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TREATI NG : DI ABETES MELLI TUS PRI ORI TY The present application clains
"priority to U'S. Application Serial. No. 09/963, 875, filed? pefARiSés 26,

2001, U. S, Application Se,rlal No. 10/120,687, filed April 11, 2002 and U.S.

R RS okl %%g iy RARRERRICHMELERGT

dlfferentlatlon In partlcular othe field of beta cells

of the islets of Langerhans in the Eancreas and nestin positive liver stem
cells and‘thelr differentiation fr ells or progenitor cells, and
the use of pancreatic stemcells, progenitor cells, and differentiated
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t her ef Appl altleﬂSE:n&NgoWﬂ%rBﬂl fited Mant %i2902certain ri ght s in the invention.
I The origin of pancreatic islet cells, both during enbryonic devel opnent
and in a mature manmmal, has remained uncertain despite intensive st udy.

Certain ductal epithel ig%ﬁﬁﬁtﬂﬁﬁ*ﬁmﬁwm ehveNT@endi fferentiation or
transdifferentiation t S and Ot ner ce types found in

mature islets (BouWens, 1998). Ductal cells fromisolated islets can
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adm ni stration of exendin-4 for 10 days post pancreatectony attenuated the

devel opas®r pIgeniipraedls Eansplaggion) so” ken denonstrated that exendin- 4

stinmul ates the regeneration of the 1 2 4 MAR 2006 pancreas and expansi on of

(3-cell mass by neogenesis and proliferation of R-cells (Xu et al., 1999,

Di abet es, |48: 2270- 2276) . BACKGROUND OF THE INVENTION

ITh'e: invention was rnajie at least in part using U.S. 'government funds, grants DK30457,
DK3¢834 DK55365, DK60J125 awarded by the National Institutes of Health, and therefore the
U.S. govemment may retain tcertam rights in the invention,

1Thc origin of pancrcatic islet cells, both during embryonic development and in a mature
mmmal has remained unceytain despite intensive study. Certain ductal epithelial cells are
capat?le of either dlfferentlatlon or transdifferentiation to form beta cells and other cell types
found in mature islets (Bouwens, 1998). Ductal cells from isolated islets can proliferate in
cultunle and, if transplanted ifto an animal, can differentiate into finctional beta cells (Cornelius
etal., 11997). |

|It has been demonstrated that exendin-4, a long actmg GLP-1 agonist, stimulates both the
d1ffcﬂent1at10n of B-cells ﬁon‘n ductal progenitor cells (neogenesis) and proliferation of P -cells
when' administered to rats. In a partial pancreatectomy rat model of type 2 diabetes, the daily
admlTnstratlon of exendin-4 for 10 days post pancreatectomy attenuated the development of

diabetes. It has also been dcmonstratcd that exendin-4 stimulates the regeneration of the
1 :
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Ram ya et al. have denonstrated that islets generated in vitro from
pluripotent stemcells isolated fromthe pancreatic duzztﬁ ﬁB aﬁkjét -

predi abeti c non-obese diabetic (NOD) nmice differentiatée tto Br | ucose
responsive islets that can reverse insulin-dependent diabetes after . being
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i ns @ aln20Q0 Diheies, 4817A4-748) has remmi ned uncl ear whet her these celll s
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transditierentiation. Even If such preparations contaln genuine sStem

cel (iso krowibasUDER Y \ranygade thitsise Hnerresulie 3¢ fHe (Fngconversion cinchearicytd
contam nating cell es may be present. There is a need in the art for,
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ti ssues have been identified in brain. Neural stemcells specifically

ex praghsehefsT-8% efithesstosHarbuhedtintofingdimerpresging betawells. cHiteatencantratipn of1990;
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theppare l's’ﬁﬁ'ive%treptozotocin—induced diabetes, and can even normalize glycemia (Ferber et z’fl.,

2000, Nature Med., 6:568-572). !

While ductal cell cultures obtained froin isolated islets apparentlpr contain cells that can I
give rise to insulin-secreting cells, it has remained unclear whether thq'se cells represent true sfem
cells or merely ductal epithelial cells undergoing transdifferentiation. iEvgn if such preparatio{:ls
contain genuine stem cells, it is unknown what fraction represent stem: cells and what
contaminating cell types may be present. There is a need in the art fori the isolation of speciﬁcit
cell types from pancreatic tissue, the cell types being characterized as .T;tem cells using molecqilar
markers and demonstrated to be pluripotent and to proliferate long-tergin. i

Pluripotent stem cells that are capable of differentiating into neqronal and glial tissues ]}ave
been identified in brain. Neural stem cells specifically express nestin? an intermediate ﬁlame}nt
protein (Lendahl et al., 1990; Dahlstrand et al., 1992). Nestin is expressed in the neural tube of

the developing rat embryo at day E11, reaches maximum levels of exliression in the cerebral
) .




2 4 MAR 2006 cortex at day E16, and decreases in the adult cortex,
becom ng restricted to a popul ation of ependynal cells (LP@dﬁER @ al .,
"1990) . Devel opi ng neural and pancreatic islet cells exhibit phen @pi C
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stemcell§ ar nestin-positive liver stemcells are transferred int I a
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not ocCCibnagddiiEYerer THE:INVENTION | It is an object of the invention to

provi de ndnimalian pancreatic or liver stemcells for use in treating
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G abet cereuipiy pee ABBIAC O RO R R W o releb M A0 Bt BREL T2 06 from
a pancreatic islet of a donor. In another enbodiment, a pancreatic stem
cell that ;is positive for at |east one of ABCG2 —Oct3/4, Gl -1 receptor,
| atrophilim: (type 2), Hes- SUMMARY. OF LREINYVENTION: s a6 and (31, CKkit,
IVDR" , ‘ | J ’ ’

' 1tis an object of the iI;lVCDﬁOIl to provide mammalian pancreatic or liver stem cells for use

in trpating diabetes mellitusg and other disorders. It is also an object of the invention to provide
met - ods for identifying, loc?alizing, and isolating pancreatic stem cells. It is a further object of

} the invention to provide mejthods for differentiating pancreatic stem cells to obtain cells that

; produce insulin and other h%)rmones. It is also an object of the invention to provide methods for

transplantation into a mamrhal that utilize mammalian pancreatic or liver stem cells, These and

Otheélf objects of the invention are provided by one or more of the embodiments described below.
. One embodiment of the invention provides a method of treating a patient with diabetes
mel*itus. A nestin-positive pancreatic stem cell is isolated from a pancreatic islet of a donor. In
anot!her embodiment, a pané:rcatic stem cell that is positive for at least one of ABCG2, Oct3/4,
GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits o6 and p1, C-kit, MDR-1,
SU]%.-I, Kir 6.2 and/or doesé not express one or all of CD34, CD45, CD133, MHC classI and

i . ) .
MHb class I is isolated fro;tm a pancreatic islet of a donor. In another embodiment, a pancreatic
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Suit-1, Kit 6.2 and/or does: not express one or all of CD34, CD45, CD133,

MHC class | and MHitC class Il is isolated froma pancreatic islet of a :
donor. In another enbodi nent, a pancreatic 3 2 4 MAR 2006% %ﬁg] E that - -
is positive for SST-R2, SST-R3 and/or SST-R4 is isolated m creatic

i sl @lem @1 tRatdOPGYitive e sstrqm GRITLR 3 snd/bQST- ?J4r1§ tholdMdfréQ paddredtittislenhere it
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patient. A nestin positive pancreatic stemcell is'isolated from
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t ra i met hod

¢ “BROdEL & frdgBhrcafl, BOb AR cnbdfifeith prARARIC W B M SRRGAPPERSE T Tt ¢
st emgastdde dfmeenamﬁe#if mmar@afﬁtsf eakopiitingtyible 2)f Hes-TMwtindntdgrnl t ured ex
vivo to produce a prog\fml tor cells. In another enmbodi ment, a pancrieatic
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isolated froma pancreatic islet of a donor and cultured ex vivo to

pr odiiffesentiapadigenitams o e psevierislgs likg eggr@gatesdém arp frapsferrest iator the patiRtG ¢ he
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A nestin-positive pancreatic stem cell is isolated from a pancreatic 1sle§t of a donor and cultured

ex vivo to produce a progenitor cells. In another embodiment, a pancr@éatic stem cell that is
positive for at least one of ABCG2, Oct3/4, GLP-1 receptor, latrophih'%l (type 2), Hes-1, Nestin, .\
Integrin subunits a6 and B1, C-kit, MDR-1, SST-R2, SST-R3, SST-R#, SUR-1, Kir 6.2 and/ar
does not express one or all of CD34, CD45, CD133, MHC class I and %MHC class IT is isolatecll

from a pancreatic islet of a donor and cnitured ex vivo to produce a progenitor cell. The

=

progenitor cell is transferred into the patient, where it differentiates imifo an insulin—producing ;
beta cell. |
In these embodiments, the patient can also serve as the donor of: the pancreatic islet tlSS\‘I
providing an isograft of cells or differentiated tissue. ! |
In another preferred embodiment, prior to the step of transfemng, the stem cell is treatech ex
vivo with an agent selected from the group consisting of EGF, bF GF-Z_ high glucose, KGF,

HGF/SF, GLP-1, exendin-4, IDX-1, a nucleic acid molecule encoding! IDX-1, betacellulin,
4




In these énbodi ments, the patient can also serve as the donor of the
pancreatic islet tissue, providing an isograft of cells orzogi ffer | at ed
- WA e

“tissue. |m.ano preferred enbodi nent, prior to the step rring,
t he steﬁ?%‘@? ’&E*%'ttﬁ &guibgnatipny, tergot.n an agent sel ected from the group
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one of AEOHR; st call dlonGisFyelectedcfisg dre, cultit Froplotter embbitinend)a,cldleofl, Nestin,
Integrin subunits a6 and. (31, Ckit, MOR-1, SST-R2, SST-R3, SST-R4, SUR-1,
Kir 6. 29%“2;5‘7%95*881 ?@F%@ﬁ%‘%ﬂ‘ﬁér Fleast pnepf ABEG2, Oidst, GiBrbmeeple cl ass |
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«.Jthe method of isolating a stemcell further conprises e additi onal step
of expaftfl MG dlassdll isselesiadifrara thesmitung (Qptionally éhe iskebisdisiquirgadafinohdslegr oup

i stipg.of EGE. bFGE-:. high KGR, HGE/SF,, GLP-1,. di n- 4,
T | SR lcalnring Baieniy sbuiPd vEh SBERRA B A, ek B fmon-is Bl n A
TG (3, amqn@g{fg?ﬂea ERBSdititat, 9 methodl Bf shRing ABRM M&%@?@eﬁh@?t hod of

i nduci ng the erentiation of a nestin- poSitive pancreat tem cedl
into a pldidenahster opexpgedingshe dend by teatmbgrwidnamatientseeqtedolvom dse groupret hod of

! D hFRGEPBROY R SR SR LR S SORLALY®

Hes- 1, Mg§iolbcule®nB88dih® ISMOL Hetatel il B! TGES, ki : a5¥,
SST. R, epokeulebnpSaing IDHCR b a%g?ig’?&g%"ieéﬁh%?i: iié#lgg%’%fe‘&%?%gf& of

C1334, CD45A fobig3mbodintnt ipasssdds aanethddHGT inthasisg the diffdsntirntied of e nestin
Tdiffer goréitivaetpiaggéaﬁc stem cell into a pancreatic progenitor cell. Another embodiment provides a
meti:od of inducing the differentiation of a pancreatic stem cell that is positive for at least one of
AB:CG2, Oct3/4, GLP-1 reé:éptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits a:6 and
p1, iC-kit, MDR-1, SST-M, SST-R3, SST-R4, SUR-1, Kir 6.2 and/or does not express one or all
of dD34, CD45, CD133, MHC class I and MHC class IT. As used herein, “differentiation”
refeéts to the proces§ by Whi;ch a cell undergoes a change to a particular cell type, e.g. to a
speé;ialized cell type. The s}tem cell is treated with an agent selected from the group consisting of
BGF, bFGF-2, high glucosé, KGF, HGF/SF, IDX-1, a nucleic acid molecule encoding IDX-1,
GL}I?-I, exendin-4, betacellillin, activin A, TGF-p, and combinations thereof. The stem cell
sub%equently differentiates iinto a pancreatic progenitor cell.

. Ina preferred embodjment, the pancreatic progenitor subsequently forms pseudo-islet like

aggi'egates.
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refers to the process by wich a cell undergoes a change to a particul ar
cell type, e.g. to a specialized cell type. The 4temcell is treated with
an agent selected fromthe group consisting of Ed, bFGF22% MARI0EH ucose,
KGF, HGF/ SF, I DX-1, a nucleic acid nolecule encoding IDX-1, G.t-1,

exendi nygt alicesibodlrhéht pAfided i} mﬁlat&rﬁﬁ&{tﬁlrp@itﬁivmﬂﬁunmmem arfiiverof . The

stemcell subsequently d| fferentiates into a pancreatic progenitor cell.
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cel |odthal GRRCIORBEptbiR hittopHilin (tyipe 23 Hea+it, INesily, In&grmleldbunﬁtsetd and Ba, €tkétn cel | .
Optional additional steps include contacting.the ¢ Wi th } body to
cyt Mi:l&ﬁﬁ&ﬁﬂfﬁ §ETT%@§JR bﬂéglﬂl &g aherein appﬂéﬁ@gpq:copges F%’&’ﬁg.“f“:bd as a
St em@cﬁaﬂ}ﬁ {l;tngﬁfﬁ %% temI DEHO f bAR% ﬁgl g}ﬂtﬁﬁrﬁ thi1Ge LdiEachiff AeRleRith 19 OF

t he N an er e a pancreattc stemcell is

| dengy Jntlsshy,a@ cgtdkbmqgl and by amsudgzct@ bolageh 8V; thelckll ﬂﬂhntliibdas wistrmaigels peci i ¢
for any , CD 133, MHC Cass | and .vHC:C ass@&%ga% wherein the
d

cel lif ntslocmwttheﬁmeila&gled vathesithertbe cyokeratin 43 or Hs collagany with any of

the anti Odl Rf embodiment, a pancreatic stem cell is identified as a stem cell by contacting the
cell with an antibody specific for any of CD34, CD35, CD133, MHC Class I and MHC Class EI,

wherein the cell is identified as a stem cell if it does not become labeléd with any of the 5
antibodies. ! | :

Another embodiment provides a method of inducing a nestih—pdsitive pancreatic stem d;ell
to differentiate into hepatocytes. The nestin-positive pancreatic stem é;ell is treated with an |
effective amount of an agent that induces the stem cell to differentiatei into hepatocyies or intc?

