve 'I;?tstaapg val ues of 46 WO 01/39784
PCT/ US00/ 33031 5 +1 or hi gier 8’r R GTUEEEE evel s >250 ng/dL (Burkly,

1999, supra). Another rreansH}q;nd%ﬁ@wyga%aeéag&tgggdgacd‘p@@gmg gy’is to exam ne
pancreatic insulin levels in NOD mce or exanpl e, pancreatic insulin

| evel s can be exeﬂnnrmel“{@ye salenteshbamstay diffdrenberpans @dd anenmgpassadlait dehsand

trol Patent, .. 5, 470 3 her ej corporated b
(r:gp eﬁgn&g]) op ll{tf-ﬁlgc Eeélé‘gncer ne o an R Q&uéc?ofﬁ:rglﬁf' pBEEIOB'énC?/eas and

|t concent kahpR. FERIGEREIRA B¢ \tdr | HIHRNARGIEMOAY fUBNLGES Y

radi oi munoassay techni‘ques, using nouse insulin as a standar I n addition
to nonitori 0§/3€4C0 foxr 46 sf:cm; 72 Gfet Eminn3yeywdesaland TAEC db1f 2atis. dhet he
e Ve e Wmpersiare was 589 dF 2l ndoiin and Se0C 101 thd Famaihne piimer O 9°"
pr oduct - g temp 0 es emaining primer
pairs.
20 For Southern hybridization ol‘igonucleotide probes were radiolabeled with
T4 polynucleotide kinase and y*2P ATP. Radiolabeled probes were hybridized to
PCR products that had been transferred to nylon membranes at 37°C for one hour,
then washed in 1 x SSC + 0.5% SDS at 55°C for 10-20 min or 0.5 x SCC + -
0.5% SDS at 42° for the human PCR products.
25 The RT-PCR generated products of the correctly predicted size (Fig. 8E,
upper panels) and were confirmed by Southern blotting (Fig. 8E, lower panels)
and by DNA sequencing of the products. These data demonstrate the
identification of a new cell type in pancreatic islets that expresses nestin and may

represent an islet pluripotential stem cell similar to the nestin-positive stem cells in

30 the central nervous system.

EXAMPLE 7
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specific effects if the stemcells adm nistered were transfornmed or
transfected with a 15 heterol ogous gene, thereby allowing a correlation to
be drawn vevuswsds expressi on of the heterol ogous gene andeCtraseifsesst s on

di abet es. For exanple, the presence of the heterol ogous gene product may
be exam ned by i nmunohi stochem stry of the pancreatic (3-cells of NOD m ce
for the gene product and for insulin. The expression of the patched and
snoot hened genes is further exam ned in NOD nouse islets by 20 detection of

the RNA transcript for the patched.and sno Ehened receptors. Reverse
transcri tlmM—WC@ anplification is perforned

by known means 1 B, b%xes@nf ogﬂ{v%rg%enpéelm&ﬁﬁm@@r% fYitR] wéﬁ@&&ﬂﬁﬂﬁfjmns

and anal yzed by. agarose gel ectrophoresis, according to sta

The identification of the anplified cDNA fragrrent is confirned as
corresponding to the 25 patched or smoothened RNA by hybridization of the
anpl i fied fragmdfetSremar rPHU@Q)%}b@lldéétsl‘Htaefﬂq{%al adyl J@HU%TF W8t @6t probe for

ki 1 Pod i FRaeE PR bIRATRAL gy en N ol A A S RRATRENEIERET  © O

nestin posi tmmmumlrmﬁgd1m%tfeﬁaacmﬁats¢mnsfoermurccﬁlylsso nea@isiet i slets were
anal yzed for nestin expression. Islets and stemcells 7 WD 01/ 39784

PCT/ US00/ 33@agpargioneriditirgblpsis and aﬂleaegmslmcallaﬁ@t/edhem&tq nheéswﬁe@x@t@n was

b db h n t atiqn. of cell
ot b e ey PO PR a8 nod afhgte 88 pie et b ey e RS NonfihgR, . s
(Fig. 8A) angkrk eome%ke@tasldq?arisfeeredetaqhtwaﬁpﬁfe@qsmﬁm%m @batﬁfg) déntSihideH 9.
8B). I mmunocytochemn cal staining was performed as 10 Cryosections

(6 M pr eparﬂe@saﬂmeoanélrﬂgdyﬁ?MI:1Gﬁymt61uannbmdddltlo(ualy snllapbememwtl wpidinbFelt a as
well as cells xed wi th 49 arafr | d sp Cells were
first bl cké‘&d&iﬁ‘{fﬁ(%d 0%/ At ‘FﬁSP) fhgéff"’%t gﬂycgg ?FPF( tog?)(gﬁ‘i YVE¥per at ure
and i ncubat ggie¥ed BeRiutdBIY AOKhGFH B &}fﬁlﬁlgfegﬂé pRHlit&Stion BEn@RhT S&hRells

derived from ependyma of the brain (Reynolds and Weiss, 1996, Dev. Biol.,

175:1-13). The islets attached to the plates and cells slowly grew out of the islet
as a monolayer (estimated cell doubling time 40-45 hrs in human cells). The

20  outgrowing monolayer of cells were phenotypically homogenods (Fig. 9A, panel
1) and expressed nestin (Fig. 9A, panel 2). Rat cells were picked from the
monolayer (batches of at least 20-30 cells), subcloned into 12-well plates, and
incubated with the modified RPMI 1640 medium (11.1 mM glucose) confaining
bFGF and EGF. The subcloned cells grew rapidly and became confluent at six

25  days with an estimated cell doubling time of 12-15 hrs (Fig. 9A, panel 3), and by
12 days formed wave-like structures. After 15-17 days of culture, the cells
formed islet-like clusters (ILCs) (Fig. 9A, panel 4). Similar cells were cloned
from human islets (Fig. 9B). Upon reaching confluence (Fig. 9B, panel 1), the
human cells migrated to form large vacuolated structures in the dish (Fig. 9B,

30  panels 2 and 3). The cells lining the large spaces then changed morphology,
rounded, and aggregated together forming three dimensional ILCs (Fig. 9B,

panels 4-6).

51



were rinsed off with PBS and i ncubated wth the respective Cy-3 and Cy-2

| abel ed 15 secondary antisera for 1 hour at roomtenperature. Slides were
t hen wasived ows474 PBS and coverslipped with fluorescent noRpaT/USE/asexli um
(Kirkegaard and Perry Labs, Gaithersburg, MD). Tissue sections were

i ncubated overnight at 4Cwth primary antisera. Primary antisera were
then rinsed off wth PBS, and slides were blocked with 3 % normal donkey
serum for 10 min at roomtenperature before 20 incubation with donkey

i -Cy3 d boc d th ti- |
Thti - oude (ol ue daORY o R R O st aon Ry it & PRROY ks on
| mmuno Resea('ﬁﬁ?s)hﬁ'ﬂ%ﬂﬁé?f {hese IT&SHe &Xﬁﬁteﬁx@éd E;ﬁgn?’ﬁcﬁ' dagou[f%%rblot

t enperat ure es were en rrnse COVGI’S I ppe

fl uorescent anmfmmd uhgt theyl iexpregsihe keagerind rartlePNCAWM Wadhahladedirdddssion
Gai t her shur g, Fl uorescence images were obtai ned using a Zeiss

Epi f | uorescéﬁ%léc%“’)c,(pé%’@bﬁba cHifppedethdei, HY: 20 r%fﬁl(gg ﬁé‘C—f paEd caner a

it a1 ed with Pl s Sl POTRAREY SRR G corp

Vi enna, 19A) .paiitg., rlestzewptssiuwemgzepﬂl | 998! & Mistdchéral ChiRAe3-43:245-5%-, and
PP-cel |l s because 30 they do not co- 'stain with antisera to the horm)nes

i nsul i n (Fi glougsngeByl;, 1G04 Bipdstes, 45ARTH93thin, 9Grlefpaoeleht At thiostypept i de.

The nestin-pgsitiv |1 s al d isera to coll agen
Ve o mar kerots et i ApdBeRE iR Egined Ribg e s SHRER L 30704

PCT/ US00/ 330&%§reg5teﬁ'%to‘@él&thlllﬁznc@nélhﬁ@rrsUfHe& Pegi PUxPres@ pHRITERIC deks Nerve
cells or a monocl onal antibody to cytokeratin 19, a specific narker for

duct al cel | INUGAN. anE)CKl‘ﬁésbumwpt@shrmtmnsaxaressmg of nsket@scmb@;amé ofithén

di stinct _cells wt islets clearl rved.b ear costal ni ng

(Fig. 4Dy. f(l? "ﬁg LR ﬂ}c/ﬁ‘ ‘E‘géf‘inﬂaﬁ%‘gf CHEGEHSadl 1 at

stem cel | s was%opr@a) oFiR2eQQR hul R ﬁtmmﬂ%xtpp% ﬂbP@én bélffbghi cation of
F ts, er

nestin expression in - pancreatic IS ormed a of the
nesti n nMRNA tysicalty Iteqmaés fi¥Aa proliferative phase and then quiescence of proliferation in

the presence of differentiation-specific morphogen growth factors. Therefore the
culture conditions were modified in some instances by replacing the media

20  containing 11.1 mM glucose, bFGF and EGF, which induces proliferation of
cells, with media containing lower glucose (2.5 mM), which is less proliferative,
and the factors HGF/Scatter Factor or betacellulin and Activin A. Glucose is a
known proliferative factor for pancreatic islet B-cells (Swenne, 1992,
Diabetolégia, 35:193-201; Bonner-Weir, 1989, Diabetes, 38:49-53) and both

25  HGF/Scatter Factor and Activin A have been shown to differentiate the pancreatic
ductal cell line AR42J into an endocrine phenotype that produces insulin,
glucagon, and other pancreatic endocrine cell proteins (Mashima et al., 1996,

Endocrinology, 137:3969-76; Mashima et al., 1996, J. CCIin. Invest., 97:1647-54).

30 Cultures containing ILCs expressed the pancreas-specific homeodomain
protein IDX-1 by immunocytochemistry (Fig. 10A, upper panel), RT-PCR and
Southern blot (Fig. 10B), and by Western immunoblot (Fig. 10C). The ILCs also
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prepared fromfreshly isolated rat islets and human islet tissue. RT-PCR
was 15 perfornmed according to the follow ng nmethod. Total cellular RNA
prepared Woomnmsg7sd or human islets was reverse transcri beBcCuudooaspdii fied by
PCR for 35 cycles as described previously (Daniel et al., 1998,

Endocri nol ogy, 139:3721-3729). The oligonucl eotides used as prinmers or
anplinmers for the PCR and as probes for subsequent Southern blot 20

hybri di zati on are: Rat nestin: Forward, 5 gcggggcggtgcgtgactac3';

e 5 SRR AR e Ml BT it g
acagccagt actj6ARE4 hmunoractRRVAL &G on Ogl6L oA ARYEPEECACHA Fulin. .
Hybri di zati on, 5'tggattccacaccaggCattgaccatgcca3d3”. Rat NCAM Forward, 5
clagcgt t ggag o maaindassayeofomedia oBtatrteda‘allddmmtggng%gtoif godire olffydhetilddezat i on,
5 ot cact goagUATa b MeTe it v Goes 4 HReERILAL dr 030 PRTbr | i zat i on,
e e T
Hybri di 2a8ti on, 5'ThailgemdgdacioyaowegiratigndaanRgie3nedia Weradetiaiinéd By
Forward, 5'cttttcgcgcgcccagcatt3'; Reverse, 5' gatcttcctgtccctcgage3' ; 10
Hybri di zat i d¥I2 senaHbvedediapagassy dagracgesghgae LincoResnardy lne agish:
Forward, 5'g{gtggactSEa9969" ORfantisBE %GR @ AITAREIRRLIS AN S85895
anti-human insulin and rabbit anti-human glucagon. GLP-1 secretion was
measured with an anti-human GLP—1(7;36)amide rabbit polyclonal antiserum
15  raised by immunization of a rabbit with a synthetic peptide CFIAWLVKGR amide
conjugated to keyhole limpet hemocyanin. The antiserum is highly specific for the
detection of GLP-1(7-36)amide and only weakly detects proglucagon. The
sensitivity levels for these assays are 6 pg/mL, 13 pg/mL and 10.2 pg/mL,
respectively.
20 Incubation of the ILCs for 7 days in 10 mM nicotinamide, as described by
Ramiya et al. (Ramiya et al., 2000, Nat. Med., 6:278-282), increased inéulin
secretion b'yu.\2— to 3-fold.
Several additional pancreatic markers were expressed in differentiated
NIPs such as glucose transporter-2 (Wang et al., 1998), synaptophysin, and HGF
25 (Menke et al., 1999) as shown in Fig. 1§. To determine whether the
differentiating NIPs may havé properties of pancreatic exocrine tissue, we used
RT-PCR and detected the expression of amylase and procarboxypeptidase
(Fig.15). |
Some cultures of NIPs containing stem cells also expressed the mRNA
30  encoding proglucagon and insulin as seen by RT-PCR (Fig 16A and B).