progenitor cells that differentiate into hepatocytes. In a preferred embodiment, the agent is |
cyclopamine. Another embodiment provides a method of inducing a pancreatic stem ce:ll

that is positive for at least one of ABCG2, Oct3/4, GLP-1 receptor, lairophﬂm (type 2), Hes-

Nestin, Integrin subunits a6 and 31, C-kit, MDR-1, SST-R2, SST- R3' SST-R4, SUR-1, Kir 6 2

and/or does not express one or all of CD34, CD45, CD133, MHC class Iand MHC class I tq

differentiate into hepatocytes by treatment with an effective amount of an agent that induces the B RRREE

b4




Anot her enbodi nent provides a nmethod of inducing a nestin-pdsitive
pancreatic stemcell to differentiate into hepatocytes. Th?f Qeﬁhg ?Si tive
“pancreatic stemcell is treated with an effective anmount ‘a g@ t hat
I nducessitieel tediffeedntiateOnt Hepafoeyitd @lifto progenitoe pellsabatideerantiakdinto
.progenitor cells that differentiate into hepatocytes. In a preferred

enbodi nB#AAtocyee agent is cycl opanine. Anot her enbodi nent provides a nethod

a0, Bl S ARt bl e B e g 10 O
I ntegri ﬂesﬁﬂﬁigﬁiitﬁré pakerédifd stedd celfishiddlatedBPBmla %af%g&%g isle?zgit g aorand tidsfergdd- 1,

Kir 6.2 and/or does not express one or all - , CD133, WMHC cl ass
I~ and Mu® thegatient) wheye thi ftérercel differentiates intoagwpatoyyte dn agotherembuodimenti 2 h an

ef fective,ammunt of _ap agent .that induces th 4 6 stern cell to
di f f er eFAOCERAHC ﬁ%@éﬁ%lgﬁew@ge for 2t Teess B¢ e%éﬁﬁ?%?f %@%@fﬂtwmer entiate
i'mto h N n | h deS~a. ' a
pat i ent PSR Rs 2)Fles T NS, R LIERRk, QK SRR, Serar sz,

I sol at egSTURAISWRAA K & Aridl/drSdoR$ nétfexprefOoRs oo ACRIE (G455 D138 MHNlass
patient, where the stemcell differentiates into a hepatocyte. |In another

enbodi mb#d MEIC ¢lass I isdselpted $roons pasicreatin igletiof aglonpr anddransferrad inte thetpabipet of

ABCR, (:t3/4, GLP- tor,. latrophilin (type 2), Hes-l, Nestin,
I ntegri %%I&&é%‘?“f“? 5 difeResntg ahengeys: nS(ST}/pRS, St R, | SST-R4, SR 1,
Kir 6.2 andf0f re@&PeiBddifReRY, 8RSt 8elPTs e’pandell e84 to Q?ﬁfgfeni@k@ﬁ,, whitleisc| ass

| and MHC,class Il is isolated froma pancreatic islet of a donor and

t r ansf etransderiadtintotthe patiant and furtheedifferentiates oo adkepatetivid.erenti ates into a
~~hepatocyte._In rel.ated enmbodi pment. the. st cel.l, s expanded ex vivo to a
,)pr ogeni t or E’eﬁqo,al%‘?]%ﬁg pgﬁg&%q%qtga G&MSO(%?B n3%1tFﬁll é’ﬁf’”’gﬁbﬂ POBEHIY cell

di fer eqbioatiefad RERE bR Snd b BERRNLRS AEd neRagtd R nohlle Stem
cell is d ?grens?élrg%dgﬁ exegl vo to a progenlﬁe’:nolr cgfﬁ S}\%E% i's t(r}ansferred
i nto t heelged éermbadiment, thersidme velilisidifferentidted esvivoimo hefatqatesoyhieh aten anot her
rel ated embodi nent, the.stemcell is differentiated ex vivo into

hepat oc??@!anmilﬁ‘i?tB?EathnF-anspl anted into the patient. In these

enbodi nent s ' r : : |

oot 1 ogoih aR ARdERtE e fudl A0 BFrd ATEUIRE of b B OARAEN LG,
anot her pewiiish areiRbgpft of celissoratifftramiadddssuaest i n- posi tive human liver stem

cell. In (versions of this enbodjnent, the stein cell is imunopriyileged.
I n versi ons Y&fanofhes embpdiprept provides an 1solated, nestin-posttive human liver stem cell. In

versions of this embodiment, the stem cell is immunoprivileged. In versions of this embodiment,
the kstem cell does not express class I MHC antigens. In versions of this embodiment, the stem
cell;does not express class Il MHC antigens. In versions of this embodiment, the stem cell does

not lexpress class I or class I MHC antigens.

—

i Yet another embodinent provides an isolated, nestin-positive human stem cell thatis not a
neuiral stem cell, that is caﬁable of transplant into an animal without causing graft versas host
rej eiction. In versions of this embodiment, the stem cell is not major histocompatibility complex
clasis I or class I restricted. Still another embodiment provides an isolated human stem cell that is
poslitive for at least one of ABCG2, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin,
Inta;grin subunits a6 and Bi, C-kit, MDR-1, SST-R2, SST-R3, SST-R4, SUR-1, Kir 6.2 and/or
does not express one or all'of CD34, CD45, CD133, MHC class I and MHC class I, that is not a
ncu‘}kal stem cell, that is caplable of transplant into an animal without causing graft versus host
rcje%ction. _

" A “stem cell” as used herein is a undifferentiated cell which is capable of essentially
‘ 7




the btemcell does not express class | MHC antigens. In versions of this
enbodi nent, the stem cell does not express class IT VMHC anti.gens. In
versions of this enbodinent, the stemcell does not expfdsdit® @86 1 or
class Il MHC antigens. Yet another enbodi nent provides an isol ated,

nes tunimites pdpuSattin GiiheSHnaMEd! & vivdaindicapdb®S offdiffBRHli#lonsh etheg 8811 typédrat is
call able of transplant into an aninmal w thout causing graft versus host

r ej dhétdapibe t pervain diffmentiated; einsmistedoimineinte, pragenisareon roaite dell tss ngj or
SRR PSR 3R e R St oo
I A : i 2 : -1,
oo RatpR: i ekytrooitEs ehclynbhittes IR ARERE fro™ ER pRRoREIRRIInorER

SSTddell {9 dt anikistag® ira tisstié oompletedsdifietene fptoeths tissve foim whichahe @884l CDA45,

CD133,, NHC cl.ass | an% MHC class Il, that_is not a_ neuk'al stemcell, t hat
i s dnphiained Forg ploed stami eplls mayrhegeme Rraimeells o dives ¢edls. el S8y sus host

o S el bIDLTENS, sud i BOCIE phiinicifh, I EHSE 8 RBpfat 1T U1, o°
or eignylsfrmafidicanathaess te) tietifeiciitatoay G0l aelbodyypes. THis can be

to certain differentiated, commtted, inmmature, progenitor, or mature cell
types B esesmbodiment at slomumsli penerding énthe invention ssdinmuneloginallyrblindad @ral | y
11

entjat.ed cell t : h f £ _th th fes. and
yriBE bR el as R m e ngic Ay BT or sbEn ISR SR,
t yp%%enttha@wes%&&&ﬁ:it An ﬁnﬁﬁﬁ@fé@p&ﬁ@ph@h@éd’h&l{eiﬁf aﬁ{)ﬁﬂl&n&nreeé@pbﬁﬁ”%ﬁ@qs af rom

which the stemyell is obtained. For exanple, blood stemcells ngy becone
br airespordel raadsrbyt the dmmuee bystenn taa foreigh edbstance| As imemunb eespossepdsowdd cel | s,

such that st cells are pluripofential, and. given the topriate, .

si grigiesy F’?%ergb?é‘ﬁs r@ﬁﬁﬂ‘%ﬁ ﬁ%{ﬁ’i‘fgpfaﬂw Al TIpqtioly anftbedy qu%ﬁg ny tissue in

t he; 1 HRRad Far A hebL ot ' Hhan i s

| e duatdh, R IRTORNSE anifen Sl inphods % iy’ RpbifubBXARAR!

" i mitdeséatder], derl dxpmipllé, byt determining if romapanitad aetgdal has btar mccwsﬁﬁycagrhﬂem at does

not elicit.an i ne response.. As used herejn, "i mung yespansé" refers
to & reelyh ﬁg@rﬁﬁ‘égo By Oﬁ Wleﬁ’rﬁﬂgms}?/ St ?Bcllﬁs @%ﬂ’@fléﬁmﬂmﬁﬁ%&n An i mrune
I eSRAHES, “ABaly$i8 &f G Rbjdctidd?C! if Ik 119 blihddsdémnt or
graft rej ect?gn, ant i bpdi;?c%? od&g?ﬁﬁﬁ%c}dgﬁg%ﬁmtion,@gﬁd% hle respgnse of
ant icghorspeGintriunopyimiégsd pteascdll acerirdiggno therinvemionean be pliogsafiedias det ect ed,
for exanple termining if transplanted material has, been, successfully
g PSRRI ot Dt e R RGBS R ORI T g xs
defigggd herein in the section entitled, "Analysis of Gaft Rejection”. In

one enbodi nent, an "inmunogi cal ly blinded stem :
Transplanted or grafted material can be rejected by the immune system of the transplant

=
-
-
3D

-

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 that is “immunotoleran i
I

does not reject or destroy transplanted material. In one embodiment, 4 host that is :
“immunotolerant” does not respond to an antigen by producing antibadies capable of bindingé to

the antigen. .

As used herein, “rejection™ refers to rejection of transplanted material by the immune |

system of the host. In one embodiment, “rejection means an occurrence of more than 90% caill or
tissue necrosis of the transplanted material in response to the immune response of the host. I‘:n
another embodiment, “rejection” means a decrease in the viability such that the viability of the
transplanted material is decreased by 90% or more as compared to the viability of the ‘

8




cell™ or an "immunoprivileged stemcell" according to the invention can be
.allografted or xenografted wi thout transplant rejection, qng Mg%r@g@gni zed

as self in the transplant recipient or host. Transpl ant ed ‘of gr

nat er i atrangphnted matedsltyetbr iy trizisplantatiuncin sgspoase tofthd inemtieresiohsné! thekospi Ant
.or host unless the host is_immunotol era cisoto t he transpl anted ggterl al or

unl ess ﬁcmﬁaﬁ&mbré@ywm@ﬂémg@ho welt knqsyn inythp @&tm@ndm uipot g
herein, 11‘?11%@8 ?J tﬁ%ﬁtblﬁéc}cc’ geiﬁ‘l\n éhnﬁ%%%oﬁhﬂ t‘gﬁé&% %ﬁﬁ're fa' |'s

to nou n ne res O ereln a host

that i sthé ummit@dl ﬁ:{a@éﬁa‘l to ]%iﬁﬁﬁrzﬂ@t Piofif@tiordéandRThéRMrel by E’r&lﬁicﬂ@ kRekied gl al .
I n one entyodiment, h' host th Is "inmmunotol erant” doeS not respond to an

anti genarb b:dmﬁ;butn@t hnnieﬂwhmatomaﬁﬁeélnﬁtammlgd% otourtenee efittangplant As used
S oh R SR e ShSES S RRPR B
occurre n&’ifn %HrfﬁctBﬁa{ﬁcﬁ%ﬁ‘igoﬁt nOf limitbBRUBe ?cﬁ]he?i Iﬁﬁtcﬁaﬁ? &7 apzel ﬁ@Ee&

mat eri al "irn sponse fo the i mmne;, response o anot
enbodi ninatell hnnqbex)ton'dm hoseems whetlher veastdhd hodt eimeatntdletayt asndidn hahlagent he

vi abi | |t trans nted material is decreased by 90% or

conpar e'a %{Wﬁg%‘ll 8%!? SSvR agent.oAS agd b %@&H%rﬁ%‘lsahﬂswl‘??ﬁf’%r? g“t#l or
to trangpbatsa fe nsla“rerf RPRS&1- @il rEMH‘?%&@%GP?.?isQJf th@ ﬁ%nted’*
decease I n via ty can be determ ne S we kKnown

i ncl ud|mgtehatreacttmﬂhanmgeﬁdofmehostpan bl ue excl usi on staining. I n anot her
embodi ment, "rejecti on' neans failure of the transplanted material to

proliferat eAs psed hergingthoshverss gt reiessioneer Thestiearss etk respanse nrefospto aeqll-
~y ncl udi pgyopt rQacbttItoh i Wik éeﬂsp RO dlhﬁfl&\%shéy@ﬁﬁ}&ta@k for-g% Cﬁ&fi fgence of

ranspl an rejecti on and/ or e spee re ec ol | owi ng
tranSplﬁmspIademmbhalvary dependi ng on factors, incl ud| ng but not limted
to the transplanted material (i.e., the cell type, or the tell nunber) or

the host (i Ineanothgrembedingnt abthe invention AnimmupsarpOBsedias Recumed ibprodupsionedn

o ccti bipeetic by 087 HRRISS ) kieBAT Rl oo MIRLS AR5 B e gh S 20° "

reacti O@aﬂsplah/fvdciﬁa{énﬂebﬂ &n sHitibbaPthiat lﬁﬁ&@é}f&ﬂi&:ﬂlly f6Bthe Foredgn rsmncwoi Hpdutgens
of the host. As used herein, "host versus graft rejection" or "host _ versus

graft refshe fareiznsubwnse) iy dytastsdby impninglagical swsiods wellrknaindm theert, nchidinge
nost™s § P Rreta S BLA A ARkl iiStalnl S ARl b Rt BHatfin arkd FESALFbEMalfRES 21 -

. Stem cells express morphogenic or growth hormone receptors on the cell surface, and can

sense, for example, injury-related factors then localize to and take residence at sites of tissue
infury, or sense their local microenvironment and differentiate into the appropriate cell type.

- “Essentially unlimited propagation” can be determined, for example, by the ability of an

\...,.,/‘

isolia’ced stem cell to be propagated through at least 50, preferably 100, and even up to 200 or
more cell divisions;in a cell culture system. Stem cells can be “totipotent,” meaning that they
can;give rise to all the cells of an organism as for germ cells. “Totipotent™ also means the
fertilized egg that can give rise to both embryo and trophoblast. Stem cells can also be
“ph:ilripotent,” meaning tha’F they can give rise to many different cell types, but not all the cells of
an drganism. “Pluripotent” also means gives rise to embryo only and not to trophoblast. When a
stem cell differentiates it génerally gives rise to a more adult cell type, which may be a partially
diﬂ;‘erentiated cell such as 4 progenitor cell, a differentiated cell, or a terminally differentiated

ceII:, Stem cells can be highly motile.




I n anot her enbodi nent of the invention, an inmune response has occurred if
production of a specific antibody (for exanple an antibody that binds
specifically to an antigen on the transplanted material ; OIMERD 74308 i body

that binds specifically to the foreign substance or a prgduct of the

f or ei gn“Blebtat"aBfes tol 4 inféGh&didte Glddyernt proJeiahadingal sefinbe dsclosdd inlGenbank n the -
art, includi nﬁ% but not limted to ELISA i munostaini ng, '

i mmdvesps e pLaoQ6# Grigared)\West ern Bl ot anal ysis. Stemcells express:

nor phogeni » QLOW h r.ope receptor.s.on the cel |l sur , an sense,
for "o anBEr el St AR B iR i 8 e shniE tapSitie e G o nce o
Si t @smihicd d8SH&d iHJG-bFr]xlSaanAcc%Esrﬁ& KNE 0824 A it CIEP.RD‘IYE! GIORTE i tha gt will
diffefrentiate into the appropriate cell type. "Essentially unlimted

pr opeyghize hategnivalentiedxist mhoreth thieNAqReree eoyodie ABGIGA mgy yaryabui sol at ed .
stem cell to be propagated through at | east 50, preferably 100, arld even up
to Mwrein theencededaming agidssegpence gerpag e 8% ure system Stem cel I's can be

B

t hatin CRAbAIKVAcdekSRo IIMOPLIE3gDryo and trophobl ast.;Stemcells can al so be : 4
"pluripotent,” nmeaning that they can give rise to nmany different cell f

types, BGLEvdR”gefers tocthe glucagoaflikespeptiderdmeceptor eucodaddlit themuckgicasidteans

ives rise to emhryo o and not to. tr ) en. a , stem cel, .
i  ReishEs st T FBHorLGF g Becssrion N UOHIPL anfiringans MEioE™ i ch may
be a; i i ' (?&B%ﬁ{c' Nic@r, |5

di ff% g@%rﬁﬁ gitségh%‘gﬂé P{ﬁ&tal?gr m na I‘l\fﬁ%ﬁbp "e%?%.ﬁ??g%g. ldcnglolf?ﬂéltnelnt?%gll.tl s can
be hiiitbyognidei thet eq@ivileht\XRt 3efein TNEBNANSequef@ encoding GLIT R mumydvaay

filament protein having a sequence disclosed in Genbank Access Ng. X65964 | ) |
( Fi Jut whenein themncpded, apiap goid sequence refaRingthe $8816t t e nul ti drug resi st ance

transporte .navi ngvwa k. sequence di sclosed in :

S 03545 e iif SRRy elers B 5% BRTF PR R R plop nifIRE AR BRoE S O i
equiverbhart 3 cesk Slo. WIesBign. t he DNA' sequence encodi ng ABC&R may vary, but
wherein the encoded am no acid sequence remains the sane. "Qct3/4" refers

to a PO'jHasriEselsrrtiorn hHld senscpiptiomiactes haying aveaipnee disejosadda Gaobanlosed i n

Genb nkss,%cg@glpm SﬂM 013633. "GLP-1R' refers to the glucagon-1like
pept’ TP ? encoded by the nucleic acids sequence shown in Figure

21 ( CenBarlrifésRSstefRl biRl-sikRidd hoteinAdtiinitavd Bfar AighadHaRoarald Beta sledhlence al so
shown in Figure 17 (GenBank Accession . U01156). One of skill in the art

wi | | givencabgin may comabine qufvanléplepagrers resukingdn differentiniageinsg i ¢&ahlgodi ng
G P_ajfp%arga%agrl %cs;r%gine with beta 4 in the integrin referred to as TSP180, or with beta 1 in the
integrin VLA-6,

The integrin subunit “a6” refers to the human integrin o6 cDNA having a sequence

disclosed in Genbank Access No. NM_000210. : : )

The integrin subunit “f1” tefers to the human B1 cDNA having a sequence disclosed ﬂ:n
Genbank Access No.: X07979. - :

“c-Kit” refers to a cell surface receptor tyrosine kinase having a sequence disclosed in |
Genbank Access No. X06182, E

“MDR-1" refers to the multidrug resistance transporter 1 having a sequence disclosed Im
Genbank Access No. NM_000927. |

“SST-R2” SST-R3” and “SST-R4” refer to somatostatin receptors having a sequence :
disclosed in Genbank Access Nos, XM 085745 (SSTR-2); NM_001051 (SSTR-3); XM_OOQS%

(SSTR-4).
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but wherein the encoded amino acid sequence remmins the sane. "Latrophilin

(type 2)" refers to a G protein-coupled receptor having a se :
di scl osed in__Genhank Access No. AJ131581. "Hes-I1" refers tog?@ﬂ%zmﬁ

transcri pti omYidt seferdpiadymensulforsiurea ticeptoobaiing m sceaieisclosedincGatbahlo.

- NM 005524... | I ntegral cell-surface proteins conposed; of an
al pha chlg??ﬁggﬁgggl\/gyigl}@hai n A given chain may conbine with nmultiple

partners restit 620 réfrdiofal timd ' : .

conbi ne wi :t h beta 4 i né*?ﬁgﬁﬂhﬁa?e]%]dy:i&g%%ﬂfﬂe%? P{é%&{l%rﬁég%%@%@ %%%ﬁw%cﬁ%ﬁsg{ogeq
in the iA{egbank Aeose NoTAFORHI3@gri n subunit "a6" refers to the human -

I ntegrin al6‘ LJavi ng a se ue%ce di scl osed in Genbank Access No. NM
000210. The i P f%%tﬂﬁfﬁné epibrane ghicaproteip hiviag pgegmengeslisclard imGoibagka
sequenceadtesONOSENr bb17faenbank Access No.: X07979. "c-Kit" refers to a cell
surface receptor tyrosine kinase having a sequence disclosed in GCenbank

Access No. XUHMS? refehiB-ths lenkdstescohindientipeh hhdnk g ' 4 H&i@&r 1
clgrE] @nbanlﬁccessgﬁg%é%%gggsfh@géﬁ '

havi ng a, se nce. di scl osed
SST- R3" WB&&%{WB& efef to somatostatin receptors having a sequence

di scl osed i & a ST XNMD857 SSTR-.2); NM.001051 (SSTR-3);

XM 000594 . ( @?4?&3@88 gﬁﬁ’e%‘%‘&'\%m é%ﬁgml"m %%%P’scl\éb@n%{g ga

sul f onylseqieace diselpsal inf@enbagk AcsINBNINR BpgglRsed in Genbank Access No. XM
042740. "Kir, 6.2" refers to a human inward rectifier potassium channel

having a sedyePrigreaiiecsionssll means oaamack tha des bedidsol B0 BbidSncreaiiBtdsus of er s

to atr tei n havi.ng a sequence disclosed in Genbank,

Access %gjﬂwgg%%yﬁ%ge gli;aéqcéqrgsug%of? HEStﬂ'e‘BR%E‘y’? YR BISUE SERQRRTRsiNg
@ sequergiekeratif!195Rgative s%ﬂﬁ@ﬂﬁng—&@ﬁ%ﬁr&iﬁ?iﬁoﬁqggﬁﬁne"agg;cﬁegsbélri@];tcggﬁtéege tiate

. Jafive-transmenbrane hemat opoietic stem cell antigen having
di scl os &0 peeuderiplaiskin Autberss No. NM 006017.

A “pancreatic” stem cell also refers to a stem cell that is positive for at least one of

ABCGZ, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits o6 and
Bl,iC—kit, MDR-1, SUR-1, Kir 6.2 and/or does not express one or all of CD34, CD45,CD133,
MHC class I and MHC class IL

'

. In one embodiment, a “pancreatic” stem cell also refers to a stem cell that is positive for
SST-R2, SST-R3 and/or SST-R4,

| A “liver” stem cell mieans a stem cell that has been isolated from liver tissue and/or a cell

that has all of the characteristics of: nestin -positive staining, nestin gene expression, and long-
temll proliferation in culture.

' A “progenitor cell” is a cell that is derived from a stem cell by differentiation and is
cap%tble of further differentiation to more mature cell types.

. As used herein, the term “insulin-producing beta cell” refers to any cell which can produce
andi secrete insulin in a similar amount to that produced and secreted by a beta cell of the islets of
Lanigerhans in the human ﬁancreas. Preferably, the secretion of insulin by an insulin-producing
betzfl cell is also regulated in a similar fashion to the regulation of insulin secretion by 2 human
betajt cell in situ; for example, insulin secretion should be stimulated by an increase in the glucose
con:centration in the solution surrounding the insulin-producing beta cell.

. “Pseudo-islet like” aggregates are artificial aggregates of insulin-secreting cells which

resemble in form and function the islets of Langerhans of the pancreas. Pseudo-islet like
' 11




A "pancreatic" stemcell nmeans a stemcell that has been isolated from

pancreatic tissue and/or a cell that has all of, the characteristics of.
nestin -positive staining, nestin gene expression, " cytbkkbaMAR-286negative -
staining, long-termproliferation in culture, and the ability to

di f faggrepdtbsire crdafdQxnFRURel SHIRhuiuid toRllitioHs eThdy arDapbRitiatdly Seusopael | al so.
refers to a stemcell that is positive for at l'east  one of ABb&X2, Cct3/4,

GLPin diemstgsenmpared foogsravierage diapster 2f 1004w for inesaislats) amt sphetoid formi t s a6
and f 3L, C-Ki -1, SUR-11 Kir 6.2 and/.or doe of express ong or all
o Cooa  1IAE" paboclt gt o heBioossS gh F ARG f 560 oAl Hor BHE B S0 rent - 4
"ng hl : . L or
Bansgenitingaiy a5 bl St % b8 SRS nkohbpat byl o
has bogemeralipfres fdmf contandinatiom Hyi otlssrech tybes andiwile fdnerdilydiavéithe capdbilaty of he

characteristics.Qf. nestin -positive staining, nestin gene expression, and
| ondFORAEAT NG, dikferentiatinn tp aredyrs mague ﬂ@ﬂsmfé@eemsv@frm@ewﬁ@h itgvas li‘&?tﬁd~t hat is
deri ' tialio ' e furt her

i 15k 3ol SSEHY it b cOlleclbh bERERI Gl ' 0B Sor SRR 1L i

" i namdérstopd deht itiis prabeicaAlydaipbssiblefoesisaib@ callyctival Jf s edlisedicipisddoe and
secrete _insulin in a sjinmlar_anount to that produced and secreted_ by a beta
cel Pt khegefors; @ isolpfed sigrn eelhepnsexisi in the presease ofarfanablafiactipn of ethengoll ¢ he

secrel.l QR: | ' an.i | i.n- pr-aduci n eta cell is .al [egul at ed
°CC e QRicH ad Sl B R R G Lot O BufiBl y bpgBl Se0ue 2

bet attes]|differentdtedicell e XasTe@ steht Sl will 86dr&lly Bar3BRUBGh De0%8 5098 at ed by
an increase in the géucose conbentration’in the sol ution surroundl;ng t he

i ns ®0Yan70Ywe 061 B5one0%, 8¥%0) 98%,ms 8Gtepurs) Breftrably; isolgtpdstrm edlsaceordingi ficial
aggr, . f 1nsulin:secreting,cel which resenble in formand:function
thet‘?g’?é'?‘zengﬁf’nt‘%ﬁéslaﬁé?ﬁ%%@(&?f leﬁﬁtrégr%/éagr.?- Pseudo-islet like 11 2 4 MAR 2006
aggr egaestecell G4 %&Sﬁﬁhﬁ* vheN @ i¥PRPhgASd In Gltubd i FRRGHsE b9REH dilikedn & €

appr oxi matelﬁ 50-150 pm_in diameter (conpared to an average di aneter of
100 ofher giem ¢¢lls padfor progenijor aelts. Fixpensioniof siemaels niay votwsporgdneangy esn cel |

f the; f ' . St .cel | .a tiss ; d
oSt el RSlrBIaB fentlurd &t o SHERK SrommhcandiBots Sidhas BtEBygEm,  a,
| solealt @shsayeaelicRnfiudidelon thecfRevabd¥us 5(1%,60{ ﬂh@?ﬁ&i‘ﬁﬂﬁ %Fi:l![@ﬁib&l'fa&%rs ghber cell

¥
types and will generally have the capability o propagati on an

di f regwwith fadiap, differsnidfimdastarsuonsignlling fasforshe tissue from which it was
Lﬁﬂ 3'; ggﬁtengltV(\%ﬁ“eéfg g%:’rmg%? Ic?lﬁ%'g Idxlyere\:llm:ttltapedaceﬁ ?sl; J‘t?a%s{alggteg’f’ of ‘tigt% u%leé’sihtoe.é g, @
mammal when it is transferred from a culture vessel into a patient. Tr%ansplantation, as used i

herein, can include the steps of isolating a stem cell according to the invention and transferrin‘g
the stem cell %nto a mammal or a patient. Transplantation can involvei{transfening a stem celli
into a marmmal or a patient by inj eqtion of a cell suspension into the mammal or patient, surgical
implantation of a cell mass into a tissue or organ of the mammal or paﬁent, or perfusion of a 7:
tissue or organ with a cell suspension. The route of transferring the sté:m cell or traﬁsplantatic;n,
will be determined by the need for the cell to reside in a partié:ular tiSsﬁe or organ and by the {
ability of the cell to find and be retained by the desired target tissue oraorgan.‘ In the case wheye a
transplanted cell is to reside in a particular location, it can be surgically placed into a tissue 011:
organ or simply injected into the bloodstream if the cell has the capability to migrate to the
desired target organ. |
Transplantation, as used herein, can include the steps of isolating a stem cell according to

the invention, and culturing and transferring the stem cell info a mamrhal or a patient.