The expression of IDX-1 is of particular importance because it is

recognized to be a master regulator of pancreas development, and particularly to
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Hybri di zati on, 5' cacgatgaatttgagagacatgctgaaggg3'. Priners were selected
fromtw different exons and enconpassed at |east 15 one intronic
sequencewoni/adei ti on, an RT m nus control was run for noBCT/@asyd3esn. PCR
cycling was at 94C for 1 min followed by 94C for 10 secs, 58/ 56C for 10
secs, 72C for 1 mn, 35 cycles, and 72C for 2 min. The annealing
tenperature was 58C for rat nestin and 56C for the remaining prinmer pairs.
20 For Sout hern hybridizati on ol igonucl eoti de probes were radi ol abeled with

T4 pol ynucl eoti de kj pase and y32P Radi gl abel ed pro re hybridized
Lo PO B o e e Rk et sl dpistioBe of S erATErralte MRt SneloghatanC oo
one hour, thefwashed (Sﬂ)ftgeﬁsxetsﬁc 199@ C’gré%l&[)gnaécrﬁ@g\ﬂ?ﬁb %I%Och 5“ or 0.5 Xx

SCC + 0.5% SDS at 42 for e huran ucts. ener at ed
products of the (Bm:msetthqnmgedebsmstﬁdlm et Bialso Kiown topretr lpganel s) and were
confirmed by Southern blotting (Fi E, |ower panels) and

sequenci ng diffenatiggioaicels IW@@ag&@aCtﬂerH%‘flPﬁY éuflﬂéthel féf@ﬁ%tiﬂfli’ftfﬁ{dl on of a

nevi cel | {yRed INPRAGS B3 ool Sl HIBLAPLERR AR ERHLN 8P IRV odhePr eoent

an islet pl emce sim o5t e stem cel | s

in 30 tbe qEAbee, 42EINMOUST26YRb&MberzX A K ell mnmaﬁxmam%wmw&@g)/ 33031
51Invitro prollferatl on of nestin positive stemcells The ability of

nesti n- posi tef ¢, b?%m\ﬁé]hloﬁ’stpdcbr,(ﬂmﬁéﬁaﬁé@),l st EXpresiden Wé& élraﬂﬁmédn the sl et s

prepared fraom 60 da | d.r adul t .human irst.. plated on
concanaval i RAACIEYk %‘ﬁ:? fs%@it rﬁﬁsd %ﬁ? 3@‘8“?586%8&‘%‘5‘% emi%% Wi redi um
cont ai ni ng LAf8er£ tthestia\ind o SPlokERatiRN9f Q%arré@fycﬁf duetap e;gl%nme nbstiels
preparation of fibroblasts and other non-islet cel hat adhered to the
ConA- coat ed strphgly esprefied indoafiged tegiondiod batt thadimge end emal dugth agsewellinder

f |1 pl
E\r/]\,iets ﬁ oﬁ# tcg:ﬁlg\“g g(ggc:e }ié}cgr()i%lﬁﬁ\%l Cﬁl CO\!v{tI%(r:lttﬁg e)?orégmte ra%ﬂx%r ggsrug }gg E'IZA \ggd plates

11B). Remarkably, the locahzed regions of nestin expression in the ducts are
mostly devoid of staining with the anti CK19 antiserum. Further, the nestin-
positive cells in the ducts appear to have a morphology that is distinct from that of
the epithelial cells. The epithelial cells consist of a homogenous population of

20  cuboidal, rounded cells, whereas the nestin-positive cells are nucleated,
serpiginous and appear to reside in the interstices among or around epithelial cells
(Fig. 11C).

Thus, CK19 is not expressed in the majority of ductal cells that express

nestin suggesting that these nestin-expressing cells located within the pancreatic

25  ducts are a passenger population of cells distinct from the ductal epithelial cells
and are stem cells that have not yet differentiated into a ductal or endocrine
phenotype. The finding of localized populations of nestin-expressing cells within
the pancreatic ducts and islets of the adult rat pancreas further supports the idea
that rat pancreatic ducts contain cells that are progenitors of islet cells

30 (neogenesis), but these progenitors are not a subpopulation of ductal epithelial

cells per se.
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the sane nodified RPM 1640 nedi um now additionally supplenmented with bFGF
15 and EGF (20 ng/nL each). The growh factors bFG- and EG- t oget her were
sel ect ed voeonswes t hey are known to stinulate the proliferptT@rond3ozieur al
stemcells derived fromependyma of the brain (Reynolds and Weiss, 1996,
Dev. Biol., 175:1-13). The islets attached to the plates and cells slowy
grew out of the islet as a nonolayer (estinmated cell doubling tinme 40-45
hrs in human cells). The 20 out grow ng nonol ayer of cells were

phenot ypi cal k*é&gggenous (Fig. 9A, panel 1) and expressed nestin (Fig.
9A, panel5 2)" 18s were pi cked fromthe nonol ayer (batches of at

| east 20- 30 i : d R with the
o 11 od RoV RRRaR P ARl e i Sl Bl S e (DL AR - e
subcl oned cedubsecer with dapeds ynellitds becane confl uent at six 25 days with an
estimated cell doubling tinme of 12-15 hrs (Fig. 9A, panel 3), and by 12
days formed wave-Islekeiselated drom pig or Apmap dpgonpangrgpta, off freim | papereatia bigpsyel | s
formed islet-J] I r {(Fi 9 nel.4). Sim.|lar,cells were
cloned fronf 1Jhét}}é rrgtHgll ﬁsﬁ%at st§a(nlg€glél.%s%§§){éng%r8r?ﬁ’rt%'§§ f‘r’n’é’o)(i:%%? c{tl]t]écl’nn%eth Fig. 9B,
panel 1)10 t h@imblkewntgehihSofteai adlRd Sién kallyark aedgsolacdOvay BensSiklect ures in
the dish (Fig. 9B, 30 panels 2 and 3). The cells lining the |arge spaces

t hen changed(%lmlleéhémﬁ@wd inrvsine dre prolideratierygedig sortdiningetGie2, EGbpimgl t-hr ee

di mensi onal | Fig, 9 anel s 4-6). 51 WD 01/39784 .PCT/ 0/ 33031 5
i cat or o P GRHFRECRRTEroR RSB ELb oS SERET Y H EFEC N fogeni t or
cell's (NI Ps)edchahe hani@pibR extor THSS 1 WRldaraabhed fitd Z athblc REif&R and

Sout hern bl ot an% found that they express the endocrine marker NCAM

(neural cel | Aleinesvabyy 10V etcanstectedGtanuk¢lls ag¢ tredted witB 9, P-J, or@ehdr Sci . ,
107:1429-36) .(Fig.. 9C, right panel nd the ductal cell marker CK19
(cyt okerlat i ndlﬁfgse%t@&mﬂ@%ggena|or ,grfzfzsfb actgrs rﬁirol- Seyroreioreteasplantadon 8y ynens

D abei oo 4ol oSS ARIADr endlfr sl e PRHIEER, Oh il o 1D

it was conclemssimbat stednerlls e idths dpaaied oe diffdremtiatedgmidr to administration

to the recipient or are only expanded or differentiated prior to administration to the
recipient. In one embodiment, GLP-1 is administered to the recipient during and for

20  several days after transplantation to stimulate differentiation of stem cells and
encourage successful engraftment. According to this method, xenographs (pig
islets) or allographs (human islets from a human donor that is not the recipient), as
well as isographs (islets derived from the recipient) are carried out. It is
hypothesized that when transplanted to a host recipient the stem cell genetic

25. repertoire is reprogrammed so that the host recognizes the stem cells (in the case of
xenographs or allographs) as self, such that immune intolerance and graft rejection

and destruction by autoimmunity (type 1 diabetes) does not occur.

EXAMPLE 9

30  Transplantation of pancreatic stem cells cultured to stimulate expression of IDX-1 in

human subjects with diabetes mellitus

[slets isolated as described are cultured ex vivo for several days in conditions
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aggregated into islet-like cell clusters, they began to express pancreatic
genes (NCAM and CK19), but were limted in expression of islet genes
because ofovha786 absence of growth factors essential forPCHERe0/33031
differentiation to endocrine cells. It was also recognized that the
differentiation of a progenitor cell population typically requires first a
proliferative phase and then qui escence of proliferation in the presence
of differentiation-specific nmorphogen growh factors. Therefore the

R P L HI
cells, wth;qadihad GRALMN pRGsioR W trafdHBASE fcfor IDXM . THELGN fdrstidess

proliferative, and the factors HG-/ Scatter Factor or betacellulin and
Activin A Gleaccsdb is schievel bgwnltunind ihkeslets ivmefiacbotairfing bip@R<; E&XE, end sl et
(3-cells (Swenne, 1992, D abetol ggia, 35:193-201; Bonner-Wir, 1989,

Di abet es, 3814omihsluceng. Frrugtion of fheexprepsien oK dris aghievad mincrbatipmie been
shown to dif ' ' d (I - hnt o an
endocri ne pﬁ%ﬁ%@%ﬁ@%ﬁ%@b?@@%@? 1#(568 5 ﬁﬁ{qufﬁgg géﬁ?ﬂ(gﬂﬁxliﬂe{rh @pancr eatic
endocrine cefehtnionGt ddis@rsbe(dMastinspladtedab the HBO fecipidnidadditivahidgthe A&7 : 3969- 76;
Mashima et al., 1996, J. din. Invest., 97:1647-54). 30 Cultures containing
| LCs expr es$edpierangsbroadimigisigsed GLPcl demeoddriar severst dawsiafter thg- 1 by

i mmunocyt ochem stry. (Fig. . 10A _upper nel - P nd .Sout her.n bl ot
(Fro. 108 P ihtigal dumre e ROiR PRRR s Bl i B ol s
01/ 39784 PCEEMRMBARB LucesLxiungsadesknthe NMRNA encodi ng progl ucagon as seen
by RT-PCR (Fig. 10D) and produced i mrunoreactive gl ucagon, glucagon-Ilike

peptide-1, and i Msebiding tRabiis ohatied sassgigrhsdpigrisldish abpgrapheiufehlideib ng 72- 96
h of culture of islet-lik clusters in sever wel | s gave val ues. of 40-80
gt b 1 TroSa bimBinaor Ty iR SR Feswen Bl o Resrefs URElRSH FtLnoassay s
vere perfornRgh a2 rfGhiefare Fclfaiddl i N and gl ucagon concentrations in
culture nedia were determned by wultra sensitive radi oi nmunoassay kits

pur chased fHEXAMBdb1Research Inc. and DPC Inc., respectively. The

antisera supplied i.n the respective kits are gui ne [
pﬁenogenelc transplantatl‘%n of pancreatic stem cel?s 1nto tﬁe Eld%y

Human nestin-positive-islet progenitor cells (NIPS) were isolated as described,
20  and transplanted under the renal capsules of eight C57B16 mice that were not
immunosuppressed. The transplanted human cells were not rejected by the mouse
recipient. Current understanding is that a xenograft, such as human tissue, would be
rejected by the mouse within 5-10 days. Contrary to current understanding, we
found that in 8 of the 8 non-immunosuppressed mice tested to date, all of the
25  transplants successfully engrafted and proliferated into large masses of tissue
engulfing the pole of the kidney by one month (30-38 days) after a transplantation of
approximately 10° to 10° cells. ‘ »
One C57B16 mouse was sacrificed and determined to have a large area of
new growth at the site of transplantation. A section of the kidney that included the
30 new tissue was divided into two pieces; one piece was frozen for frozen section
histology, and the other piece was fixed in paraformaldehyde for paraffin section

histology. Frozen sections were prepared and stained with hematoxylin and eosin
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anti-human insulin and rabbit anti-human gl ucagon. G.P-1 secretion was
measured with an anti-hunman G.P-1(7-36)am de rabbit pol ycl onal antiserum 15
rai sed bywowonsgtszati on of a rabbit with a synthetic pepti BeT/CR00MLMKGR

am de conjugated to keyhole |inpet henocyanin. The antiserumis highly
specific for the detection of GP-1(7-36)am de and only weakly detects
progl ucagon. The sensitivity levels for these assays are 6 pg/rrL, 13 pg/nL
and 10.2 pg/nL, respectively. 20 Incubation of the ILCs for 7 days in 10

mvlnl coti_na as described. b a.et al. (Ramya et al., 2000, Nat.
6: 578%‘%%) anﬁﬁ@?%eé%@d""i”ﬁé%fslleﬁ n& t&f%on by 2- to 3-fold. Several

add' ti onal pancr %Jahﬁnzﬂﬁa‘h‘%?rtﬁe M’&rEest%ﬁ&{ ﬁﬁﬁ%gse'cﬁorgﬁérfl%s@ageﬂ%@%e#ﬂkg S S “C h

as glucose transporter-2 (Wang et synapt ophysin

(Menke et alofa nk998pwesthaherrndtpaftiof thelGdneloedtabiengaméeiohetpher t he
differentiating NIPs may have properties of pancreatic exocrine tissue, we
used RT- PCRIgRBelasy e@tsa,samgwéa@%bﬁmwﬁhﬁval&ﬁg}ﬁ%@l&hasw SeRBEEy pept | dase

(Fig. 15) C r f e a d t he
MRNA 30 encggﬁlc Héérglg?&tgl (a)&f\lib gﬁa&%ﬁéu A ggﬁsceéegn ngneﬁﬁ Eﬁ:ﬁ% %@5&%@& and
B). The 1exprogsisd lﬁﬂn@f sebfidfr derhénsarhted @it kielHedf grioWiplp kdenitdao be apdaRgitlie | S
recogni zed to be a master regul ator of pancreas devel opment, and

particul ar| yerapasachyme mn@gmaiom@uhu%mlﬁgmungst@emgeum Ingsiarr-specifise

mat ur ati on func ns o creatic islet t roduce
"hsul i (S greapdig] ety BRBT IR RobTRts Sl SBunte RS
Because t he speagERESIiSs, Qfmélﬁ‘ﬂ*l hitd @ E€DS lélhlé‘&yi‘e YY?eﬁ §heRFfeUbr B¥man
differentiation of cells in pancreatic ducts; icularly during the
neonat al perhematapettatlynwhdcmmeﬁhedudndymfsx@n@r@@ﬂﬁlémﬂwejglls@had adult life
(Bonner ir . 4993, 10 Di gbetes 715- 1720;. Rosenberg, 1995, Cell
Tr anspl alﬁe @#ﬁo@%%gn%m Sip Ofthf ,“%9?5‘8%&8“ ‘Arch., 427:553-560),

nestin expressi orras ARALYERH off hel NP -engrafted kidney of a C57B16 mouse (the

first mouse to be sacrificed) was examined. The tissue block that was examined was
from the top of the kidney and showed the foreign tissue to be well contained under
the renal capsule with no signs of “invasion” into the renal parenchyma. Notably,
20  amongst the pleiomorphic-looking graft tissues were areas that resembled renal
parenchyma. Without being bound to theory one hypothesis is that the graft consists
of stem cells trying to différentiate and that the stem cells are not “invading” but
simply migrating and proliferating and looking for a niche, i.e. mesenchymal
instructions. They may be recéiving cues from the kidney and may be attempting to
25  difterentiate into kidney. The graft cells may not be malignant, but may be just stem

cells attempting to carry out their function.

EXAMPLE 11

Xenogeneic transplantation of pancreatic stem cells into the pancreas

30 Human nestin-positive-islet progenitor cells (NIPS) are isolated as described,
and transplanted into the pancreas of mice that are not immunosuppressed and are

(a) injured by streptozotocin (to produce streptozotocin induced diabetes) treatment
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pancreatic ducts of adult rats. By dual fluorescence i mmunocytochem stry
wth antisera to nestin and to cytokeratin 19, a marker of ductal

epitheli woonegsin is strongly expressed in |ocalized repcousood3otiot h t he
| arge and small ducts, as well 15 as in sone centrol obul ar ducts within the
exocrine acinar tissue (Figs. 1 1A and 1 1B). Remarkably, the |l ocalized
regions of nestin expression in the ducts are nostly devoid of staining
with the anti CK19 antiserum Further, the nestin- positive cells in the
ducts appear t a m)r hol y that is di tlnct fr that of the

epi t hel ) |(‘?>s%ﬁﬁ§n‘éf‘pint fieh heteis AR onegiAg et ippih i ﬁ@%@éﬁﬁ%s popul ati on
O o1 20, cubol dal FRUAEdsC S e iRl RS CSLEMARPRIdel Rkt i ar @

nucl eat ed, serplgl us an to re5| the interstices anong or
around epi t 1Pk dind cledit ﬁropéﬂ:mghe tek€ive 1ﬁEItmst,10r@Iﬂc9nlt1$e isket regicpr essed in the
majority of ductal cells that express nestin suggesting that these

nest i n- expr eifergptiate nte il dBrceld) eallshi n t he pancreatic 25 ducts are a
passenger popul ation of cells distinct fromthe ductal epithelial cells and
are stemcells that have not yet differentiated into a ductal or endocrine
phenotype. TxeaMPIdEng of | ocalized popul ati ons of nestin-expressing cells
within the pancreatic ducts and islets of the adult rat pancreas further
supports t hélreadmant Qﬂthabqtatbm@neg@atci trangplentgticroof pangreatit btsmtdedls ar e

progenitors of islet ce | s 30 epesi ut. th pr o tors are not a
Db ponul ot § on of THTRHERICEHAT Rl & st ar Culsireg Inapy 31 e’ v d

PCT/ US00/ 33Q3 1xp aid'%ﬁ‘e%\{ﬁ’ﬁsﬂ%eﬁ pER@lQécEH %ﬁrﬂa%mPS)Brepﬁ'Qﬁsrpgﬁﬁédcto %ﬁ@méf %iaj S

engi neered to express I'DX-1"1 h human jects wth betes nellitus

I sl ets isol aheportal orinageooding tneamveitivonl pranaiveet well kiiovn onthpandsreat i ¢

bi opsy of event ual  human iranspl ant recipient are cultured ex vivo in
condi ti dAs tirRAEPlaatien tofhati¥elout growt h of stemcells. Stemcells are then

| sol ated away f ro@y@tgﬁeﬁké(g%banﬁ&hf@?ﬁ%ﬁgﬁq (IsBla¥dd ds ek iRiLAr T €r at i on

medi a contai ni ng
introduced into the blood stream. In certain embodiments, the human NIPS are

introduced via the pancreatic artery, to direct them to the diabetic pancreas.
A population of control (untransplanted animals) and transplanted animals
20  are analyzed for amelioration of the symptoms of diabetes (e.g. blood glucose levels,
insulin levels, number of pancreatic B—cells.
EXAMPLE 13

Identification of Nestin positive stem cells in the liver

Rat livers were isolated and frozen section were prepared according to
25 methods known in the art and described herein.

Frozen sections of rat liver (6uM) were immunostained with a rabbit
polyclonal anti-nestin serum. The immunofluorescent signal was developed by
reaction of anti-donkey IgG serum tagged with the fluorophore, Cy3 (yellow-orange
color. Nestin-positive cells surrounding a possible large biliary duct are depicted in

30 figure 13A. Clusters of nestin positive cells surrounding several small biliary ducts

are depicted in figure 13B.
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mM gl ucose, transfected/injected with an expression vector containing DNA
encodi ng transcription factor IDX- 1, and transplanted into a diabetic
reci pi entwo obB47e+ nati vely, | DX-1-transfected stemcells areTwsedsexi Wit h
G.P-1, or other 15 differentiation norphogens or growh factors for 1-3
days before transplantation to initiate processes of differentiation of
engi neered stemcells to (3-cells. In one enbodinent, stemcells are

nei t her expanded or differentiated prior to admnistration to the

recipi en r expanded or differentiated prior to admnistration to
t he rec &??Aﬁﬂ’?ﬂ%ﬁé enbodi nent, GLP-1 is adm nistered to the recipient

dur i ng_and f[ﬂ"ffel?e%lét?dﬁecff@lnﬁ%ﬁarﬁfl;%ﬁétlé;{}éﬁ&gé@nt ation to stimlate
differentia successful engraftnent.
According to thiBecamthdthe repongt apjasert gommdnslties dptween dbpagrsaghsellshuman
islets froma human dongr that is not the recipient as well as isographs

(i slets deriQed cellgnhemsc ﬁ@@?ﬁ?lcéHﬁ)a"é‘r@O%edﬁﬂPF é‘%}lsolﬁtt ¢ panqreas, Ayhiehesi zed
h wh 5
that when transplanted O &g%hmte%{q%ﬂeg e%enértaﬁ %r%%qg@%fr%%eg

repertoire is reprog ranne Co n cells (in

t he casggof hvwm@@ﬁa@iaqsmkawmmﬂhﬁ)et as, B)e)llf Blsgua:rh ertlaa; 199MRM et
intol erance and graft rejection and destruction by autoi munity (type 1
di abet es) dabs 1A%, sedgriormxhRALRCE tgaletrebhiegstexnreasadagenss lfp@ﬁéFe@atl c st em

|1 |
i abet o5 el uECRIReT] i Ruanas KB e g A el LS T or
sever al dayf’nebé‘to@@@dé\ﬁe'ldmﬁent PReiMRIP & A9 Rb0fGht WEROhPRU31 a 1ef Rade Sti Mul ate

first the expansi'on (proliferation) of stemcells that exist within the
i sl ets and tphese prieirex pevesali aherdfver maankers wsrd also Expressed sk 4s aThe

N T e
o b | IRLEU I ONS 1, 1009 ISR P a0 2
t ranspl ant ed 998); seeeFizod6))r Fhe pxmksmrAdﬂpxtote@msadhla;&:d iyhéhelpastreas el fiveent may
be adm ni st (as{lghdas%gi: ail'nddslilzrn;l};]tgpk?yns?n frr?gy rsze%\é&rtgclelr ggr%glo%fc}r?grm tfrr(])(ran the
embryonic foregut endoderm, and represent differentiation toward either
20  pancreatic or hepatic phenotypes.
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transplantation to further expand and differentiate stemcells to

i nsulin-producing cells to enhance success of engraftnment. According to
t hi s met ivod p1/3880gr aphs (pig islets), allographs (human i BCEUS00/38831f rom a
human donor that is not the recipient), as well as isographs (islets
derived fromthe recipient) are effectuated. EXAMPLE 10 Xenogeneic
transpl antation of pancreatic stemcells into the kidney Human
nestin-positive-islet progenitor cells (NIPS) were isolated as descri bed,