Transplantation, as used herein, can include the steps of isolatiﬁg a stem cell according to the,
12 ‘




understood that it is practically inpossible to obtain a col l ection of stem
~cells which is 100% pure. Therefore, an isolated stemcell chj ﬁmszggﬁn -
the presence of ,a snmall fraction of other cell types which do nhot

i nt er f ePeRfign, dififerentiating the stom c@li, apfdragsferringdhe stemrcel datp ponampal o5 pdatient on

The ar 1 ChBRdERE DRt B8l holylB Wl YT ol B B elitle 430 LT

Pr ef er alvgntios caﬁﬁréreﬁha&{ng%& @kﬁaﬁdﬁ@&l@é sleGelllafd h’ﬁﬁsfbﬂi‘mg el Bdin Gkl Intdg at
| east 98%or at |east 99% pure. A'stemcell is "expanded" when it is

: propagaﬂ@mmai of @lpatiers. and! g| ves rise by cell d| vision to other stemcells
and/or ro r cells anS| on of stemcells ma ur anequsl
Gt P O Reabn itk 83 InmORRGI BBy ARt an e e s Do GORETRES Bui h
CO“d' ti gEh%fnace Qﬁer@ofﬂng gHLIEPwkﬁéﬂ Bretiahis 'dE?éy? ﬂﬁ'o‘cm&?éﬁ%é ﬂ%}c&cfé&se*s cul ture

vessel or th on of*" chenm’ actors suc as growt

f'act or s intelisith of &t deairedimband @EonsQle. s, irgjeatiomof 4 farisplasicd Aeltissne; of drgan.
progenltor cell, or differentiated cgll is "transplanted" or "introduced"
into ;a maAfdschREsD, tnmgmzqsmwwpeaefﬁﬁdﬁpépvemqwféh%m@e fefRogse (for

' I
PaL ) e oAU ot B AR LB S TR RS B g,

cel | i ntamrauneiEspinse’, a8 dpdddeivtein, I§ Astsietearibhd. A@ms@canerem\quras&nﬁbﬁnﬁf@r ring a
stemcell ' into a mammal or a patient by injection of a cell suspenS| on

i nt o t hENRHAPEISPYRSCFAEADS A imEYniespanse ispsit ueaﬁabl@n Agfimgmpne|respeass(fomt o a

or gan- weiaie BrRblehCiRRPR: aohhed it Bll e s R EP Ry el me P WP

‘;--'*granspl ﬁﬁlﬁﬁﬁh@@ﬁgm—ﬁﬂn@d@ﬂﬁedj@[gﬁm ned by the need for the cell to reS| de in
~.7a particular tissue or organ and by the ability of the cell to find and be

retained by mumlap@asmmra}e@rdmgste the ipventiongdse. means aldelay dis thewigeureenge of

L B B e P P uEiob B oA ol Bl e e Pt bdsa R heenam
bl oodst hﬁﬁﬁ‘hbé‘ ﬁgbfé@n/é% lobnthgysa ﬁ'ﬁiﬂplﬁﬂﬂ%ﬁbiehi that BasBeh ﬁ‘h@splaﬂteﬁhﬁlth ﬁlﬁéhﬁ%at is

tar get Ol’g ranspl ant at [ on, as used herei n, can I ncl ude the st eps of
i sol at i ngfi anmmniqmwlymmcﬂmglmmunapnmmgn&naﬁ definedheteinulA delanin thed

tr ansf t he, st Il int t | ant
Pl S I S A e S A L A
the 12.21dMAR 2808y i ¥ 6BcRfce of B ARieiraldoRSk SRAIHIRPIAL lelaTor

transferri ng t he stem-cel into a mammal pat i ent. Tr ansp ant ati on, as
used hecmrmle,cwwdayﬁdlmwerst(he, 3 dapys, fiﬂfdays,cﬂﬁaiayagw@ daysrh %,eﬂ ¢r Hoyearsili ng to

the inventi differenti,ati d_expan the ste
transferrin ED%SPBH‘TEE%P'I[‘ qcmrgmgnco ﬂ%ﬁqﬁ%& q OJaTaIS At ecrpase if e 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

intdjn.sity of the immune response of any one of a transplant recipient that has not received an
irnﬁlunosuppresive agent, or a transplant recii)ient that has been transplanted with material that is
notj:“immunolo gically blinded” or “immunoprivileged”, as defined herein. The intensity of an
imq‘mne response can be measured by determining the time point at which transplanted material
is ré‘:j ected. For example, an immune response comprising rejection of transplanted material at
day 1, post-transplantation, is of a greater intensity than an immune response comprising the

rej dotion of transplanted niaterial 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
bmdmg to the transplanted material, wherein the level of antibody production correlates directly

w1t];x the mtens1ty of the immune response. Alternatively, the intensity of an immune response
[ 13




Treatment with an i nmunosuppressive agent can be acconplished by
adm nistering to a patient in need thereof any; agent which prevents, )
del'ays the occurrence of or decreases the intensity of tRey ¢4H 12886 i mune -
response, e.g., rejection of a transplanted cell, tissue, or organ. As used
her eian be measurad by dpteasiaingrthe time goint hbwhichagatticnter afitibddy dapshieef bisdingnse
(for,_ exanple by the admnistration of an "inmunosuppresive agent", as
def itﬂélbewgfaﬂseﬁéﬁ@ﬁlﬁ _etC&FFd' "immune response", as defined herein, i's not
det ect Aty ioudSurbiREtls A Elflts cal pEURIAIAMY ik Albupb BB SRdr SRABPRCIRANS an
i nmune response 1S not [ectable. "An 1 nmune reSponse (for ekxanplie,
t r anmplifarstion@hé attivity of ﬂyxﬁ{lﬁdcmd varpseoihlitlited gbnérﬁil}dﬁitb egsns achas,dong to

t

met hods wel |- larown _in the art and defined herein. "Inmmunosuppression”
accowamaly: FE-3106: or exclospetamonather imsmunosupniessive agents-hAnoiber possibisstigiegyt he

knunyne nse .as, conpared to a of t ransplant recipient t has
not 1 BresrfARRE usnBeh 35 p S GLARRR mBnodlol 2Bk or SRR bEfbgnT o
has yaaemiasiadealr ok 86ligeh bh aRngSlh@bd EORind BereRRE reddeFUROLAD Gt dalty bl | nded” -
or "inmmunoprivileged",” as defined herein. A delay in the occurrence of an
i nmineisiblstpdhs snmane fystem ofttbe bosdel ay, for exanple | hr-10 days, i.e., 1 hr,
2, 5 or, 10 days. A delay ir]c,,the occurfence of ar] i ne response can al so
be a | orft CHAMENROspRResSIEAgRTLy 1s Ay AgayihalPreRiss felpvsdhe oRrERlRol B days, 90
day Seduk8iHdaNSensi iRnRi "Igg% I Qb ding to the
I nvention al s%nsr%éya%%na{ dec?é%gggl?élé%%séaifnt ?ygﬂgﬁiagﬁpmﬁr%ponse.

Ac c draispignted célhePrefareedtarcoimmardusupprtssive dgynis fwkich suppresecelbsipdiated can be
decr.eased such that, it 15_ 5- _100%)HE1r ef erably, 25-100%and nost p qferabl y
75- IHOYRe ESPopseaRgrng cellnidentéiiad bypthe iHEUNGRYRN pAYIE XA Sne of a

tra I RJ-EnL. Lyed i ' aent,ora)
tr anSen @t BER Attt 12nd 3 d8hol RSk cMlowpofRRABL ARG, ST 10,

" I mpuediisoge cddxbinetilabodeaethotrexate)muathivpiive, iegoghenokie, dedlidoatdd) eFKi506, The
intensity of an i mmune response can_be neasured by determning the tine

poi riYSERICFrreiisy %Sawglbﬂ%m‘?r@&? age pf antibolies repepberagonists, reespipnARaZoRRtS, rmune

' PR et S 3 e2hBhs iEOG Id Y RudigBebhpnt ed material at - day L,
post-transplantation, Is of a greater 1ntensity than an i nmune response

conpr i siAtimitogen’riejarEigeatithaf stinndfnephitobie dndaéieprotiferaiontdfa ¢3{l,to which the
post-transplantation. The intensity of an immune response can al so be
meadgeEds spPligdant i t ati ng the anmount of a particul ar antibody capahl e of

bi ndi ] | LLal ' I . i b
or oduct ron e pAPT RGP, Sanf Rbsihih colie®h el Ry olEE ol lhne " esponse

Al t eliffatniye ynto bhethemdelifiel \Diokreatiatidid SudlBSARemnEFlishad By 4itddhiy #006 can be
nmeasured by determning the tine point at which a gart i cul ar anti hody
cap&BpEsyen i peg efgmore genes of the stem cell or progenitor cell and results in the cell altering

its structure and function. - : i

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

!

same or a different cells. For example, a signaling factor can inhibit ar 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 infdrmation in a tissue, ‘
mediate pattern formation, or affect the size, shape and function of various anatomical sh'ucn]ares.
As used herein, a mammal refers to any mammal including but not limited to human, '
mouse, rat, sheep, monkey, goat, rabbit, hamster, horse, cow or pig.

A “non-human mammal”, as used herein, refers to any mammal that is not a human., =
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i
to the transplanted material is detected. Various strat egies and agents can
. be utilized for inmmunosuppression. For exanple, the prolifesagpRnziasd

activity of te§ can be inhibited generally with agents such as, for
exanpl e, Aﬁé‘gg‘hg?r iy callggensic’ ﬁetg'rs toreBeticaliydiffosa membersaf thyeamesspediast her

.’possible stp@ & uch RN anti - GAD65
monocl onal: an%u?%d’%eréﬁ 19(%9%&3?%%% %ngﬂé’#kﬁgg%mﬁé Elglﬁ?‘f ace antigen on
a transpl anneahse@héremn‘dcehb@neﬁcorﬁefswdﬁmefmaczﬁfféreﬂrs@e&m@al ly invisible to
the i mmne %stem of, the hgst. An "i mmunosuppressive agent" is any agent

that preven BeherGis, TRinEe efeento@renagsting enmusing hecll mOéln@mnyo sellgn

g SEHE R ORL ?Jb%&ﬁ% insnadpnostirowhdy and tninobndidamwviict

cel | - rr&dlp@bﬁ@elllvmm aIN%i0h. EuRlASE chfhbindd SRIhbedr e & «lﬁfé jprmune
system as non-sel f. arrp es of I mmunosuppressive agents i1nc but are

not | i n§%Paading a@ﬂ} @I@ﬁg@hmma cally coldgshios pfiaetscitissue, pr edmnaocwding do ﬁmhﬁf@ﬁﬂ)ﬂﬁ
met hot rexat t hi Op& i ne cophenol ate, thalidom de FK-506, systemc
Steroi ds. 85 Hefq hetg arpﬁ?“aio@&r%&ﬁg g Astath igynunedplefnge” refers to the

agoni st ek @ftaf

250 <l etnggestal PRRpBh O PAL RARSort LA BHGH forf (M BrBEich
c el | pribp ﬂp@latl‘ﬂnﬂplfmtatmn@é hlh otgan, vﬁnsnehoxt duﬂs fisgetht dosorathelimeshne Aystem of the

"differentiation fact s . a ent that causes a stemcell or progenitor
cell td® ’%#E"r"&ﬁ?‘?ﬁ%‘g‘efi %“éﬂéaﬁg é@ﬁml%sywnﬂbﬂfﬁ%mm@tp |aoﬁfﬁffsVﬁEﬁ31§al ly
acconpl I m?] the stem
cel | orhogg‘ggse%f}sgrm?gf ‘f{gﬂél &nesu {I:h%@% eCégiegfafé)ﬁ?SﬁBP 831ﬁ mcgpﬁ ‘ucture and

< uncti o n | PAY miggieréing ‘télanhe™ refars tusmbtél ef tk limrrﬁma@ys@ﬁﬂﬂi wﬁi%ﬁrc@ftﬁﬁ o
~..cell M has an effect on the sanme or a different cells. For. exanple, a

Si gnal | | ZPRS 4TS FecOgRize W%ﬁepelé%oﬁthﬁae@uaws@nmwf proliferation, or
differentia al cel | Kol cells at di.stant cations
in the or ga%% g%dq%réntlsﬁ i IP ?ors éggna%?ﬁg&gﬁ?ﬁnées aprogg@nﬁsuﬁggf:ffl Sonal

I nf or metalk mmﬁdnbﬁsue irredl ate pattern formation, or affect the size,
shape and,function of varioys anatom cal structures. As used herein, a
manmal  r ef eA%Used hergin,meidener” inematieg fiom Whish organs ttissuesorialivare talqmdl‘@e
rat, shgel glaﬁ@iﬂerec htt rabbit, hanmster, horse, cow or pig. A "non-hunman
marrmal % use , refers to any marrmal that is not a human. 14 2 4
MAR 2006 As used here| n, "all ogeneic"' refers to genetically different
menbers of the same speci es.

. The invention also provides for a pharmaceutical composition comprising the isolated stem

cellg of the invention admixed with a physiologically compatible carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

F igures 1A and 1B sh:ow dual fluorescence immunocytochemical staining of rat pancreatic
1slet$ at embryonic day 16 (Flg 1A) and at day 60 after birth (Fig. 1B). Immunostaining with an
ant1b0dy for nestin is shown in white (red in the original, with Cy3 as fluorophore) and with an
anubody for insulin is shovm in grey (green in the original, with Cy2 as fluorophore).

Flgure 2 shows the re$u1t of RT-PCR performed using mRNA obtained from 50 rat islets.
Forward and reverse pnmers are indicated. The single band of 834 bp was sequenced and

1dent1ﬁed substantially as the sequence for nestin.

: Figure 3 shows nestm_hposmve 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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As used herein, "isogeneic" refers to of an identical genetic constitution.
As used herein, "xenogeneic" refers to nenbers of a different species. As
used herein, "culturing” refers to propagating or nurturi BOMAR CElE .
collection of cells, tissue, or organ, by incubating for a period of tine
in an erRigweisrshotvs drdesuigef RIGPOR tanalysis 0histdd-1iks yneties gelcratyd maultufey or
pro ation. Culturing can include one or nore of the steps of expanding
and ssiog o4 NGyVandaayokeragint I8 CXJR) wps detestad. ti ssue, or organ according

to the i i herein,." =4 nduci ng ,or. .i.nduci ng ate of
rune. tOPES S e0ws % B of s B, PP T ia BFOR0 ATRY Bt
r ecignbmiiedwis blzofifeeln cel | s derived froma transplant donor such that; upon

transpl antation of an organ, tissue or cells fromthe donor, the i mune
syst em diigund is theimine acid mod oyeleotils sequendesafimestissue as sel f and |

consequently . dpes not initiate a "graft yversus i host ?, response. .In a
or 6 or'r a4k S SP i pretian of B reured Eomcelivodtiiin macke evin iRt Eel fll  Ac

. iy u .n il i whi ch
usegoelafibAwithtiPhfIcRAEE 1slét§$§&§erb9nﬂ%g&@§ﬁzc%%bﬁeﬂh%5ﬁ?% min whic

certain foreign  antigens are recogni -ce | mmune system
as sel f Figere Qglelichsecharasterizationeafingstmnin 'stere telissistlated frommibi pahdreds byecei ves an
organ, tissue or. cell ‘ e's froma donor. As used herein, a "donor" is a
mﬁgp@?wg&%%?ﬁﬁ%@&) ssues or cells are taken for transplant into a
reci pi efiourd 18 deBeatk RS ] ar.: ar | %Pﬁmﬂ | tion
conpri si r%urt he igl oﬁat g%@%%%%@%ﬁ\{ﬁog%@ I%@%@%?t#@?%?n&?gﬁ Wt af{a

phy sslet-lilgs dadtéry denwgbfromh nestitapasitére. isIBRbEerRoBCRISTNIZYY. OF THE DRAW|NGS

Fi gures IJ.A and | B show dual fl uorescence i mmunocytochemni cal staining of rat
pancr eatfiigureild demensiratesipcaligation efnpstispesitive callapo kosalized regignesef the degts bi r ¢ h 3
(Fi @ By mipostaining with an anti $ody for nestin is shown in white o
(reg)fi n t%ﬁg%‘i nal, with Cy3 as fluorophore) and§vm' th an antiliody for "
i nsul i n Higurs 1D\d6picts aliefiiti¢Omeacls fdt thderigihiod pAdireatiddubt ()12 tids afel UOM Ophor e) .