20 and transpl anted . under, the r | capsul es of ej Co7B 16 mice that

were not> i mmun %ﬂ*@s@éd.et é’erlhel%p ?‘aH‘sE rg?ﬁeggaﬁ%ﬁgg’t@éﬁ 1%30%??&8“68 U8 ect ed
by the mOUSf plffpoRineem eUS HORE adiNARERE PBRLEBE. IHork Bletsd, RREQW BfIL, such as
human tissue, would be rejected by the nouse within 5-10 days. Contrary to

current undef’3tanding, we found that in 8 of the 8 non-i Mmunosuppressed

mce tested to date, all_ of the 25 transplants ccessfully engrafted and
proliferated i n&@ﬁ%ﬁaﬁé Jrref‘éét:-smg%- Gﬁ’é@ﬁ@gz%tﬁ&ﬂfﬁﬁ‘ﬁ]@u@%nﬁwée%? VRIS ki dney
by one nont - £ r AL Qe rQ¥idgat el y 105 to
106 cells. &%&%@?@uﬁ@%lﬁ@gﬂ&m{ég@ég&l P(l:ed gstnd)O g?esrc}hﬁgg'ég?ggﬁ'ave a large

area of 10new gr awbbvgtMihet sli, 2000 Prolifensiohant diffaentiafios € fétdnivef t he ki dney
that included the 30 new tissue was divided into two pieces; one piece was
frozen for fepibdidl prgenigy osllsalgir dgpsplamaiamiatcadydiratives cAad Rafhodd i n

par af or nal dﬁ@x,%ﬁ_@g?)par affin section histology. Frozen sections were
prepared and stainéd wi th hematoxylin and eosin 56 WO 01/ 39784

PCT/ US00/ 33031  Huocktiéid) Saasd Bikia§ER D.t DsaNiaich@dLdf B0t candlagenth.
Exam nati on of the H&E stai ned kidney section denonstrated the presence of

a new gr owt hhe ¢ryeloping mamnpdian negfowshyystend neNeuespii Bi3Bi 9rg32a8-pl ei onor phi ¢
Cont ai nitfy  hepdie e abutBe A H R PR T P et ap SpsaRe TS
conponent s. HRRAbAAE BFRER FRAS: td Cnidnct REndthiMNRY ghRfh iAo dRENNXbFALIBH that the
new growt h seenmed to be invading the
and DNA synthesis. Biochem Biophys Res Commun 250:769-775.
Johanssovr'l,KC.B. et al. 1999, Identification of a neural stem cell in the adult
mammalian central nervous system. Cell 96:25-34.
20 Karlsson, S. 1991. Treatment of genetic defects in hematopoietic cell
function by gene transfer. Blood 78(10): 2481-2492.
Lendahl, U., et al. 1990. CNS stem cells express a new class of intermediate
filament protein. Cell 60:585-595.
Miller, A.D. 1990. Retrovirus packaging cellé. Hum Gene Therapy 1:5.
25 Morshead, C.M. et al. 1994. Neural stem cells in the adult mammalian
forebrain: a relatively quiescent subpopulation of subependymal cells. Neuron
13:1071-1082.
Rao. M.S. et al., 1996. Expression of transcription factors and stem cell factor
precedes hepatocyte differentiation in rat pancreas. Gene Expr 6:15-22.
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Reimold, A.M. et al., 2000 An essential role in liver development for
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renal parenchyne, and the gloneruli. Specific i mmunostaining with

human- specific (not nobuse) antisera reveal ed cords of imunopositive cells
st ai ni ng Won1/karsan- specific keratins, vinmentin, and the BDAESéskzICYt
antigen specific for human hematapoetic | ynphocytes. The ki dney of a
second C57B16 nouse al so had a 15 simlar | ooking new growh at the site of
the NIP transplantation. The paraffin section of the N P-engrafted ki dney
of a C57B16 nouse (the first nouse to be sacrificed) was exam ned. The

ti ssue blLock that .was exam,ped was ~fraom top of the kidney and showed
the fore#gp aP%gﬁgoPg“%Eagé?ﬁ'S%ﬂ?ﬁ?ﬁ@gghﬁgg? the renal capsule with no
signs of "invasipgRnoldst®.Al Bed WeAA! S P2ao®) COMHEL anigfopliaden dthi@e®PNgst the

pl ei onor phic-1 ooking graft tissues were areas that resenbl ed renal

par enchyma. d¢iohsitate thet agEGEtmashonsive heomyalemeenthypotibh ENSspreqursdras a stem gr af t
consists of tﬁﬁ\ﬁglss %rytfg to differentiate and that the stemcells are
not "invadiﬁ@ﬁ G- ’§'ﬁﬂ Q' ‘grating and proliferating and | ooking for a

niche, i.e. mes I AStilgg6t | i VL from t he
(i dney and ey Be S TRBET B0 Lo 28 e o GhTare s CaRbi Rt b or,

cell s m§ nbaemb@poietic greandellsbfihombyatéibrecipsdntss sednessfeall dngradiiieaniid ng to carry
out their function. EXAVMPLE 11 Xenogenejc transplantation of pancreatic

stem cel | s itfeoterA&xpaptoRakthstrapighn ROodiSalPost 18147 s1 et . progeni t or
[ NI PS i t i : . j
co = (175 a ot sodssc b s g gL i fancr o

st r ept 0zot oGbrnatibd (HGHY UCaulfirédRt beatioslellatendlls a0HdpARCE@S) 5-124£at ment 57
WO 01/ 39784 PCT/ US00/ 33031 5 or (b) NOD mice in which there is an ongoi ng
islet is wth i Flacknidt Wonl99FhPeysdernedal Biploghef thepmpreaneyelaningal s i s

exam ned.t o .det 1 if the N Ps find their proper niche, receive
instruc??onégfﬂgégﬁﬁgpislet region, and differentiate into islet ((3-cell)

cell's. 10 EXAVPSEnldodibeas.0eatal 01 9ab. aeipefl biante 2@ ekredsicingkl ant ati on of
pancreatic stemcells
distribution of adhesion molecules during liver development and regeneration. J.
Cell. Biol. 116:1507-1515.
Wang, Z. et al., 1998. GLUT?2 in pancreatic islets: crucial target molecule in
20  diabetes induced with multiple low doses of streptozotocin in mice. Diabetes 47:50-
56.
Williams, D.A. 1990. Expression of introduced genetic sequences in
hematopoietic cells following retroviral-mediated gene transfer. Hum. Gene
Therapy 1:229.
25

OTHER EMBODIMENTS

Other Embodiments are within the claims that follow.
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Human islets are isolated as described and cultured for several days in
vitro to expand the stemcell population. Human NIPS are transplanted to
the |ivewoba39she portal vein (according to conventi onal poT/Os@bsoas wel
known in the art for 15 transplantation to the liver. Alternatively, a
popul ati on of human NI Ps (isolated as described) are introduced into the
bl ood stream In certain enbodi nents, the human NI PS are introduced via
the pancreatic artery, to direct themto the diabetic pancreas. A

popul ati @n 3%F%ﬁﬂghgj (untransplanted animals) and transplanted animals 20
are analgze 0 {ioration of the synptons of diabetes (e.g. blood

gl ucose |evgls, AHm%%ﬁdd%f'ti%\éﬁﬁgga85&?@1@%&%@%&@%@?@%&0 TSl 'tﬁT st MPLE 13

Identification of Nestin positive stemcells in e liver t ers were

i sol ated andffrozen section were prepared according to 25 nmethods known in
the art and described herein. Frozen sections of rat liver (6M were

i munost ai ned w®HsAatingRestingpepiixe grrgreatis stenheddt frpmadangieatipislet of a

i mmunof | uor eggent, g gnal was devel oped by reaction of anti-donkey IgG
serumtagged wth the fluorophore, Cy3 (yellow orange color.

Nesti n- gosi ti ve (Batdnsfesritiy the B@nEEllanfoasis bitient, | vaticgeinlthd étah\cedluct are
depicted in 30 figure 13A. Clusters of nestin positive cells surrounding
several smaldiffgsentiaesintpant igsuligyprodepngedd in figure 13B. 58 WO 01/ 39784
PCT/ US00/ 33031 5 EXAMPLE 14 Differentiation of NIPs toward hepatic
phenot ype Because of the reported apparent commonal ties between hepatic

stem cel I's 2 ovahe aRod)of demal, iwhefdi®tHePaBe@@bhves adihd BhOIRPELi@ktemel | S 1N
t he pancreas, and the observations that followi ng sonme injuries, the

regener at i ngellaolctterss under goes 10 |iver metapl asia (Sl ack, 1995; Reddy et
al ., 193%; Bi sgaard et al., 1991; Rao et al., 1996), we performed RT-PCR
to dete | i ver-expressed genes in the stem

3. The method of claim 1, wherein the patient does not serve as the donor for said

stem cells of step a.

4.  The method of claim 1, wherein the patient is a human and the donor for said

20  stem cells of step a is a non-human mammal.

5. The method of claim 3 or 4, wherein the patient is not treated with an

immunosuppressive agent prior to step (b).

25 6. The method of claim 1 wherein, prior to the step of transferring, the stem cell
is treated ex vivo with an agent selected from the group consisting of EGF, bFGF-2,
high glucose, KGF, HGF/SF, GLP-1, exendin-4, IDX-1, a nucleic acid molecule

encoding IDX-1, betacellulin, activin A, TGF-f, and combinations thereof.

30 7. The method of claim 1, wherein the step of transferring is performed via

endoscopic retrograde injection.
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cells. PCR products were obtained for XBP-1, a transcription factor
required for hepatocyte devel opnent (Reinold et al., 2000), and

transt hymeoon39o7s4 | i ver acute phase protein. Several othepct/isevssnarkers
were al so expressed such as a 15 fetoprotein (Dabeva et al., 2000),

E- Cadherin (Stamatoglou et al., 1992), c-MET (lkeda et al., 1998), HGF
(Skrtic et al., 1999) and synaptophysin (Wang et al., 1998); see Fig. 15))
The expression of proteins shared by the pancreas and liver, such as HGF

and syna torghysume Odr(ﬁfc L84 g(@%hng 2@{;&&1 |ﬁgl%e stgrg the enbryonic

f or egut endoder m and represent ei ther 20 pancreatic

or hepatic phengd)ypasng thephéf MBSarBhig@adstdppreksive aﬁg@ﬂt Thorgeirsson, S.S.
1991. Evidence for a common cell of origin for primtive epitheli al cells

isolated fromrat |iver and pancreas. J. Cell Physiol. 147:333-343. 25

Bj ornson, CR al .. 19 .Tyning brain into blood: a henat opoietic fate
oot ed by Saul 1R BT CRlAR AT P ESndaE Ty R BN e s BRI Saoggs,
S.S. 1990. Tanagbespggrse nodification for gene therapy of stemcells. Int
J. Cell Coning 8: 88 96. Bouwens, L. et al. 1994. Cytokeratins as markers
of ductab ceII di ffer entiation 30 and islet neogenesis in the neonatal rat

pancr eas. be 1283. Bouwens, L. 1998. Transdifferentiation
versus st em el I gf"#e%fcéauflc?rw}c‘?f@n SF‘@g‘@H’é‘i‘%ﬂSPBﬂeﬁf"eiagF’éttJ {f’éf hecel1s in

t he pancrea M&EQ%P <43:332-336. 59 WO 01/39784
PCT/ US00/ 33055 @r%neﬁ{?&ﬁ“ne'? *“et al. 1997. In vitro-generation of

islets in long-termcultures of pluripotent stemcells fromadult nouse
pancreas. Horm Metab. Res. 29:271- 277. Dahlstrand, J., et al. 1992.
Char act er i zdti omhemethiod o ehuim Suberein sgidiamenpsuprressyeageadcaigases thonar y

relati orllg m%%rltglolfr 8f1 Fﬁ%%ﬁg“% Cell Sci. 103:589-597. _10 Dabeva, M D.

et al. eration a ifferentiation of fetal |iver

12. The method of claim 8, 9, 10 or 11 wherein the immune response is transplant

rejection.

20 13. The method of claim 8, wherein the immunosuppressive agent is selected from

the group consisting of FK-506, cyclosporin, and GAD65 antibodies.

14. A method of treating a patient with diabetes mellitus, comprising the steps of:
(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a
25  donor;
(b) culturing the stem cell ex vivo; and
(c) transferring the progenitor cell into the patient, wherein the progenitor cell

differentiates into an insulin-producing beta cell.

30 15. A method of treating a patient with diabetes mellitus, comprising the steps of:
(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a

donor;
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epithelial progenitor cells after transplantation into adult rat |iver. Am
J. Pathol. 156:2017-2031. Hockfield, S., and McKay, R D. 1985.

| dentifi 08784 maj or cell classes in the devel opi ng nrawakeasozier vous
system J. Neurosci. 5:3310-3328. 15 lkeda et al., 1998. Activated rat
stellate cells express c-net and respond to hepatocyte growmh factor to
enhance transformng growmh factor betal expression and DNA synthesis.

Bi ochem Bi ophys Res Conmun 250: 769- 775. Johansson C.B. et al. 1999.

I dentification of 6 a neyral, stemc in the a nannal*an centra

nervous system CeffP2g mﬁfﬁh%%emfﬁﬁKél”i"@é%ﬁr"dgce 4 pogeniqrestladc of genetic
defects in hemaionpiSfehnd ik brogeHiG! den®YnIstRnt, KRl he f2b a0 or 811L0)
2481-2492. Lendgﬂl, U, é?ﬁ FKQ%QQO eCN% ste nf l's eipr§§§!§Qn8M/class of
i nt er medi at elifférehtd@nintopamingilin-prodlicing Beta881.595. M I ler, A D. 1990.

Retrovi rus packagi ng cells. Hum Gene Therapy 1:5. 25 Nbrshead, CM et al.
1994. Neural stemcells in the adult manmalian forebrain: a relatively

gui escent subpo | ehl

MS. et al. Lﬁ% %E%ﬁr eogiﬁlag}rélb@?&ﬂ%%greﬁl{ atl%ﬁg%rgrg%aséﬁaa%%nﬁ&%% fact or
precedeaohenﬁa@@aheﬂduﬁﬁﬁrent|atlon in rat pancreas. Cene Expr 6:15-22. 30
Reddy, J.K et al., 1991. Pancreatic Hepatocytes. An in vivo nodel for cel
| i neage in pancreas of adult rat. Dig. Dis. Sci. 36:502- 509 Rei mol d, A M

et al., 200 n-ess ole in |Idver de or, 0 /39784
T Usbos 33071 188 P elircid e Sescibfg O daeqsd serdf ad Bt

Reynol ds, B.fy sadNgleM@icBSof step £996. C onal and popul ation anal yses
denonstrate that an EG-- respon3|ve manmal i an enbryoni ¢ CNS precursor is a
stem cell. Dev. Biol. 175:1-13. Schiffinann, et. al. 1995. Transfer of the
huran gllgcocl%r e%g%et acﬁleof%?alm f4 or 15 wherein the patient is a human and the donor

for said stem cells of step a is a non-human mammal.

19. The method of claim 17 or 18, wherein the patient is not treated with an

immunosuppressive agent prior to step (b).

20
20. The method of claim 15, wherein the step of expanding is performed in the
presence of an agent selected from the group consisting of EGF, bFGF-2, high
glucose, KGF, HGF/SF, GLP-1, exendin-4, IDX-I, a nucleic acid molecule
encoding IDX-1, betacellulin, activin A, TGF-, and combinations thereof.

25

21. The method of claim 14 or 15, wherein the step of transferring is performed via

endoscopic retrograde injection.

22. The method of claim 14 additionally comprising the step of:

30  (d) treating the patient with an immunosuppressive agent.

23. The method of claim 15 additionally comprising the step of:
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10 hematopoi etic stemcells of nonabl ated recipients: successful
engraftnment and |ong-term expression of the transgene. Bl ood 86(3):

1218- 122%Wwo dksesc, S., et al., 1999. Hepatocyte-stinul at eBcExpoessiion of
hepat ocyte growh formation (HGF) in cultured rat hepatic stellate cells.
J. Hepatol. 30:115-124. Slack, J.MW, 1995, Devel opnental Bi ol ogy of the
pancreas. Devel opnent, 15 121:1569-1580. Stamatoglou, S.C. et al., 1992.
Tenpor al changes in the expression and distribution of adhesi on nol ecul es
during I|ver( ft A nt.. %EF tfl generatl on. Biol. 116:1507-1515.
wang, z. et @Te T§ pa('ie A e HBWEP%%PPEGS%?%%?I crucial target nolecul e

in 20 di abetes i nduced with nultiple | ow doses of streptozotocin in mce.
D abetes 47:50- 56. WIllians, D. A 1990. Expression of introduced genetic
sequences i r24. hdanoploidetfi dainel o X3obhayeinsgidristmowsugiressbdiagereprgents
transfer. Hum, Gene Therapy 1:229. 25 OTHER EMBODI MENTS O her Enbodi ments
are wthin tfeMCMECASPPAE fol low 61 WO 01/39784 PCT/US00/33031 5 WE
CLAIM 1. A nethod of treating a patient with diabetes nellitus, conprising
the steps of. (a) isolating a nestin-positive pancreatic stemcell froma
pancr eatlbc 25| efThenethoddefiuddiin Znet 2BOvKdagintsaidrisineumokugréstivespeinderlys i nt o
the patient, wherein the stemcell differentiates into an

i nsul i n- prodhﬁ:ﬁ"f?ﬁ“&’é‘fqo ap IMPHECHEPRBY- of claim 1, wherein the patient
serves as the donor for said stein cells of step a.

26. The method of claim 22 or 23 wherein said immunosuppressive agent
decreases the intensity of an immune response.

15

27. The method of claim 24 wherein said immune response is transplant rejection.
28. The method of claim 25 wherein said immune response is transplant rejection.
20 29. The method of claim 26 wherein said immune response is transplant rejection.

30. The method of claim 22 or 23, wherein the immunosuppressive agent is

selected from the group consisting of FK-506, cyclosporin, and GAD65 antibodies.

25 31. A method of treating a patient with diabetes mellitus, comprising the steps of:
(a) 1solating a nestin-positive pancreatic stem cell from a pancreatic islet of a
donor;
(b) expanding the stem cell to produce a progenitor cell;
(c) differentiating the progenitor cell in culture to form pseudo-islet like
30 aggregates; and

(d) transferring the pseudo-islet like aggregates into the patient.
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15 3. The nmethod of claim1l, wherein the patient does not serve as the
donor for said stemcells of step a. 4. The nethod of claim1l, wherein the
pati ent ivwoai/bursmn and the donor for said 20 stemcells pET/oB@ms3031 S a
non- human mamal . 5. The nmethod of claim3 or 4, wherein the patient is not
treated with an i munosuppressive agent prior to step (b). 25 6. The

nmet hod of claim| wherein, prior to the step of transferring, the stem cel
is treated ex vivo with an agent selected fromthe group consisting of EG,

bFGF-2, _hi KGE, .HGE/SE, GP- 1. din-4, 1DX-. 1. | ei
aci o mol Scurd: AREGHIRG TS JIn b PoPAie SEL R Ao R
conbi nati ongefidgfgQfa. 30 7. The nethod of claim1l, wherein the step of

transferring 1s performed via endoscopic retrograde injection. 62 WO
01/ 39784 PCT/ US00/ 33031 5 8. The nethod of claim1 additionally conprising

the step of: _(c) treatin he patient with an imunosuppressjve agent. 9.
The net hod &f: cl)TQF meﬁﬂ%fgﬁiﬁnﬁ %aWHGHGMﬁ@%%fieg%liq;éeraaémhe&oé%ﬁfs an

i mune respggﬁ%mn}&ﬂ%QﬁS§E% nmet hod of claim8 wherein said
i mrunosuppr essi ve agent l'ays the occurrence of an imune response. 11.

The nethod of claim8 wherein said i munosuppressi ve agent decreases the
15 intensity of an inmmune response. 12. The nethod of claim8, 9, 10 or 11
wher ei n t he 3fnmihe metwdoistaims} 1y wherep e patiend it hyragn amppthe donorHer sad hod of
cl aim 8, mhggpinléhgskngqnos&ggﬁgégk¥gla ent is selected from the group
consisting O TERE 506, yc?%gporln, an D65 anti bodies. 14. A nethod of
treating a patient wth diabetes nellitus, conprising the steps of.

35. The method of claim 33 or 34, wherein the patient is not treated with an

15  immunosuppressive agent prior to step (b).

36. The method of claim 31, wherein the step of expanding is performed in the
presence of an agent selected from the group consisting of EGF, bFGF-2, high
glucose, KGF, HGF/SF, GLP-1, exendin-4, IDX-1, a nucleic acid molecule

20 encoding IDX-1, betacellulin, activin A, TGF-, and combinations thereof.

37. The method of claim 31, wherein the step of transferring is performed via

endoscopic retrograde injection.

25 38. The method of claim 31 additionally comprising the step of:

(e) treating the patient with an immunosuppressive agent.

39. The method of claim 38 wherein said immunosuppressive agent prevents an

immune response. |
30

40. The method of claim 38 wherein said immunosuppressive agent delays the

occurrence of an immune response.
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(a) isolating a nestin-positive pancreatic stemcell froma pancreatic
islet of a 25 donor; (b) culturing the stemcell ex vivo; and (c)

transf er wogl/sdres progenitor cell into the patient, wherei PCTASOQE305ENI t Or
cell differentiates into an insulin-producing beta cell. 30 15. A nethod
of treating a patient wth diabetes nellitus, conprising the steps of: (a)
isolating a nestin-positive pancreatic stemcell froma pancreatic islet of
a donor; 63 WO 01/39784 PCT/ US00/ 33031 5 (b) expanding the stemcell ex
vivo to groduce a progenitor cell; and (c) transferring the progenitor cel
into the-patient, wherein the progenitor cell differentiates into an

i nsul i n-prodyci Age Bl CH daim1B wﬁé}@ln@%fdhﬁgmﬁiosﬁﬁlﬁééﬂv%‘]aggﬁt dleéreaé’@g%ee ' n the

patient serves as the donor for said 10 stemcells of

met hod of cliafensifiydofan ihunehespense. t he pati ent does not serve as the donor
for sai.d stemcells of step a. 15 18. The nethod. of claim 14 or 15, wherein
the patient is a human and the donor for said stemcells of step ais a

non- human rmt{f”mThe %Qetho-ﬁnﬁcﬁg?ﬁlh@48 rgi @Jhr&eyth% ?rﬁme%g{)ﬁéeq @Sspg%\rt' ent is

not treated With an |nnunosuppfeSS|ve agent rlor to 20. The
met hod ab clrgjestickh, wherein the step of expandlng is perforned in the
presence of an agent selected fronlthe group consisting of EGF, bFG-- 2,

hi gh glucose, KG-, HGF/ SF, GP- 1, exendin-4, IDX-1 a nucleic acid

nol ecul e odi X- activi nbi nati ons
Theroof 25 91 TSR HHCET Mhbteins S hodpirestiv® abe P-<i
t ransf erri ngrdrs tHeairb @y fRdisMh@of ERBIHC ORI Sspbih, 20 'GAB6S Bh@sddiean.