Figure 2 shows the result of RT-PCR per%aor med usi ng nMRNA obt ai ned .from 50
r at Prageayers of pdeteadectinescldver se primers are indicated. The singlé band of

834 b ad. . i dentd fied t.antjal |. th  f
nost i . 1t FIMTRARE s LR bloEerd SLHRE of Restt mRSuv et eer diy ' oue
froma igire Il@de%ii@fs théé?tgenztiaﬁ%fagée shenicliftfordRyeH:QRmB de®lopribilof] | ke

structures in culture. 4 006 |
the murine endocrine pancreas. {

Figure 15 depicts expression of neuroendocrine, exocrine pancreatic anci hepatic markers in
human NIP cultures containing stem cells. :

Figure 16 depicts expression of proglucagon and insulin mRNA as determined by RT—F:‘CR
and insulin secretion. !

Figure 17 depicts NIP markers. ? ! N

Figure 18 depicts the nucleic acid(a) and amino acid(b) sequence of human ABCG2.

PCR and Southern blot hybridization.

. ) e . . .
Figure 19b demonstrate that nestin-positive islet derived progenitor cells (NIPs). include
. [ i

a significant number of SP cells as demonstrated by Hoechst 33342 staining. |
Figure 19¢ demonstrates that dye efflux from SP cells is inhibi?ted in the presence of

verapamil. SP-gated cells are 2.1% of the total number of analyzed ce:;lls in B versus 0.1% in EC
Figure 20 demonstrates that SP cells isolated by FACS co-exp?ress high levels of ABG:GZ,

MDR1 and nestin. Figure 20A depicts that SP cells and non-SP contr;ol cells were isolated by

FACS after Hoechst 33342 staining (R1 and R2, respectively). Figuré 20B demonstrates thati the
16 f




Figure 5 shows the results of RT-PCR analysis of islet-like structures
generated in culture. Expression of NCAM and cytokeratin- 19 ¥ @Kk %%ﬁ
"detected. .Figure 6 shows the stinulation of nestin nRNA expression by high
gl ucose celliPrarewnalyeochfor tietexpsession ONABIG2, MIDBU/ sesfin, e d PRI RIVA&RRIT-and
.nucl eot ipﬁgs,g%ui%nces &zf nfgzsti n., Fiqure 8 depicts expression of the neural
st em cel*sp PRItLOL khe PGR Bradpcts forABCGZ and MBIRIL was sepfimmad torSonthenn hlot
pancreathmri&i%tgng as determ ned by imunocytochernistry or RT-PCR Figure 9
depicts Characterization of nestin in stemcells isolated fromthe pancreas

by i munacy FRigire @il shows dnomikid R (FiA) kg ahdng @8R SB)LERR&RE 0P fhedfuman
honeodo@imiprotein 1 DX-1 and proglucagon in huma islet-like clusters

derived fromg ing- Ltd Ve ISl htor cel | | Ps).. Figure 11,
denonst r atll ersnl:{f @% é P?zsgﬁﬁgmeo%p%%élﬁ Ilbl ] P ﬁ%ﬁ ﬂ‘ Ve P&B?II%&E ’fﬁi\ﬁlt'E}E%\Y‘?{@gm{Péag%@f of
the ductslls. OPareh@ ghakwsiBS ﬁﬁmaﬁocyﬁcﬁém&aﬂ@etét@ﬁwm@-mf(@?la) 4 !ﬁﬁfl@i* staih@d
the origin of pancreatic'iduct Cells that are progenitors of islet
endocr i WethclRAPSE. Priig) (B shovavR BRCRR0HRNACpepanethirond INIBS ediheprimert apevifigioef
nestin | ﬁ#ve liver stemcell. Figure 14 depicts the sequenti al
appear arnce or- transcription factors during devel opnment of the nurine
endocrine p <hd _ -géﬁpd'n&' | f neur o ackine,.
exocri ne panc eg??ghgﬁ%q%)p% | C mar E‘grag&?cﬁﬁ@ﬁn%nﬁﬁu&%&ﬁggaes Bi ni ng
st em cehestin-frisgiiveeNIPS, depi ct s expressi on of proglucagon and insulin nRNA as
determned by RT-11CR and insulin secretion. Figure 17 depicts NP
markers. Fi Eyilﬂvée 24 shews Epmunehistoghemicad swbiing af NEPrdeanonstrating GLBY! sxduemince
~of humap:ABCG2 .. Figur.e, 19a depicts.expression af. the ATP-bindjnhg cassette
£t ans poliFSPuatien PAYAICA SR e okt i Rmtediitn dt Aescuand weui o 190

. _Henonst Paied B fkvsRelin Bnd fRhilid iﬁ]ﬁnﬁﬁdlﬁét?&féﬁﬁé’a?g i gﬁﬂéﬂé&gs g@%@%@%ﬁf@w 42

i nclude a significant nunber of SP cells as denonstrate

st ai ni ng'iﬁillﬁlgﬂ-rle 19c denonstrates that dye efflux fromSP cells is 7

i nhi bited,;i P.the resence’' of ~ verapam|. SP-gated cells are 2.1% of the
total nunbef&He %ﬁahw%ﬁwéaml%c’ﬁ IRSUbin, sgeEetien GromNIR cpigires Fhajigngedrgith GLP-
denonst jates that SP cell§ isolated by FACS co-exptess high |evels of
ABCR2, ; ‘

| Figure 26 shows the immunohistochermical analysis of insulin expression in NIP cultures
transfected with human Idx-1.

: DETATLED DESCRIPTION OF THE INVENTION

i The present inventors have identified and isolated a special subclass of ductal cells from
the islets of Langerhans of mammalian pancreas that have the functional and molecular
cha:r%acteristics of stem cellz%,. In particular, these newly discovered pancreatic stem cells are
chaﬁacterized inter alia by bne or more (and preferably all of): nestin-positive staining, nestin
gen% expression, GLP—IR—?osiﬁve staining, GLP-1R gene expression, ABCG2 positive staining,
AB¢‘(}2 gene expression,QcB/4 positive staining, Oct3/4 gene expression, latrophilin (type 2)
posi%tive staining, latrophili%l (type 2) gene expression, Hes-1 positive staining, Hes-1 gene
exptession, Integrin subunits a6 and B1 positive staining, Integrin subunits o6 and p1 gene
cxplli‘ession, C-kit positive s;taining, C-kit gene expression, MDR-1 positive staining, MDR-1
gen% expression, SST-R, 2, 3, 4 positive staining, SST-R, 2, 3, 4 gene expression, SUR-1
posil:tive staining, SUR-1 ge%ne expression, Kir 6.2 positive staining, Kir 6.2 gene expression

CD§|$4 negative staining, CD45 negative staining, CD133 negative staining, MHC class I negative
' 17




MDR1 and nestin. Figure 20A depicts that SP cells and non-SP control cells
were i sol ated by - FACS after-Hoechst 33342 staining-(Rl--and R2,

respectively). Figure 20B denonstrates that, the 16 2 4 Wg@gp@ggﬁpél | were -

anal yzed for the expression of ABCX, MR/, nestin, and GAPDH RNA by RT-
PC2.staliifg, MEIT ¢1k46 TPhegdalite Ei@iiﬂgr,cgmmmtm nédRHstainthgMaBk-twas prolifdratiored by
i

Sout her n bl ot hyb'i;'ri di zation.” Figure 21 shows the nucleic acid (21A) and
ami e celbire, and 118; atulityeiiféerattiatdintmpivkdo-idetpin caltury. glheeprogent g orforsthave

expressi,on. of, .G P- | reatic i.slet-derived Stenf progenitor icellp.
pandPOIGSRA ool B SR OPE cRal BN NVSTHBEBon of GLP- 1R (Gy-3) add nuel e
st ai ned y, W | AT PiGvilids 1 HchGesNI PS Wi th
priners Ig\gielglp?llpéﬁﬂgrng Gt VglltﬁRﬁl Fi glﬁgse&%cgg%m (!ﬁ%&?%{%g%g) ar§1 de jand

t ol hindlading dutshatiimitdd to velbilaGagtacémdrt therapy fon%biﬁﬁmuﬁﬂ-ﬂbpmdhﬁtl?ﬁabet‘d$gur e 24 .

shows i nmunohi st ochem cal staining of NIPs denonstiatin P-1 induced
di 1 FBr oher Aarmspf dpabeiss avell griheideNEINBIRY QTaRERICHAPOLS HRosNA e BFEATDS nest i n

and ghsidhof VRBh: bisBhaR WIS SR abASHk Nl R DAk RehErbe !

st ai‘ni aiter cells were ¢ G ure ows it he
| evebaditibng, ReeH agthe assoeihiionof podymbdipRisaisl widi patichlal plesiotaicwd getdléRie. Figure
26 shows the i mmunohi stochem cal analysis of insulin expressigon in NP

cul tstatess Titeﬁm sellscafde imvemionsgn ﬁlsmexqud t@gﬁg@@@ﬁmr@m @@@m?rHEl
| NVENT| ON: T Ny ' ] if | i
Supdtaugty A REREs s BOPREIRa G Le8dn el BPRan” ihfn fachfe °

PanGeRASescHBAd Ma¥ia dah Be histiGh ipRithlce AAFmPRLAE IR artifibRl sty hd | cs df stem
cells. In particular, these newy discovered pancreatic stemcells are

chargplecanient drgans gr cultuien Theyeamalse brusasl foathe qzcwéfoq?ratblo;doa lof ingfihin and
nesti,n-positive.staining, nestin ene expressi.on,.. G P-LR-positiv

ot ai PGy, ABHIM AT of RBRESSOUEE FUB GV Hr Y o Hene
X PrsfsiphLRbs ik ipdkifivB OGLP-1REpcittleNA BEG X Fdsitve st BRI ATTsRIve, bAbSIGRRAI | | N
(type 2) positive staining, latrophilin (type 2% gene ‘expression, Hes-1

posi{tipe &) positive, Hps- Hewitiveghieprinsupusssitomd B hpasiiiven Csdbpositive, MDR+Ad Pl
posi I}Oisi\t/i%e,sésaf—ﬁi, B,g 3, J Sgs?tgvrei, gUf{fo)Jgsjittiée, %?r f?g %ogi%%e g[le(P gytokcratin—IQ negativ?re,

CD34 negative, CD45 negative, CD133 negative, MHC class I negative and MHC class II 1
negative staining, or liver stem cells, such as nestin-positive staining, can be used in various
diagnostic, pathological, or investigative procedures to identify, localfze, and quantitate stem,?

cells in tissues from a patient or experimental animal.
!

Identification of Stem Cells in Pancreatic Islets

:
. _ |
Previous investigators have focused on ductal epithelial cells of pancreatic islets or
1

exocrine tissue as a possible source of stem cells for the neogenesis of islet endocrine cells.

. i
Nestin is an intermediate filament protein that was cloned by screening a cDNA library from E15
f

rat embryos with a monoclonal antibody named R.401 (Hockfield & McKay, 1985; Lendahl gt
al., 1990). Nestin was primarily found in neuroepithelial stem cells ail'ld is expressed in the i
developing central nervous system. After maximum levels are reacheéd in the rat embryo at ]ilé,
nestin expression declines to almost undetectable levels in adult cereﬁral cortex, coinciding \i:vith
terminal differentiation of eatly ne.'s'tin-expressing progenitor cells (Léndahl et al., 1990). Nezlstin
was initially found exclusively in stem cells of the embryonic develofying brain and skeletal !

; |
muscle (Lendahl et al., 1990). Later studies identified nestin-positive neural stem cells in the¢

1
i
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expression, Ckit positive staining, Ckit gene expression, MDR-1 positive

staining, -MDR-1 gene expression, SST-R 2, 3, 4 positive st2a4 rMA]@Zg T- R,
*2, 3, 4 gene expression, SUR-1 positive staining, SUR 1 gene expre on,

Kir 6. 2subgpeddysenl kivei of the adift iha@malige e elra @8skiniad ebal4 10840 Nedtn-pbsitive ng,
*CD45 negatii ve staining, CD133 negative staining, MHC class | negative 17 2
4 VAR 280 cells havatesy shawictachepieripatentind aven/when isplated dromy adyliomice O rat drain.

negati v tainign l ong-termprqgliferation .in cultur and the ahility to
G 71 or ool Aosts Rt iR deica elhorhip ek T i p L L i

al so i dgiiirk:i 5V, sy Q@,ﬁ 3 fofds V NATY one
enbodi menﬁi,ré tlﬁgr(%ngvgnhtoieghg’ %?%el?égggﬂ%%é% I sblfrd(s)?‘p?eyg’r I?ggt8 g;aﬁg?‘éhﬁq:ositﬁfe
applic am&u#ais-;,tem iceltd resipoxg th spinaiabrd injury by pralifertibnbhad degepdraliemefimigrteryapy
for type,l [ and ot her forps, of diabet as well

] - dent di abete~
as the %K%éilfgsu FHenAth ke E%O@W'egéﬁr@%e 58 1orHatighidehangsanept abrﬁé%w on
i seasce or naARtpeRRelsof A ond ARG AR b R B R fom o

parti cuilart9physi ol ogi c or pathologic states. The stemcells of the

I nvention.can al so be used to carry out gene therapy of endocrine
pancreati ¢ or other tissues in isograft, allograft or xenograft
tranSplantakﬁ%QQWw§Hﬁ$$ﬁﬁﬁa%Q?ﬂ temcells described herein can be used to
produce reconbinant cell’s; "artificial tissues, and replacenent organs in

cul ture. Theencedlisakssrdig o #Rdnvedtioh ken BaidéhdfledbphellekpiRsadn dfstih BudBd
ot her hornones. Ml ecul ar characteristics of pancreatic stemcells

di scoveRbl-1Rs ABEGRVetolafrophilindiypes) et | dnjsgtn sulwwits G6Rnd R Gt MR-

- ABCR ppsid- ue,stai @l 4 [ A, ROSi.tive raphlin . (t 2, sitive,

% PR Koo R0 ok o ISR el SRR MR
MOR-1  ROPCER VSoutiRed Northém ahd WeddsiHlot\BalysioRimll diRstishéh@ehrtfinies f delR@&! L1 ve
and cytokeratin-19 negative, CD34 negative, CD45 negative, CD133 negative,

MHC cl aidertifieatignias keowntb ddGkdlledss thd art.negat i ve staining, or liver stem
i agnost | ¢, IPHOPULTERICEL Shtpigy b eRuaRIcy B Bt eordins fofbRtalleying
| ocal i tand I: 1 at | ' ' | :

expor | rs DA CHBRLRORE [P PlepeiBf oy et TUF RvCr, ATHRNARCEAD arired with
Pr evi ous%ipursfetingldeloyde ihalosphaeu SCellsee Ginst thidcked iwtiihed % alorel ddikef serum for

pancreatic¢ islets or exocrine tissue as a possible source of stemcells
for thedhawyahoens tesrperainieand igrybpicd evitier pEmarn@atisers todhe aratein of ifterest e

erbr yos PR E o TN oS R Bhad oSBT R Gad ricshiteh WY aptedbliatoes,
Lendahl fhidtescelly 1abbRA%keoras} AdtistastoP!l inGBF hi dhobPiffeidtre WlePikhR] al stem
cells and'is expressed in thHe

washed with PBS and coverslipped with fluorescent mounting medium (Kirkegaard and Perry

Labis, Gaithersburg, MD). Fluorescence images are obtained using a Zeiss Epifluorescence
micigoscope equipped with an Optronics TEC-470 CCD camera (Optronics Engineering,
Gol%eta, CA) interfaced with a PowerMac 7100 installed with IP Lab Spectrum analysis
software (Signal Analytics Corp, Vienna, VA).