15 44. A method of isolating a stem cell from a pancreatic islet of Langerhans,
comprising the steps of:
(a) removing a pancreatic islet from a donor;
(b) culturing cells from the pancreatic islet; and
(c) selecting a nestin-positive clone from the culture.
20
45. The method of claim 44, wherein the culturing is first performed in a vessel
coated with concanavalin A and then again performed in a vessel not coated with

concanavalin A.

25 46. The method of claim 44 comprising the additional step of:

(d) expanding the nestin-positive clone by treatment with an agent selected
from the group consisting of EGF, bFGF-2, high glucose, KGF, HGF/SF, GLP-1,
exendin-4, IDX-1, a nucleic acid molecule encoding IDX-1, betacellulin, activin A,
TGF-B, and combinations thereof.

30
47. A method of inducing the differentiation of a nestin-positive pancreatic stem

cell into a pancreatic progenitor cell, comprising the step of:
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22. The nethod of claim 14 additionally conprising the step of: 30 (d)
treating the patient with an i mmunosuppressive agent. 23. The net hod of

cl ai m 15 wadi/s47enal | y conprising the step of. 64 WO 01/ 3B@BAS00/33031

PCT/ US00/ 33031 5 (d) treating the patient with an i munosuppressi ve agent.
24. The nethod of claim 22 or 23 wherein said i nmunosuppressive agent :
prevents an imrune response. 10 25. The nethod of claim22 or 23 wherein
sai d i mmunosuppressive agent del ays the occurrence of an i rmune response.
26. The pet hod claim 22 or..23 wherein sai nosu re Sive ent

decr eases the. | HEHITE 4 PBR PR FapiEarSisanea “HB BB 2 REeRE HEm e "ol ai m
24 wher ei n $ahh doABNMEG SESOPNIGE-S, ﬁ@l@@ﬁi&b?&k(ﬁelfﬁd‘}ﬁﬂs@nmxﬂsa ntdlgicnet hod of
claim 25 wherein said inmune responsé is transpl’ant rejection. 20 29. The
met hod of claaxkimlaecu/kbemcmdmgslm)dl; @hirie exeslpodstetacslltlimnasviamt, TGH-Bet i on.

30. The nethod of claim 22 or wherein the i mMmunosuppr essive agent is
sel ected fr 8Rd eEDRGBRRS theysah Wway(sl?ewnse% subsgayendly shtferentiates 1ams 5

ant i bodi es. of treating a patient with diabetes nellitus,
conpri sing Phe ‘ﬁ%ﬁéé%ﬁﬁgpgg' i solating a nestin-positive pancreatic stem

cell froom a pancreatic islet of a donor; (b) expanding the stemcell to
produce a progenitor cell; (c) dlfferentlatlng the progenitor cell in
culture to F8rmipemsthediofickaim 47k whergm the garageatisproganifoy epll subsaeserthy i ng t he
pseudo-islet. like a %ﬁ Les |nt the patient. 65 WO 01/39784

PCT/ US00/ 33 s%;e‘t‘s‘g’gls g %%%%8%? Sf claim31l, wherein the patient serves as
the donor for said stem cells of step a.

49. A method of transplanting into a mammal, comprising the steps of:
15 (a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a
donor; and

(b) transferring the stem cell into the mammal, wherein the stem cell

differentiates into an insulin-producing cell.

20 50. The method of claim 49, wherein the mammal serves as the donor for said

stem cells of step a.

51. The method of claim 49, wherein the mammal does not serve as the donor for
said stem cells of step a.

25
52. The method of claim 49, wherein the mammal is a human and the donor for

said stem cells of step a is a non-human mammal.

53. The method of claim 51 or 52, wherein the mammal is not treated with an

30 immunosuppressive agent prior to step (b).

54. The method of claim 49 wherein, prior to the step of transferring, the stem cell
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33. The nethod of claim 31, wherein the patient does not serve as the donor
for said stemcells of step a. 10 34. The nethod of claim 31, wherein the
pati ent ivwoai/baremn and the donor for said stemcells of BCEpS@/i3s3ia

non- human mamal . 35. The nethod of claim 33 or 34, wherein the patient is
not treated with an 15 i mmunosuppressive agent prior to step (b). 36. The
nmet hod of claim 31, wherein the step of expanding is perfornmed in the
presence of an agent selected fromthe group consisting of EG-, bFG-- 2,
high glycose, KG, HGF/SF, GLP- 1, exendin-4, IDX- 1, a nuclej cid

mol ecul e 220 18HEBEH 4G VI DX anpgeBcl el rpm G grovmComsistiagof BGFg hECr-2

combi nati onsybRghegle, K&F:, HeSTEERPY  herfilh ., MAGIGE Aokiiforslge If

transferring FPs®performed via oséopi c retrograde injection. 38. The
met hod of clencoiidg BN, bemaldlin, aaivn iAs TOF - adsbabimtions thegeof.r eati ng the
patient with an i rmunosuppressive agent. 39. The nethod of claim 38 wherein
sai d i mmunosuppressi ve agent prevents an inmune response. 30 40. The

met hod of clai m.38 rein.said,i nosuppr essi ve. agent del ays, t.he
occurrence ot an 1° mﬁ%“e?g%%@n%e.w%‘@e%% @ES%E'%@U%@B?% Vi85 41. The
nmet hod ofp cl@idev@gicvegbghude Sipicloh.MuUNOsuUppr essi ve agent decreases the

intensity of an immune response. 42. The nethod of claim39, 40 or 41
wherein the i nmune response is transplant 10 rejection. 43. The method of

| ai m 38, wh i.n the i ' t. | | ected f th
consisting ot FRISGRE SUPLH oo eADpe e BT

(c) treating the mammal with an immunosuppressive agent.

15 57. The method of claim 56 wherein said immunosuppressive agent prevents an

immune response.

58. The method of claim 56 wherein said immunosuppressive agent delays the
occurrence of an immune response.

20
59. The method of claim 56 wherein said immunosuppressive agent decreases the

intensity of an immune response.

6Q. The method of claim 56, 57, 58, or 59 wherein the immune response is

25  transplant rejection.

61. The method of claim 56, wherein the immunosuppressive agent is selected

from the group consisting of FK-506, cyclosporin, and GAD65 antibodies.

30 62. A method of transplanting into.a mammal, comprising the steps of:
(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a

donor;
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15 44. A nethod of isolating a stemcell froma pancreatic islet of
Langerhans, conprising the steps of: (a) renoving a pancreatic islet from
a donor; w@bjy3wsdturing cells fromthe pancreatic islet; podugaysssal ecting
a nestin-positive clone fromthe culture. 20 45. The nethod of clai m 44,
wherein the culturing is first perfornmed in a vessel coated with
concanavalin A and then again perfornmed in a vessel not coated with
concanavalin A 25 46. The net hod of claim 44 conprising the additional

step of: d) ex 13 er nestllp 05|t| e clone by treatnent with an agent
sel ected” from {H& lﬂ" U SR §¢ ﬁg%‘f aE bFGF-2, high gl ucose, KGF,

HGF/ SF, GLP-1, (&xRndRifh th!a@?s eﬁlto&enmb%&maﬁml rmh&&aﬁltﬁe ﬁag&qto@g | DX- 1,
bet acel | ul i n, act|V|n A, ? d conbi nations thereof. 30 47. A method

of i nducing cb}hélfﬁarérfteut@nmoammsulmfpradumgberna padbitive pancreatic stem cell
into a pancreatic progenitor cell, conprising the step of: 67 WO 01/ 39784
PCT/ USO0/ 33031 5 treating a nestin-positive pancreatic stemcell with an

agent el ectad { [OMNA FAHEANSIAL L ahaE EmoRETE 1R ulist 0l Ucose, KGR

HGF/ SF, | DX- a nucleic aci ecul e encodi ng , exendin-4,
betacel 10l i n, a¢d)iisclatind a déskin{pdsitivepshceeitibisteat tdhBomher@ofeatiowsit eby t he
stem cel | subsequent ly differentiates into a pancreatic progenitor cell.
10 48. The ®8P¥od of claim 47, wherein the pancreatl c progenitor cell

pubseauent ! BB Phtlal LA SRRSO
nestin-posi ti ve(danaseaidgths bﬂjgbmirlcen ﬁxﬂmtli’e Dameiadalheeih Sheprogénifdr
cell differentiates into an insulin-producing beta cell.
15
64. The method of claim 62 or 63, wherein the mammal serves as the donor for

said stem cells of step a.

65. The method of claim 62 or 63, wherein the mammal does not serve as the

20  donor for said stem cells of step a.

66. The method of claim 62 or 63, wherein the mammal is a human and the donor

for said stem cells of step a is a non-human mammal.

25 67. The method of claim 65, wherein the mammal is not treated with an

immunosuppressive agent prior to step (b).

68. The method of claim 66, wherein the mammal is not treated with an
immunosuppressive agent prior to step (b).

30 )
69. The method of claim 63, wherein the step of expanding is performed in the

presence of an agent selected from the group consisting of EGF, bFGF-2, high
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donor; and (b) transferring the stemcell into the mamual, wherein the stem
cell differentiates into an insulin-producing cell. 20 50. The nethod of

cl ai m 49 wohesEsfn t he mammual serves as the donor for sai decewsewisedll s of
step a. 51. The nethod of claim49, wherein the mammal does not serve as
the donor for said stemcells of step a. 25 52. The nethod of claim 49,
wherein the mammal is a human and the donor for said stemcells of step a
is a non-human mamual . 53. The net hod of claim 51 or 52, wherein the mamal

i t t t ed t t t t b 54,
I‘I’?len?reth ga ucg\é\éall{?lig{%ﬁgfel nﬁ "Po Wg agen 18% drarﬁggﬁﬁflegg,( %he stem
cel | 68 WOeRddd39/ ﬂﬂxﬁcﬁé&@@l@lﬁﬁ%ﬁ%nﬁ T@FIB %ﬂ& @Qnﬁ%aﬁéﬁé%é%&fh an agent

sel ected fromthe group consisting of 2, high glucose, KGF,
HGF/ SF, GLP-1, exendin-4, IDX-1, a nucl e| c aC| d nol ecul e encodi ng | DX-1,

bet acel | ul i I Vi , and conbi nations thereof. 55  The net hod
of claim 499%@% %Oﬁ@fwélﬁéfor@aw ?rémhﬁétepg?gé?% feFing ds performed via
endoscopi ¢ rﬁ&(gsgglgl@q; dg'i’é G Je9t'fbn 56. The nethod of claim49 additionally
conprising t step of - (%cﬁl treating the mammal w th an i munosuppressive
agent. 16 57. The nethod of claim 56 wherein said i mmunosuppressive agent

prevents an_ inmmune response. 58. The method of claim56 wherein said
i munosuppr d3si \Téeﬁﬁéhﬂd(tféla&?§2taﬁélt106é]énF‘Pré%%ng)fheéwplOrfmlne response. 20

59. The rret @qre%ﬁmgltﬁ%r%rg%ai"h%?mﬁ'm%%'ngsdp%% ugﬁp .ESSI ve agent decreases

the intensi res

72. The method of claim 63 additionally comprising the step of:

15  (d) treating the mammal with an immunosuppressive agent.

73. The method of claim 71 or 72 wherein said immunosuppressive agent prevents

an immune response.

20  74. The method of claim 71 or 72 wherein said immunosuppressive agent delays

the occurrence of an immune response.

75. The method of claim 71 or 72 wherein said immunosuppressive agent
decreases the intensity of an immune response.

25

76. The method of claim 73 wherein said immune response is transplant rejection.
77. The method of claim 74 wherein said immune response is transplant rejection.
30  78. The method of claim 75 wherein said immune response is transplant rejection.

79. The method of claim 71 or 72, wherein the immunosuppressive agent is

71



60. The nethod of claimb56, 57, 58, or 59 wherein the i mune response is

25 transplant rejection. 61. The nethod of claim56, wherein the

i Munosuppd essy78£ agent is selected fromthe group consiBCTW§E30HK- 506,
cycl osporin, and GAD65 anti bodies. 30 62. A nethod of transplanting into a
manmal , conprising the steps of: (a) isolating a nestin-positive pancreatic
stemcell froma pancreatic islet of a donor; 69 WO 01/39784

PCT/ US00/ 33031 5 (b) cul turing the stem cel | ex vi vo; and (c) transferring

the progenito to t he mamma

G 11 or et acgeen gk R R RPde G OB atoggy . 588 UABES wifhagissor
transplanting into a manmal, conprising the steps of. 10 (a) isolating a
nesti n-positive pancreatic stemcell froma pancreatic islet of a donor;
(b) expandi r&g. t hemsthedot ghihspéanting vigo aongmmely cempripngtherstdpsroficel | ; and (c¢)
transferring thz pr?%enltor cell, into the manmal ,  wherein the rogenitor
cel | differenti &dPITHER BPROSHYHPHGIUESEY 65k oM g RanCreBicsialet g met hod
of claim62 gr,63, wherein the mammal serves as the donor for said stem
cells of step a’ 65. The nethod of claim62 or 63, wherein the manmal does
not serve as thé) eXPartivmothefsteim sal © wodre a@rdgenibdr &liep a. 66. . The net hod of
claim62 or 63, wherein the mammal is a human and the donor for said stem
cells of step al(Qglifferppintingtgpivgeriior celbm @rtureriodor perygooslethi m 65,
wherein the Wes a@ not treated with an inmunosuppressive agent prior to
step (b). e e %od of claim66, wherein the manmal is not treated

with an |mmnownﬁheeﬁmgethag@amopﬂietqsketacggﬁetg@t@s {0 the mammal.

15 81. The method of claim 80, wherein the mammal serves as the donor for said

stem cells of step a.

82. The method of claim 80, wherein the mammal does not serve as the donor for
said stem cells of step a.

20
83. The method of claim 80, wherein the mammal is a human and the donor for

said stem cells of step a is a non-human mammal.

84. The method of claim 82 or 83, wherein the mammal is not treated with an

25  immunosuppressive agent prior to step (b).

85. The method of claim 80, wherein the step of expanding is performed in the
presence of an agent selected from the group consisting of EGF, bFGF-2, high
glucose, KGF, HGF/SF, GLP-1, exendin-4, IDX-1, a nucleic acid molecule

30  encoding IDX-1, betacellulin, activin A, TGF-f3, and combinations thereof.

86. The method of claim 80, wherein the step of transferring is performed via
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30 69. The nmethod of claim®63, wherein the step of expanding is perforned
in the presence of an agent selected fromthe group consisting of EGF,
bFGF- 2, Wa@hi1/39784 WO 01/ 39784 PCT/ US00/ 33031 5 gl ucose, KSET/UBBA3GH, GLP-1
exendin-4, 1DX-1, a nucleic acid nol ecul e encoding I DX-1, betacellulin,
activin A, TGF-1i, and conbinations thereof. 70. The nethod of claim62 or
63, wherein the step of transferring is perforned via endoscopic
retrograde injection. 10 71. The nethod of claim 62 additionally conprising
t he step_of: déﬁdé .treatig%'.t he .manmal with an i nmunosuppressive agent. 72.
The nethdd SPIXCEPINEEEHR SHAT 1 y conprising the step of: 15 (d)
treating the mammal wi th an i nmunosuppressive agent. 73. The nethod of
claim71 or 72 wherein said i nmunosuppressive agent prevents an inmmune
response. 23774 Thdhethet dfethiof 8(cddditiandlly compi2sing ereasitep «fai d

I MMuNosuppr essi Vé agent delays . the occurrence of an immune response. 75.
The nethod of clRitiFRIMS te MIMFARLYER AL EBMENOSWRDIFSEYDAIBESi ve agent

decreases the intensity of an i mune response. 25 76. The nethod of claim
73 wherein said i mune response is transplant rejection. 77. The method of
cl ai m 740wheggei The aiethddoneimr $7spheisia shid inhar®phtessivejageitipdévents3@ 78. The
met hod of claim 75 wherein said i nmune response is transplant rejection.
79. The net RHBGUGE resPapi® 71 or 72, wherein the i mmunosuppressive agent is 71
WO 01/ 39784 PCT/ US00/ 33031 5 selected fromthe group consisting of FK-506,
cycl osporin, and GAD65 anti bodies. 80. A nmethod of transplanting into a

mammal , comEoi SiTRE el dSdfRREmMA7. wherein said immunosuppressive agent delays the
' occurrence of an immune response.
15
90. The method of claim 87 wherein said immunosuppressive agent decreases the

intensity of an immune response.

91. The method of claim 88, 89 or 90 wherein the immune response is transplant

20  rejection.

92. The method of claim 87, wherein the immunosuppressive agent is selected

from the group consisting of FK-506, cyclosporin, and GAD65 antibodies.

25 93. Anisolated, nestin-positive human pancreatic stem cell that is not a neural

stem cell.

94. The isolated stem cell of claim 93 that differentiates to form insulin-producing
beta cells.

30
95. The isolated stem cell of claim 93 that differentiates to form glucagon-

producing alpha cells.
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(a) isolating a nestin-positive pancreatic stemcell froma pancreatic
islet of a donor; 10 (b) expanding the stemcell to produce a progenitor
cell; (cwdbpisesentiating the progenitor cell in culture POTASENM3031
pseudo-islet Iike aggregates; and (d) transferring the pseudo-islet |ike
aggregates into the mammal. 15 81. The nethod of claim 80, wherein the
mammal serves as the donor for said stemcells of step a. 82. The net hod
of claim 80, wherein the mammal does not serve as the donor for said stem
cells of step a. 20 83. The nmethod of claim 80, wherein the manmal is a
human and the donor for said stemcells of step a is a non-human mamal .

84. The methad afoGl i ﬁ@m%ll%?c aﬂﬂ%%zﬂ ﬁ%@@re@%@% i ﬁ%ﬁ%& 'is?&tl with an

25 i CMmunosuppr essi ve agent prior ai m 80,
wher ei n t he agiRfgates. expandrng IS perforned in the presence of an agent

sel ected fromthe group consisting of EGF, bFG-2, high glucose, KGF,

HG-/ SF, G.P-1, exendin-4, IDX-1, a nucleic acid nnlecule 30 encoding I DX-1,
bet acel | ul i agt i vi The met hod
of o ai m 80 anarehe AL ETssh B o AP 3R ARG A P RiftsrefRyeT75 Vo

01/ 39784PCT/ USO0/ 33031 5 endoscoprc retrograde injection. 87. The nethod
of claim80 additionally conprising the step of: (e) treating the nmamal
wi th an i mmf8osdpprisedated/semgeh of clhon 98 tharheimrattopdviégedl ai m 87 wherein said
i Mmunosuppr essi ve agent prevents an immune response. 89. The nethod of

cl ai m 87 wherein said i nmunosuppressi ve agent delays the occurrence of an

| MTuNe 1 espaps e The isolated stem cell of claim 93 that does not express class | MHC antigens.
15 100. The isolated stem cell of claim 93 that does not express class Il MHC antigens.

101. The isolated stem cell of claim 93 that does not express class I or class Il MHC

antigens.

20  102. A method of identifying a pancreatic cell as a stem cell, comprising the step of:
contacting a cell with a labeled nestin-specific antibody, whereby if the cell

becomes labeled with the antibody the cell is identified as a stem cell.

103. The method of claim 102 further comprising the step of:
25 contacting the cell with a labeled cytokeratin-19 specific antibody, whereby if
the cell does not become labeled with the antibody the cell is identified as a stem

cell.
104. The method of claim 102 or 103 further comprising the step of:

30 contacting the cell with a labeled collagen IV specific antibody, whereby if the

cell does not become labeled with the antibody the cell is identified as a stem cell.
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15 90. The nethod of claim 87 wherein said i nmunosuppressi ve agent
decreases the intensity of an inmmune response. 91. The nethod of claim 88,
89 or 90 wher/sd7e4 t he i mune response is transplant 20 repertwsams3of2. The
met hod of claim 87, wherein the i nmunosuppressive agent is selected from
the group consisting of FK-506, cyclosporin, and GAD65 anti bodies. 25 93.
An isol ated, nestin-positive human pancreatic stemcell that is not a
neural stemcell. 94. The isolated stemcell of claim93 that

di fferenti at t.o form i.nsul.in-producin beta cells. -30 95. The .isol ated
Stem cel P ofl0% 2 mr8afphiE eBeRedii Pt e R Rafnar relgo Arsridiniy. al pha
cells. 73 ; 1l 5 96. The isolated stemcell of claim
93 that di }/\?ee%éf}?gsfsgosﬁ oélk%ggﬁsg%gﬁdo-i slet |ike aggregates. 97. The

i sol at ed st em cekdtingfthe hedtim @3itiveplandedtfoet@n celhtvith ancffeotiva dnepait ofyi es. 10

98. The isolated stemcell of claim93 that is immunoprivileged. 99. The
i sol ated st @8FHdhat gfucey the gleneql Hgditigeatiate inte hepagacytes |og &do pragepitent i gens.

15 100. Theck§%gélcﬁﬁ?%hﬁ£9e§ﬁﬁh'he tg@é@si-m% t hat does not express class 11

IVHC anti gens e I1solate mcell of claim93 that does not
expressiolass | or class Il MAC antigens. 20 102. A nethod of identifying
a pancreatic cell as a stemcell, conprising the step of: contacting a
cel | with alPabéhemetwdiafslaipd@Ss wheramithe agrpt isgysloppning t he cell becomes
| abel ed with the antibody the cell is identified as a stemcell.

107. A method of treating a patient with liver disease, comprising the steps of:
(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a
15 donor; and
(b) transferring the stem cell into the patient, wherein the stem cell

ditferentiates into a hepatocyte.

108. The method of claim 107, wherein the patient serves as the donor for said stem

20  cells of step a.

109. A method of treating a patient with liver disease, comprising the steps of:
(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet ofa
donor;
25 (b) expanding the stem cell ex vivo to produce a progenitor cell; and
(c) transtferring the progenitor cell into the patient, wherein the progenitor cell

differentiates into a hepatocyte.

110. The method of claim 109, wherein the patient serves as the donor for said stem

30  cells of step a.