! Antisera useful accbrding to the invention include the following: mouse monoclonal
antii)odies to human cytokeratin 19 (clone K4.62, Sigma, St. Louis, MO), rabbit polyclonal
antiISera to rat nestin and to IDX-1 (prepared by immunizations of rabbits with a purified GST-
nest'iin fusion protein or the last twelve amino acids of rat IDX-1, respectively) (McManus et
al., 51999, J. Neurosci., 19:9004-9015), rabbit polyclonal antisera to GLP-1R (Heller et al.,
199?7, Diabetes 46: 7851} antisera to ABCG2 (MAB4146, Chemicon (Temecula, CA)) antisera to
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devel opi ng central nervous system After maxinumlevels are reached in the
rat enbryo at 16, nestin expression declines to al nbst undetectable |evels
in adult cerebral cortex, coinciding with termnal diffgriedARa(/N of
early nestin-expressing progenitor cells (l1Andahl ‘et al., 1990). Nestin

was intgrin et (SG-6697 Santal Craz)y edtisetatodthiegrin fll) (06622 hSargarGrugpintisatewel opi ng

br ai § g el etal nuscle (Lendahl et al., 1990). Later studies i,dentified -
_lnestﬁﬁ-ﬁ o708 ﬁwapn)smwr@ép@mmzmpBhamm@?@%an RisgadeAlly ml
NesrirBira kO S s TRITEE, UM ES [RERnbde CAIF Bl BVE RS 5372 ren when

| sol MeaMarkesNaadsdrh (" MEC TI(MSR65Pa), NeoMafifers) 4aiiekfio MBR-1 (h1T0p(NEve stem

cells can generate_all three nmjor classes o? neural cells in " culiture:
neur@0sPONeaMarkeesy, antisata tsl @gtoifé HE8 €530 BartREyurn(SE5 Ca))entissera tooRIgH-

Nest 4 bt kV ey. al ste I nang t inal. cord,inj Ry

e SRR i P sl BV 52 (TR St R PP DRl SRA ABLISEY | v
ast Syl SSantDefu) Shifdi iolchib GU-149¥, WehiaWluk)] RABSIETSTR 2USC-1 18RI BaR
restore hematopoietic cells-of the bone marrow after infusion into

i rr donua), eatiserate SR 380 1610, Sunia Cri@DMytises@tar act eri zati on of Steiin Cells

Ste I cecardi o the,invention can be identified bythir:
expr —~6§S§fﬁﬁé§1§ﬁ\%ﬂa¢ﬂlﬁb BUingp Pig gutl-Hseies andpatspagicreatic PONREPEE (type 2),

Hes- hyicddat ?bl?]g nd, ( | ' 2, 3, 4,
SUR—a}mgér.\[g’ %‘:ﬂngc} : ?7 i&c? b'?lt' ghg‘gg?’el\,%rz&g%@". ﬁ%%@%@%ag%%%ﬁ%g st ai ni ng, RT
t PCRantiSeristbstatin biavideds parchastVibshSigmb (St LatR! ¥RD)SandIDAKT (iipiieeta,

techni ques of cellular identification as known to one skilled inthe art.

| mmindbyresnertively amousesAnti vgnans galanix GRvpinsyla sabomtotiasd Belmonic€4) sealiggen t he
fol 1;.om od sectl o Q epared fro creata or liver, as .
wel lﬁgﬂ%nfeg%’@ﬂag &aﬁnﬁ&g&w #aﬁlrprﬂgﬁlﬁg’ &F‘{?P UB%WH@W-%%?{&PW Gells are
{1 1 Rty Afnd okiPat MEIT QAR st CPne i il ononteRhiAeEt @by GRAMkiRERCr At ur e
and i ncubated with a primary antisera to the protéein of Interest -overnight
at AlrecEddo anch merkers & avaitahde) arfWillliet devBBSednSudhnathdradntideraiis bortsidered

appropriate fluorescently | abeled secondary antisera for 1 hour gt room
t eng8 ﬁtVUF}EI.‘ﬂ'ﬁ$CHE§°£ﬁ’@’P Ollyashed with PBS and coverslipped wi th

f1 uor esC gt prihd SeudEA uh Ank L GAARLAAIA L8 "4.gp|5%?éfo11%§iiﬁcgﬁ%ﬁ%ﬁ£.g1 MD) .

uorescence |1 nages are obtain using a Z€l ssS DI uor escen m:Croscope

equi ipaticstitlir RNAQuepand Goml R of AtmeRR168 iEfeelsOrbRNibed afD @inpREEd rgg, t
pectrum

Coleta, .CA) interfaced with a PowerMac 7100 installed with | P Lab .
anal lggi@or about 35 cycles depending on the desired degree of amplification, as described !

previously (Daniel, et al., 1998, Endocrinology, 139:3721-3729). Oligonucleotides used afs

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

1

are: ;
Rat nestin; Forward, 5’ gcggggeggtgegtgactac3’; ‘
Reverse, 5’aggcaagpgpgaagagaaggatpt3’; |

Hybridization, 5’aagctgaagccegaatitcetigggataccagagga3’. .

Rat keratin 19: - Forward, 5’acagccagtacttcaagacc3’;
Reverse, 5’cigigtcageacgeacgtta3’; ’ .

Hybridization, 5°tggattccacaccaggceattgaccatgeea3’, '

- Rat NCAM: | Forward, 5’cagegttggagagtccaaat3’; '

Reverse, 5’ttaaactccigtgggptige3’;
Hybridization, 5’aaaccagcageggatcicagtggtptegaacgatgat3’,
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softlware (Signal Analytics, Corp, Vienna, VA). Antisera useful according
to the invention include the foll ow ng: nouse nonocl onal t'? ; to
“human cytbkeratin 19 (clone K4.62, Sigma, St. Louis, , fgb% gd%]ggycl onal
anti segat{pXcat nesti Faierd, &' difRtgbafcpepaipes! by immuni zations of rabbits
.Wth a purified GST- nestin fusion protein or the |ast twelve amno acids
of rat |IDX-1, respectiResessg, §igctoptacgitettatctd] . | 1999, J. Neurosci.,

19: 9004- 9015), rabbit | vcl onal _antisera to GLP; 1R (Heller et al., 1997,
Di abet es 46: 7851) aptﬁﬁg@aﬁﬁﬂ@é@ggmﬁfwﬁg@mem con (Temecul a, CA))

anti sen 2.4 MA e A=TaloNl .6597, Santa Cruz), antisera to
integrin E%lﬂt%zlét 662?&%&%’g@'§%%a%§%% rd to HES 1 (AB5702, Chenicon),
antisera to CD 45 (312%¥a¥%seBPctiagsascagenictchad’; Di ego, CA)), antisera to CD

34 (Ms-363-PO, NeoMarkers (Freenpnt, CA)), antisera to MHC | (Ms-557-PQ
NeoMar ker 8), anti ser a Hybridigstion, §iazersgegutygapeapteizaegrangtint i sera to MDR-1

(-pl?O?:&;“)V\I/g- 60- PO, Mar ker, antisera tq,C0ct 3/4 (SC 5279, Santa Cruz
(SC, a‘hﬁ?rﬁg%ra P?%ﬂ&ff?%@cg%gfcﬁg?ﬁté Cruz) antisera to KIR 6.2

(SG 11227, Santa Cruz)g, ‘@Jrgreig @ﬁE&Fﬁgggc c$SC 18841, Santa Cruz) antisera
to c-kit (SC 1493, Sant% hz%fd ant seraé%o 8STR 2 (SG 11606, Santa Cruz),
antisera to SSTR 3 ( SGH{irGlifhtioSahaaccargapyagentdtcagtaagtipaggSTR 4 (SC- 11619,

Santa Cruz), guinea pio‘%q anti-insulin and anti-pancreatic polypeptide
ant i seddIMybeHCROR: f r FFAIFRKh O, AELAIrALLHEECCRD, and nouse anti gl ucagon and

rabbit anti somatost aty ti .fromSigma (St. Louis, M) and
DAKO (Carpinteria,: &%ﬂﬁr@ég’%&@%‘@ﬂé@%@ anti - human gal ani n (Peni nsul a
Labor at ori es, Bel nont, g{#dizatioh| S@ackatdaritan ig@@atgct%ﬁgggﬁg Laboratories, San
~~Franci sco; CA), nouse aﬁ?‘i -rat M—ICQ% agss I %er um (Seroteck), and antirat
« JVHC cl d&sman Edeadiwerin ThEorimands it iagepcagracgiaprcagess3’t hat ot her antisera
directed to such markets is Sya' | able, or will, be devel oped. Such ot her
antisera is consi der edtC¥EFChR CRICPHAIEAIATRECE of the invention. RT-PCR and

Sout hern bl ot anal ysi sg rﬂgd(}ﬂ%h?g”ﬁ‘%gﬁ&‘ﬁéﬁéﬁ%‘aﬁ&&é@g?' | owi ng net hods.

Total cellular RNA prep fromra slets ™S reverse transcri bed
and anyHiisharectaiythy PR Ferwaed) $ tgeficayadaraatgep®ndi ng on the desired degree

of anplification, as described previously (Daniel, et al., 1998,

Endocri nok ogy, 139: 372Beverseod’ gitgacimisrata des used as priners or

anplinmers;for the PCR gnd. robes | ¥n bl ot

hybri di zati on are: Ratﬁﬂgécﬁ?aﬁganrméﬂ?%agéﬁg%g%g%gﬁa?%g? gact ac3';
Hun;lan Pancreatic Amylase Forward, 5’gactticcageagicecata 3’

| . Reverse, 5’ gtttacttcctgeagggaac 3°

| Hybridization, 5 ttgcactggagaaggattacgiggegticta 3’

Hurhan procarboxypeptidase
Y L . Forward, 5’ tgaaggcgagaaggtgticc 3’
! Reverse, 5’ ttcgagatacaggcagatat 3’

Hybridization, 5’ agttagactittatgtcctgectgtgetea 3°
Huﬁlan Synaptophysin Forward, 5’ cttcaggctgecaccaagigt 3’

I Reverse, 5’ gitgaccatagtcaggetgg 3’

| Hybridization, 5’ gtcagatgtgaagatggccacagacccaga 3°
Huxﬁan Hepatocyte Growth Factor (HGF)
E Forward, 5° gcatcaaatgtcageceigg 3
Reverse, 5’ caacgctgacatggaaticc 3°

Hybridization, 5’ tcgaggictcatggatcatacagaatcagg 3’
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Rever se, 5'aggcaagggggaagagaaggatgt3'; Hybridization,

5' aagct gaagccgaatttccttgggat acagagga3d'. Rat keratin 19: Forward

5" acagccagt actt caagacc3' . Reverse, 5' ctgtgtcagcacgcacg@tiaMAR 2006
Hybri di zati on, 5'tggattccacaccaggcattgaccatgcta3' Rat NCAM Forward, :
5' c dfmgirt MRTAGICBaerpdr)ForRER), S cadi ﬁgﬁ@a@g’t@ﬁc@ @ ggggtt gg3' ; Hybridi zation, .
5' aaaccagcagcggat ctcag gtgtg aacgat gat 3. 2 4 MAR 2006 Rat iDX-1 .
"Forward, 5'atcact ggagcadtRyaesgt Cmm@gqagsc@eﬁact acgtttcttat et 3'

Hybrl di zation, 5'gcgtgg Hunan nestin: For '

. ?ggggggaat tht ggagSt j@??gﬁ?z% cg@&%%%@%?%g%g?%%bn d| zati on,
SRALYBPCt 9gagcagt e gaggqa(ﬂ.% » Forwar

‘cttttcgegegcecagcatt3'; Reverse, é %%ﬁgc?%bt%g %ct cgagc3'; Hybr idi zati on,

' aaccat gaggaggaaat cagt d@etsgagggagacctdcgggpmc@Isucagon Forward, . .
' at ct ggact ccaggcgt gec3' Reverse 5' ageaat gaattccttggcagS Hybr| di zat i on,

' cacgat gaatttgagagacat(ﬁ!{ 6@1@8,, cqagReRiCER TS BlEERGsiatEiavr d, 5

aga acagcc 3 agcaaga 3' Hybr| di'zat | on,
5' tcé %Zzgagcagaact a@%%édzggéc%g"gﬁ%g%?% aarganst hyretin Forward, 5'

gcagtcctgccatcaat gt g 3' IRR¥EESS” il cagggcg@q@&hgagat accaect 3' Hybridization,
5' ctggagagct gcat gggct cacaact gagg % Hunman Pancreatic Anyl ase Forward, 5'

gactttccagcagtcccata 3' Hdweliztions5’ agppentictiattigpaggyggd’3’ Hybri di zati on,
5 t gcacfn%glalgaaggattacgt ggcgétct a 3. Huiian procar boxypept | dase

goigaoa

orward, 5 > aggctictictacaca3’ i
Reverse, 5° caggctgcetgeacca 3’
Hybridization, 5° aggcagaggacctgea 3”

Other such sequences are possible and such sequences are considered to be within tl:le '
scope of the art. The invention includes oligonucleotides used as primers or amplimers fori the
PCR and as probes for Southern analysis for any of the markers selected from the group 1
consisting of ABCG2, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin J _
subunits a6 and 1, C-kit, MDR-1, SST-R, 2, 3, 4, SUR-1, Kir 6.2, CD34, CD45, CD133, MHC B
class I and MHC class II. As a general guide, primers are selected frbm two different exons
and encompass at least one intronic sequence. In addition, an RT minus control is run for E
most samples. PCR amplification is effectuated at 94°C for 1 min followed by 94°C for 16
secs, 58/56°C for 10 secs, 72°C for 1 min, 35 cycles, and 72°C for 2 min. The anmnealing
temperature is 58°C for rat nestin and 56°C for the remaining primer pairs. :

For RT-PCR of mRNA isolated from a mammal that is not ret or human,
oligonucleotides that are specific for the amplified nucleic acid from the mammalian schieé
being analyzed are prepared. The selection and use of such primers is known to one skillegi in
the art. :

For Southern hybridization oligonucleotide probes are labeled with an appropriate
radionuclide, such as y?P ATP, using conventional techniques. 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.
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Forward, 5' tgaaggcgagaaggtgttce 3' Reverse, 5' ttcgagatacaggcagatat 3
Hybridi zation, 5 agttagacttttatgtcctgcctgtgctca 3' Human SydapAfppagsi n
"Forward, 5'- cttcaggctgcaccaagtgt 3" Reverse, 5 gttgaccatagtcaggctgg 3'
Hybri di zat i d%e,stzfﬁas giMadar of BimegratigSeamaCalfpcccaga 3'  Human Hepat ocyte
.G owm h Fact (HGF) Forward, 5' gca caaatgtca ccctgg 3'  Reverse, 5
caacgct gacat é’é‘t’etné‘?fsgav@wp%ﬁkﬁa‘it? ¥ dissovered b@é@é@ﬁ%&fé‘ﬁ‘ﬂ lhagmalsagg 3
21 2 4 %ﬁgj] OF, gt ctccagc
er gﬁmnd %@gﬁ%ﬁé@%@t&ag%é%ﬁbrﬂg&g%ﬁ ﬂl%%%‘l%lﬂ%g%&‘

Rev

g gact cceastispeiitedall aﬂﬁ@qiaﬁ@bas%oes hliﬂ”@iﬂrcéii&ﬁ té e di¥ibation of

5' gagta agctcagactgec Reverse, 5' acctctgg agctcct 3'

N

vlabeled 3

oﬂummmdﬁmﬂ@fmﬂbww@rd

Hybri di 28¥nems-pmo u@gg&glbsacﬂommlao@t@w

tcaa taa%@@ﬁ@ib?ﬁe%verfaigﬁgﬂ%ﬁ ca.c%

5' gcag
Hybri d|

caagt C

S, Epspe

Wsaﬂ%lfwam&r d,

5' aggclhhﬁé Bﬁée%a%@t in BAYE FHRE an® huf

A8¢ Phugfdst

aggcagaggacctgca 3' Qther: such sequences are

SSI
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'e and such sequences
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ol i gonucl e

f or SouPﬁ@?

consi st IS

edritio dolis of thhidncttheepitietips il doe &Ipha, betapdeltayant pancreatm:l udes

e By

i8¢ £B

used

o gel

s priners

dR PaReyealF

s

ners fors the
rhedpyctqrg alsp

obsarveaies agtiBo

bes
ies

e T

Nestin, Tntegrin

BN F e e ARl Bl

Kir 6.2gendibg4 andIE#ﬂﬁkeﬁEﬁSS a ikiKer for dastal calladddMnt coloasitze Inlith Asstia apie)al

guide, priipers are selected fromtwo different exons and enconpass at
| east o% FROBR the W&H@Fﬁ:‘@ve fopnd dbatmeshin-pesitiverislet palls dedwt eoilabekwithin f or
ggg S fq%ﬁédm%m b, bmhidsalih 5 pARb R AolystipiibOlrid. 1) nlsSubfMRI PY

that these nestin-containing cells are not endocrine cells, ductal cells, neural cells, or vascular
end;othelial cells, but may represent a truly distinct cell type within the islet that has not
pre?iously been described. The inventors have found nestin-positive cells in the islets, as well
as lpcalized regions of the pancreatic ducts, and within centroacinar regions of the exocrine
pan:creas.

The expression of nestin mRNA in isolated islets was detected using RT-PCR with RNA
frox’;n isolated rat islets (Fig. 2). The functional properties of nestin-positive pancreatic cells were
invésti gated using cell culture techniques and by the isolation of nestin-positive cells from islets,
bot]lp of which are desqribeg;i below.

. The inventors have also discovered that the liver of rats contains cells that express nestin
(Fig- 13).

ATJ,;’-Bindz’ng Cassette (ABC) Multi-Drug Rresistance Transporters (4BCG2 (Brepl) and MDR-)
as Markers ofPancreatic Stem Cells.

. Human islet-derived NIPs contain a substantial subpopulation of SP cells that co-express
ABCG2 MDR]1 and nestin: ABCG2 expression defines the side population (SP) phenotype of
pluppotenﬁal stem cells in-the bone marrow, by virtue of excluding the dye Hoechst 33342.
MDR-1 renders SP cells the capacity to replicate. SP cells (CD34 low/negative) do not
proiiferatt; and therefore cannot be expanded in vitro. The forced expression of MDR-1 in CD34

Jow negative SP cells causes them to proliferate (Bunting et al., 2000, Blood 96:902), NIPs are
23



sees, 58/56C for 10 sees, 72C for 1 mn, 35 cycles, and 72C for 2 mn. The
annealing, tenperature is 58C for rat nestl n and 56C for tha 5@1 ni ng
priner pairs. For RT-PCR of nRNA isolated froma mamal Rs rat or-
human, ol igonucl eotides that are specific for the anpli- f i ed nucleic acid
fromisor(éD%tum{hcmvsp@hmeﬁ)re Nitsraye acvaldpfiee arSP g@ilepavatie oftleisel ection and .
use of such Erlmers is known to one skilled in the art, gor outhern )

hy bre¥BIEs PR BhAGIGGosbimiibe magrop-duted SPecoflladdibs xnipssMRR- Fefaree

r adi |o ol abel ed
or ois R BBl Rl S AL iR pand B SO PR A N SRl 01
37C 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 420, for_the human PCR products. 22 24 MAR 2006
Nestin a50@3MmSl®Mab’fePaﬁBWﬁ%t€dlt¢M|ﬂeﬂeel |'s The inventors have now

numans, - GUES SRESHRPLE b FraBERRLE Factor bR et 1 i obPE? 1 but on

of nREidiPmERALIrbicHR (N?Jviétdan(‘)(ﬁeMWFél?%old%%WiﬁlﬁQEf 250006 Nk, the -
di stribution of hornone-producin For exa |'Gorescent 'y | abel ed

ant i Gt 84:328eNiiwa, 801 yCalbStrndt FontiQ6i mgjsmmaaaklgt aicd96, EMBO 12448%et a and
| K le | h
LR Mo S s Sl VS

ant i Lt m and
not dtﬁg aﬁlﬁh el{;ggﬁu%%%/%ip‘}%s% Og%ﬁe@ké S%ﬂ& fe%tﬂdtgifgér %%ﬁ/ cp IS%"!“% {;ésyéi n
pandNeas BlCall 2062, Sugk Niwalsk al. mo; supen INiwa, 2004 psupbd ENGobisilly eapiesfodi es
specific for collagen IV, a marker for vascul ar endothelial cells, .galanin,

a nmfgdp @Prqbéfrd@‘énmeﬁ%ﬁmg@‘ Seafﬂbe és?ﬁénxr@gmlm calls, Télahrﬁnﬁ@naﬁf%?xpaftﬁéwalls cel I's,

= e T e A TN S R T
I NS wtent, rc@lem@giens somat ostatl n or pancreatic polypeptide (F| g 1) Thi s

suggests that these nestin-containing cells are not endocrine cells,
ductal cells, neural cells, or vascular endothelial cells, but may

represent trul d' st' nc el | e w.ihin that has not.
previ ousIIy eﬁ’é"ezr’fu (fiBj;ﬁse {“Jﬁ%}é}% W&"Ff&@‘téc .?tgraﬁ%ﬁ%est i n-positive cells
in the i S{@kexpRss tﬁ%'ﬂteglﬁissdbﬁﬁﬁé h488 B e&df@?%n{égnﬂ ﬂ%@%ﬁﬁﬁ%éeg)t&u‘:t s, and
w thin centroam nar regions of the exocrine ncreas. The expression of
ngs {GraneRitifaridnRuasidhdit, ¢899, Stietse 28551028). eltﬂleﬂreumtlygaeﬁﬂ' sHeOR thirt BS BBl ‘can

be propagated in culture dishes coated with laminin and do not need to be grown on feeder cé,ll

layers (Xu et al., Nature Biotechnology, October 2001, 19:971). The bell surface expressed E

integrins are essential for the maintenance of cell growth and development (see Giancotti et a‘:l.,
supra). The a6/BI receptor is specific for recognition of laminin, which is an essential protej;n
expressed in the blastocyst. Therefore a6/B1 is a marker of ES cells (stem/progenitor cells).i
NIPs express the integrin subunits 6 and B/. Therefore NIPs are simﬂar to ES cells in this |
regard.

Hes-1 as a Marker of Par.zcreatic Stem Cells | :

The delta/Notch signaling pathway of lateral inhibition is critical for embryonic
development. Much as been written about the importance of Notch signaling. Notch signalitig is
also important in NIPs. Notch signaling is absolutely required for the development of the ‘
pancreas (Apelquist er al., 1999, Nature 400:6747; Lammett et al., 2000, Mech Dev. 94:; J e@sen
et al., 2000, Nat. Genet., 24:36; Jansen et al. Diabetes 2000, 49:163).i Ngn-3 is the key bHLIi—I

transcription factor determinant required for the development of the ehdocrine pancreas lineage.
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fromisolated rat islets (Fig. 2). The functional properties of
nestin-positive pancreatic cells were investigated using celly&p 2308 e

* techniques and by the isolation of nestin-positive cells fromislets, boti
of whi cHes és alpsweifulesipinessonof Npe-3iempression. NIPa vebusily expiess diped: ethetdfate t he
liver of rats contains_cells that exg ess nestin (Fig. 13). ATP-Bindin

<pr > 1 P-
" Casset t ¥IRsAREprogentor eflsprerpnied Somyid emﬁﬁw@&m@ome@i&(ﬁmiﬁ e ARt

. , _ | _ _ )
Substant) A BBURLES I ot fec PRI Sovi] HART, ol SerGHA B b FRucht Sl ©
nestin: (ARSI Sudl £msihen feleflodkaf HBL1 skslessiiedudd bdihe GSEdf Rl RAtifse

pluripotential stemcells-in, the bone marrow, by virtue of excluding the
dye HoeBN&:, c8B@4wy. using sarihintesforeg BNGPokiginugleptidesoapackpiyssion plesphidcat e. SP
cells (CD34 | ow Ee&aﬁt' eé#&gﬁmt proliferate and therefore cannot be
expanded s REAES ﬁﬁé'f' roed expression of MDR-1 in CD34 |ovV negative SP
cells causes themto proliferate (Bunting et al., 2000, Blood 96:902). N Ps
are 23 2 4 MAR 2006 al so CD34 | ow negative. Therefore NI Ps are now defined
as SP cel | sGhY-AR at uddarker dfRancreaipSeess Celis of ABCX2 and unli ke
marrowderived, SP cel]s, NIPs express MDR-1 and therefore can proliferate
maki ng it . f cB&nyeBtorphave farbergissouered dhat dhepangrans of agul ipgluding

Crt 51 . T §ohuart o el BrftelVihe Blacor IRERGRLL 3 Rt (BT Ip Tl o0 €5
homeodojmériticar i tedther Habbd\en gie ddcoversQba, GIVRIIR-fltlve cBil®tan erlotd2e; with wa et

al ., 2000, Nat. Genet. 24:328;, N wa, 2001, Cell Struct Funct 26:137,
Shi naz akgstiatpositive celio 3Theivmentian ia 4159;bassdsery thstcoayerse digew/erysithas meptin-Cel |

C )i o ngp Do GRS oy 2 b ifocalife b R R o Rels, R g SR’ it

stenl pr Lot ; ' t : sarte N . , supra;
Ni wa, 2%% &éss%%lp g@‘hﬁf"ﬁ'@‘)ﬁ%ﬂ‘gﬁ‘@” éli;a g%%lg;% %@1@!&4&@%@3 rlzljgyhogég IH‘%I ng them
per se ¢onvbeassh éntlprmaerehd and nedstise tolyield giscagbn end fedlecagordike poptides
absolutely restricted to stenm pr_ogeni tor cells, and Cct3/4 is expressed in
NI Ps, N@# NI @LP has heen shqyym tehind specifigally to p3-prrtein couplos recspien farnd By as

a Marke 2A1R,C L Ges £ I : ' ' ' a and
a1 o EPCARE et Sl atin elshon oY R E AR hctBplcth B TRRAR e 2950,
Sci encelZined,ORBY, FrntodraRev. €208 876 YDRRREr, IVORD;khaés, 5. £89)| STHeGRBsenbe
propagated in culture dishes coated with lamnin and do not need to be

gr own cmvéwiogds bagdd, in part,'on the discovery that the nestin-posifive stem cells found in the

_pant:;reatic islets and ducts,? as described above, also are GLP-1R-positive.

! Nestin-positive-Islet-Progenitor cells (NIPs) were isolated from human islet tissue and
reac{‘ted with rabbit polycloilal antisera to the GLP-1R (Heller et al., supra), following the
general immunocytochemical procedures outlined above. Receptor immunoreactivity was
detejbted in greater than 60%% of NIPs examined (Figure 22A). To further confirm the
immunocytochemical identification of GLP-1R in NIPs, RT-PCR was performed on mRNA
preptlared from NIP cells. Ji&mpliﬁcation of NIP mRNA with the amplification primers 5’
gtgtggcggccaaﬁactac 3 (Férward); 5’ cttggcaagtctgeatitga 37 (Reverse) produced the expected

i

346 Ebp product (Figure ZZB) indicating that, in addition to expressing the GLP-1R protein,
N_IPJ; have the biosynthetic ability to produce GLP-1R. GLP-1R, therefore, in addition to

) N . . . .
nestin, is useful in the present invention as a marker for pancreatic stem cells.
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| ayers (Xu et at, Nature Biotechnol ogy, Cctober 2001, 19:971). The cell
surface expressed integrins are essential for the maintenance of cell
growt h and devel opnent (see G ancotti et al. supra). The a6/ Bl receptor
is specific for recognition of |am nin, whi ch IS an ess?eﬁt MaR &ﬂ@tei n
expressed in the blastocyst. Therefore a6/Bl is a marker of ES cell s(
stem progenitor cells): N Ps express the integrin subunits a6 and BI.