111. A method of treating a patient with liver disease, comprising the steps of:
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103. The nethod of claim 102 further conprising the step of: 25 contacting
the cell with a | abel ed cytokeratin- 19 specific antibody, whereby if the
cell doewameoisdsecone | abeled with the antibody the cell iBcTasowizdiled as a
stem cell. 104. The nethod of claim 102 or 103 further conprising the step
of : 30 contacting the cell with a | abeled collagen 1V specific antibody,
whereby if the cell does not becone |abeled with the anti body the cell is
identified as a stemcell. 74 WO 01/39784 PCT/US00/33031 5 105. A nethod
of inducing a nest.in-positive pancreatic stemcell to differentiate into
hepat ooyt ee, o A atEeBIRSs SochauERg b S heEa peb ol
pancreatic ghgspcell with an effective amount of an agent that induces the
stemcell to differentiate into hepatocytes or into progenitor cells that
di fferentiat e i (h)diffepatangttiessterh@ell @6 vivohe prmelubod hefatadyad; end 05, wher ei n
the agent is cyclopamne. 107. A nethod of treating a patient with |iver

di sease, conpri &PAGneieEINGtAgRenstocyteintq thepalisthg a nestin-positive
pancreatic stemcell froma pancreatic islet of a 15 donor; and (b)
transferring the stemcell into the patient, wherein the stem cel

di fferemndi atteé3. The methddafatapayitle, wh&8in thé patisit badesads thd aorvr T8 kaidghei n t he
patient serves as the donor for said stem 20 cells of step a. 109. A

nmet hod of tlcélé%@frﬁgepaa-pati ent with Iiver disease, conprising the steps of:
(a) isolating a nestin-positive pancreatic stemcell froma pancreatic
islet of a donor; 25 (b) expanding the stemcell ex vivo to produce a

progeni tor qesl ThaRt{od)oflclaansioer racg ltihewRERGARE bRient 8bés dofb&ve hetheat i ent
wherein the progenitor cell differentiates into a hepatocyte.
donor for said stem cells of step a.

15
114. The method of claim 107, 109 6r 111, wherein the patient is a human and the

donor for said stem cells of step a is a non-human mammal.

115. The method of claim 113, wherein the patient is not treated with an

20  immunosuppressive agent prior to step (b).

116. The method of claim 114, wherein the patient is not treated with an

immunosuppressive agent prior to step (b).

25  117. The method of claim 113 additionally comprising the step of:

(c) treating the patient with an immunosuppressive agent.

118. The method of claim 114 additionally comprising the step of:
(c) treating the patient with an immunosuppressive agent.
30
119. The method of claim 117 wherein said immunosuppressive agent prevents an

immune response.
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110. The nethod of claim 109, wherein the patient serves as the donor for
said stem 30 cells of step a. 111. A nethod of treating a patient with
l'iver di se@ess39780nprising the steps of. 75 WD 01/39784 PelT/AUS@M@388031 5
(a) isolating a nestin-positive pancreatic stemcell froma pancreatic
islet of a donor; (b) differentiating the stemcell ex vivo to produce a
hepatocyte; and (c) transferring the hepatocyte into the patient. 10 112.
The nethod of claim 111, wherein the patient serves as the donor for said
stem cells of step a. 113. The nethod of claim 107, 109 or 111, wherein

t he patlgnt does not serve as the donor for said stemcells of step a. 15

114. The metihod T0f nfdi@dBLdm IJiQQN}%rreu]x %algiqmmﬁﬁﬁlﬂf)résgﬁ@e R&dHt %@fa%%gwa hu n’an

and the donor for said stemcel step a I's a non-hufan ma

The net hod ojccmtealcemﬁarsgmmhmmspnmhe patient is not treated with an 20

i mmunosuppressi ve agent prior to step (b). 116. The nethod of claim 114,
wherein the patient is not treated with an immunosuppressive agent prior

to step (b).1225 1 frerk e%frzﬁamcimhe%lﬂ's&mmgalop LQaakl, en(f(aga%és%%ﬁ% the

step of: (c) treating atient wth an 1 nmun pressive agen 118.

The net hod Qﬁ&ﬁ&@hﬁhﬁl&nﬁdﬂk&m@m&lly conpri sing the step of : (c) treating
the patient with an i munosuppressive agent. 30 119. The nethod of claim
117 wherein said i munosuppressi ve agent prevents an inmrune response. 76

VO 01/39784 IBE:TL[H(? 91 l?’o% sfclalm 117 wherein the immune response is transplant rejection.

123. The method of claim 118 wherein the immune response is transplant rejection.
15

124. The method of claim 119 wherein the immune response is transplant rejection.
125. The method of claim 120 wherein the immune response is transplant rejection.
20  126. The method of claim 121 wherein the immune response is transplant rejection.

127. A method of transplanting into a mammal, comprising the steps of:
(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a
donor; and
25 (b) transferring the stem cell into said mammal, wherein the stem cell

differentiates into a hepatocyte.

128. The method of claim 127, wherein said mammal serves as the donor for said
stem cells of step a.

30
129. A method of transplanting into a mammal, comprising the steps of:

(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a
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5 120. The method of claim 117 wherein said i munosuppressi ve agent del ays
the occurrence of an i nmune response. 121. The nethod of claim 117 wherein
sai d i nmwosupyIsL£ssi ve agent decreases the 10 intensity pET/@R00I/IININE
response. 122. The met hod of claim 117 wherein the i mune response is
transpl ant rejection. 123. The nethod of claim 118 wherein the i mune
response is transplant rejection. 15 124. The nethod of claim 119 wherein
the i mMmune response is transplant rejection. 125. The nmethod of claim 120
wher ei n %he i mune response is transplant rejection. 20 126. The net hod of
claim12 mﬁ@?@?n t he i mmune response is transplant rejection. 127. A

met hod of transp))aRbAding fheQtedn EAMTB)ivo HYPFRIUE aPRosdifost8Ran®! : (a)
isolating a nestin-positive pancreatic stemcell froma pancreatic islet of

a donor; and 2&)thapsterangsthe pragegitdrivell site maid @hdminal, ovhswimdthegnogehitomher ei n
the stem cel | ijferentiates into a hepatocyte. 128. The nethod of claim
127, wher ei fel dHEFroptiRiRg inte rhrpatoses he donor for said stemcells of step
a. 30 129. A nethod of transplanting into a manmal, conprising the steps
of: (a) isolating a nestin-positive pancreatic stemcell froma pancreatic
islet ofida 130. W& hkthdd 0341406T/295606r33G3d mbmeaahsdryey d3)thedgmnthrygidt he stem
cell ex vivo to produce a progenitor cell; and (c) transferring the

progeni tor st call§odsigpiad nammal , wherein the progenitor cel
differentiates into a hepatocyte. 10 130. The nethod of claim 129, wherein
said mammal serves as the donor for said stemcells of step a.

131. A method of transplanting into a mammal, comprising the steps of:
(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a
15 donor;
(b) differentiating the stem cell ex vivo to produce a hepatocyte; and’

(c) transferring the hepatocyte into said mammal.

132. The method of claim 131, wherein said mammal serves as the donor for said

20  stem cells of step a.

133. The method of claim 127, 129 or 131, wherein said mammal does not serve as

the donor for said stem cells of step a.

25  134. The method of claim 127, 129 or 131, wherein said mammal is a human and

the donor for said stem cells of step a is a non-human mammal.

135. The method of claim 133, wherein said mammal is not treated with an
immunosuppressive agent prior to step (b).

30
136. The method of claim 134, wherein said mammal is not treated with an

immunosuppressive agent prior to step (b).
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131. A nethod of transplanting into a mammal, conprising the steps of: (a)
isolating a nestin-positive pancreatic stemcell froma pancreatic islet of
a 15 dowopi/gdd4 differentiating the stemcell ex vivo toPOT/OSBIH

hepat ocyte; and (c) transferring the hepatocyte into said mammal. 132. The
met hod of claim 131, wherein said manmal serves as the donor for said 20
stemcells of step a. 133. The nmethod of claim 127, 129 or 131, wherein
said mammal does not serve as the donor for said stemcells of step a. 25
134. Thesnethod of claim 127, 129 or 131, wherein said manmal is a human
and the~donor for said stemcells of step a is a non-human mamal . 135.

The met hod qfy7ciak MekR3 of MBMEI 3D aﬁéﬁtfénw%ﬂis?_ns%ﬁfe step@at ed with an

i mrunosuppressi ve agent prior to step (b The net hod of cl ai m 134,
wher ei n sai d nmafejuteatisg swd manmeat] edthant immmosippessoswgpntessi ve agent pri or
to step (b). 78 WD 01/39784 PCT/ US00/ 33031 5 137. The nethod of claim 133
addi tionally conprising the step of: (c) treating said manmmal with an

| MUnOSUPPY 4S8! e ARk of A 13K ABABLIRCoGho Rl M 138 RATI L onal Ty

conprising the step of: treatin

I Mrunosuppr essi Y® tagend said 3@mnidevitieinhigthwiosapmessivkIgemher ei n sai d

I nmunosuppressi ve agent prevents an immune response. 15 140. The net hod of
claim 137 wherein said innunosuppressive agent delays the occurrence of an

I mune res PQige Thg' ﬁ%é‘th c'l’r%]hn%q eﬁgn %almn%%%n{)?u%(rgfeisglxg Igl%%lﬁ Rrevents an

I mrunosuppr essi ve ent ECI’ eases nt ensi e response.
immune response.

15  140. The method of claim 137 wherein said immunosuppressive agent delays the

occurrence of an immune response.
141. The method of claim 137 wherein said immunosuppressive agent decreases the
intensity of an immune response.
20
142. The method of claim 137 wherein the immune response is transplant rejection.
143. The method of claim 138 wherein the immune response is transplant rejection.
25  144. The method of claim 139 wherein the immune response is transplant rejection.
145. The method of claim 140 wherein the immune response is transplant rejection.
146. The method of claim 141 wherein the immune response is transplant rejection.

30

147. An isolated, nestin-positive human liver stem cell that is not a neural stem cell.
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20 142. The nethod of claim 137 wherein the i mmune response is transpl ant
rejection. 143. The nethod of claim 138 wherein the i nmune response is
transpl amoonepwsii on. 25 144. The nmethod of claim 139 wheeEUsOWIZe31 mMune
response is transplant rejection. 145. The nethod of claim 140 wherein the
i mmune response is transplant rejection. 146. The nethod of claim 141
wherein the i mmune response is transplant rejection. 30 147. An isol ated,
nestin-positive human |iver stemcell that is not a neural stemcell. 79
WO 01/39784 PCT/ USQ0/ 33031 5 148, The_isolated stemcell of claim 147 that
i s i nmuncpri W dgsdselat .Stewni‘é(?laé‘f’e‘mélﬂaéhﬁ UNPNeIYIVEEgsdn 147 that does not
express class | MHC antigens. 150. The isolated stemcell of claim 147

t hat does not express class 11 MHC 10 antigens. 151. The isol ated stem cell
of cl ai m 147149hathedagsted sttmesefirofshiml 1a3 shdt does wdt@gprekd cladyHGMHA dnggarss. 15
152. An isol ated, nestin-positive human stemcell that is not a neural stem
cell, that is capable of transplant into an aninmal w thout causing graft
versus host j ecti.on, 53. The jsaol nest i.n- AR n stem cel |
of claim 152{51?}Ih2[§wi155012ﬁ%? g-[rerrxglljc(g:} OE%ﬁlaéIP()lgt(%Sr%éthgsl‘ht{% ?BJ%ggrrépllfisesil g/ﬁ_g@'s | or class
|1 restrjoct egtiodtk. 154. A pharmaceutical conposition conprising the isolated
stem cel | of cFai m 93 adm xed with a physiologically conpatible carrier.
155. A pharnaceutical conposition conprising the isolated stemcell of

| ai m 147 2 ' i th hysi ol agical | tiDbl ier...156. A
oot mmsaut 1 T SE ) B % TRl e BT PGS B 115 B2
adm xed w t hygPhygemd. ogi cal |y conpatible carrier. 80

15 152. Anisolated, nestin-positive human stem cell that is not a neural stem cell, that

is capable of transplant into an animal without causing graft versus host rejection.

153. The isolated, nestin-positive human stem cell of claim 152 that is not major
histocompatibility complex class I or class II restricted.

20
154. A pharmaceutical composition comprising the isolated stem cell of claim 93

admixed with a physiologically compatible carrier.

155. A pharmaceutical composition comprising the isolated stem cell of claim 147

25  admixed with a physiologically compatible carrier.

156. A pharmaceutical compositioﬁ comprising the isolated stem cell of claim 152

admixed with a physiologically compatible carrier.
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