Ther ef o€ptokimaginaidassi Mutkar fora Bistines| Ropulation lof DuctBipgthelia! G- 1 as a Mar ker

of Panc c ..Stei l.s del t a/ nal i.n wa ater al

i b stoketinS CETOS el e eding SR Rarn. Ralo Aad sied or (1 ¢ en

abo f ort ant
' Eﬁ“’wﬁhﬂg{ﬂ%ﬁé bRAERsD bt iRAAT O el?f@&;e% Db OBRAINNL Boulchd i DO { o1

panatk, 63941 Afled inuersors éhveediscoi@&ﬂ, thaémr ethaf’e(i'ﬂnﬁm{z ,19 Ieapmmmn istindged 2000, Mech

Der . Jensen _et _at, 2000,_ Nat. Genet nsen.et _at abet es
2ooeonfw9d o the ductylss, §u9r§SCPweanvab9dlsmeplﬁctf%ﬁKclrﬂ law t’F’ﬁE‘i‘H&tal(?Sltl‘%*ﬂ’innant

rqu:lofs{g @H.V&l&%&gﬁl}{m-eém; b Ofied. h?hfs‘ @?é)g’%gfs?l%t RE! e@%ﬁn)e c@ﬁfgﬁsle%“ 2 4 MAR

200 Suppresso expr S robustly
expmyﬁedeﬁst&ctaéliﬁwwcﬁctall\lbﬁl ﬁoﬁr(EK @%ﬂﬂﬂivb@éllscﬂ I's prevented from
differentiating into endocrine cells. Therefore a method to block the
expressmn of Hes-1 in the NlPs will - lead to their‘differentiation into
endocr i ng ) %L()%f’l ? % Such a nethod for bl ocki ng Hes-1 expression
coul d be eaues OPYIRESES  ed antisense RNA, eit her by using small

interferiyye S?J\Ha@iolnmmpé fl@ﬂt iWR$ glfe GTTFiEX] S5 FdxPRoshiche B SUIPKRERSSi NG
anti sense Hes-1; RNA. GLP-IR as a Marker of Pancreatic Stem Cells The

i nvE&RB34r §‘hhﬁaﬁed1ngnstﬂn@prt@nt§)cm¢ €D3¥Haw mgﬁlw@mdemveda‘&uwﬂsmnml s,

o aiitarieg e SBosig SPidt et bishbe i trnT ce atusE AR%. Ak %ﬂ%vé’?i’t{ﬂii .
GLPgj; Ii%ngl Matonoalyed 400/ ReAt e WikihavO ik R08kY, iRk o The

invention’is al so based on the converse di scovery; that nestin- pasitive
panprodifrate (Soedelbelals 19%n L &xp.dded.i L83:14%7h G@z@ﬂ]ﬂk@ot%’ﬁ N@uU@MedlClHBhe

glu encodes tif.unctional
di 1 FaSER, REPRJoRRiease NipS db prsiliPind e Bosnos BRY SRt Bdsdncr eas and
intestine to yield glucagon and the gl ucagon-1ike pept ides (QA)P). GP-1
has been shown to bind specifically to a Gprotein coupled receptar found
i n  panAddiidnal Madeid QfRancrsammSlbm@ellsnsul in secr et | on via a cAWP-dependent
pat hway EKI efer. a d Hab , 1999, Endoclr Rev. , 8; Pruckerf 1998
Di abet eg‘ e Weng@w S0 Wpérl § éﬁpcreanc stem cells that are posmve or at least one of the
markers selected from the group consisting of latrophilin (type 2) (Sudhof, 2001, Annu Rev |
Neurosci 24:933), C-kit (CD117) (Gibson et al., 2002, Adv Anat Pathal 9:65), SSTR-2, 3 and 4
(somatostatin receptors) (Schulz et al., 2000, J Physiol Paris 94:259), BUR-1 (sulonylurea ‘
receptor) (Winarto et al., 2001, Arch Histol Cytol 64:59; Landgraf, 20(;'!0 Drugs Aging, 17:41&[),_
and Kir 6 2 (inward rectifying K+ channel subunit with SUR-1 (Wi inarto et al., supra; Landgraf
supra). ;
The invention also provides for pancreatic stem cells that are negative for at least one of
CD45 (Sasaki et al., 2001, Int J Biochem Cell Biol 33:1041), CD133 (I_{Obari et al., 2001, J :

{
Hematother Stem Cell Res 10:273), MHC class 1 and MHC class II. '

Isolated Stem Cells 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. The stem cells can then be
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i nvention is based, in part,' on the discovery that the nestin-positive
stemcells found in the pancreatic islets and ducts,: as (ie%%ﬁ%g)ggg@bove,
"also are GLP-1R-positive. Nestin-positive-Islet-progenitor “cells (N Ps)
vere i Spah®A & 120 SHANRE rdsihiBl chllsSeatRpRARd baiemidthe ohdt o5 3R Hografo| isiional
.qantisera to the GLP-1R (Heller et at., supra), follow ng the general

i mrunocie dohayitezmayrdifferdatiae taqurovida dasulibeeerstingpeadly such dsihetansteticieplace y was

det ected, ter than 60k NI Ps. i ned (Fi 22A). To furth

cont 1 r e IRR G HuscapFenuie ek Wi PR Red Fieotimetes LB ARpor R AL Vet

was perfe gfmﬂlerﬁé‘oﬁiﬁﬁ‘ﬁ\meq{iféeﬁéxﬁﬁsﬁliiﬁgﬂﬂh&&%giaﬁtaﬁmftiéshe,%f Sinfle, M1&ts TRNA
npl | Tmers 5 t gt ggcg 5

with the I cat1on pr ccaattactac 3' (Forward);

ct t ggcaamhangihat indiydd@il whBarightsejveasdhieidasbrt freomeqyatsadiarent 4 he; ibyengiongthe t
(Figure 22B) indjcating tfh?t, in addition to_expressing the G P-1R protein,
NI PS haté of kxoggatied\stann eallsallgws pnathen techaiein fo be pprformed mmppeffart tq g e, in

additio A0, : ' r i ti . or
pancr catih i SfhbfinelRLURSbHS ol oF ¥ GRGan T YA b PEhGRE Bl REN 0O
Di st i ncimrn@iHterki ek hs BeatitoRainubity prisereh ifivi@YAlOWEh Bjpet digbefdSK-Al Rirthies
another internmediate filament protein. CK-19 and rel ated cytokeratins have

previ owsiveniegeaf pougisiemechrorsy prholsisiets in thyd repwplanted stere cellls qaa dilderemiaioen s
a4t al ., 19 The | , h ' ¢ h . that while CK-19
oxpr as <A Pearal SRR B R, ORI PROITHE b Be T boar oe
speci f i gidr&dircalitibl ahd ARbmPlemidnP6t difefonislet LM pbd @Mch k&:PoAdd Blild ed- Wi th

nestin-specific antibodi es., This suggests that nestin-positive cells in

islets pta%@?b?@'ca] nsedsrfthecteist. Apgherodmbhdiment of ¢hd infendion Centempiatssithe vse afel | s.
e

~.NI Ps ar 4 l.owhi.egatjve: .,The SP fractiaon of. NNPs (l.eft ] ower ,gate of

F gor o et RR SR8 SerE el F vivay of EXAmOlS dBfarh netoifle ol AR~ an
becaus ' ke ' . S : sthi

oD64. poikfheh @ i-ASpRMRBAR, Atk KEtherBifReLd Ao pi ANy Iakfaladelvithin

Bl ood, th®hpdi2 Pdfhoughvirererofl en isveidfi@i3tn callsppygtiitoe c8R, oxpdenddrivlats i

limteyl, . .if any, capacily to roliferate (Googell_et al.,. 1996, J. Exp.

Med., 18 fWQWO@Fé&El%Pd@%/BD&FWg@@‘EPS%W@g%aﬂw ,0% St CgH% progepEar

| ow ne s V. i ' | =\ = 1.

a1 Sl o B P b B byl Ik el GF 866 AP UPERBRe ey,

pancr eat i ¢ Biymnghérenbudimanef thedhténtienf the siein dedla ate iomemilogidadly bimmd loer s

o e et Sbus oo by B GBSy A
Pat hdl Lge:llﬁa)’nog‘gﬁé%’ suﬁi&élﬂ afhounts of class I and/or class II major histocompatibility antigens
| (a.k;.a. HLA or human leukocyte antigen) to elicit an immune response from the host. For
exaﬁnple, these stem cells, obtained from allogeneic or xenogeneic sources do not initiate a host
Vcrf{us graft response in imiunocompetent transplant fecipients.

i In another embodiment of this aspect of the invention, immunoprivileged stem cells do not
expii‘ess class IMHC antigéns and/or class Il MHC antigens. These stem cells, obtained from
alloéeneic or xenogeneic sources do not initiate a host versus graft response in
inmf‘punocompetent transpldnt recipients.

. In another embodiment of the invention, human tissue grafts comprising stem cells express
bottli human specific class I and class I MHC antigens, but are recognized by immunocompetent
mice as self, and do not undergo host versus graft rejection. These stem cells, obtained from
allo:gencic or xenogeneic sources do not initiate a host versus graft response in

immunocompetent transplant recipients.
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(somatostatin receptors) (Schulz et al., 2000, JPhysiol Paris 94:259),
PUR-1 (sulonylurea receptor) (Wnarto et al., 2001, Arch Histol t ol
64:59: Landgraf, 2000, Drugs Aging, 17:411), and Kir 6.2 &iMiRr2006
rectifying K+ channel subunit with SUR-1 (Wnarto et al., supra; Landgraf,
supra) . Theinvewton alsmprivides foranétheds dfosolRiipataatélls fide aesddeaictdondr, ar e

negatiye for at | east one of , CD45 (Sasaki et al., 2001, Int JBi ochent Cell .

Bi ol &&transpiantingshe yesultingsells inte agnammaloef another speeigs (i anurgestanreslls age s

10: 2 . . class H ., |lsol ated.Stem Cells from Pancreatic
Islets 2}1 _ﬁei%or S%g%é%? @r%xyéﬁesa?gﬁe%cehug%ﬁ Bit?gat)iaﬁgﬁe’éo%?@par ati on, of

pancr eat The iivestich p&?fde@ﬂﬂﬂﬁ%t@ods'o?b@ﬂf&niﬁ@is%?&%,faﬂ eicmrﬂaﬁggﬁaaw e of
tissue froma diabetic patient. The stemcCell's can:t’hen be 26 -4 MAR 2006

expefaesplaass ofingstimapesitiveestema sallt whereinghe stetnrciis pteamiiartdHarckpérivif tinee, donor
as ap_isoaraft. .lnsi t he .dgnor, they may differentiate to provigde
insufﬁfﬁz‘%t;‘?"e{lﬁ{’a%ﬂ%sh% - HEhosics or e d s e Bra el RSt ¢ o

the gdé Biovided B8 Abtha&K o Hnﬁ’% iDerd| ' éu ARBEAAGE oF AN

over corrgIL t he probl ens f(/)q‘%h?m‘ru g e?éelg,ﬁuggaggé@ﬁ%ﬁ n%rcom @ansgfg'nt ation
of t stswueell thasris positing for atilsisebse off ABCIE2a0013/ IGLIM radepton) latrbhilif @is Ber ve as
t he In one enbodi nent of the invention, the use.bf isografted stem

col | Host Worting Fbtamisy subBeifi foiend B b it MPRol nBST-RA, SHT R S5T-Rb Sfoid t he

emoiF G EhaE! A iSRRG A of CPRARDES GO F MABCRLATE RRERIC Dot e en
i n i Hohiheredt elesstoth tHlld 30 eultured BeltRSiod Of fike! 1R exarRfl¥ 01l 3@8rsO4-54phiRgs Jloem

cells over whole islets is that transplanted stencells can differentiate
in Beuwryonhd deps préer tadepsplandatisie host environment, (for exanpl e, provi di ng
appropriate. mefogircul atipn a ompl enent of different islet cell
pesh wh i B Gy s 8% fodd of BrRaRE pdenstc. aleE B o eeher
enbogad¥plhtsIf nekth-hWBRS 466 cBR WEIBINFhE StetiNR1YS ExRbded R b Ey@lli(!)d’of_ timg,
differentiated steni cells ex vivo, for exanple, to form progenitor cells,
whi cfor srample, b4 dguesn f5yhonrss il hourat §-3 dayst preor o srensplentiohdo giverise by

diff iation.optionally taking place within the host. Although the use
of aﬁé’lfdg%laﬁjgftf’ og}epgtie e@éﬁfgr,c’gﬁ?lg}éé’ﬁﬁsfor cells, or'pseudo-islets is

pref err ethe ﬁ'@@ﬁtﬁﬁfal%{édidﬁﬁﬁr n‘féﬁﬁ&ﬁ%@b@ﬁfﬁiﬁhggstog?ﬁi]cg I n@iclo?ﬁﬁﬁcfér%:m&t: stem

cells, progenitor -cells, or pseudo-islets om anot

i ndi Wansplantsef afstepmreell thatisplositive fat keast mp ef IABCGL,rOotaM, GhBtlhecepgohodi ment
of Lﬁﬁinetio he em cells are jnmunol ggically blind or 4

rm HBRRIUR (3Bea) Het o NeSUhiiuapin MbsHs EhASd Adpieit, DR fle SR SSERS,

| MUOERRIAY BURIEK S 6 tndid doeSndlQxBiaks ?%%;&Za;l[sof%ﬁﬁ, T HBY RO ass |

and/or class 11" nmaj or histoconpat I géns
I and MHC class I wherein the stem cell is expanded for a period of time, for example, 2-4

D

hours, 4-5 hours, 5-10 hours or 1-3 days prior to transplantation.. :

The invention also provides for methods of performing isogeneic, allogeneic or xenogeﬁleic
transplants of stem cells wherein the nestin-positive stem cells are induced to differentiate im%o a
progenitor cell by treatment with an agent selected from the group consisting of EGF, bEGE-2,
high ghicose, KGF, HGF/SF, IDX-1, a nucleic acid molecule encoding IDX-I, GLP-1, excncfin-
4, betacellulin, activin A, TGF-B, and combinations thereof for a period of time, for example;i 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 intoa
pancreatic progenitor cell. | |

The invention also provides for methods of performing isogeneic, allogeneic or xenogepeic

transplants of a stem cell that is positive for at least one of ABCG2, Qct3/4, GLP-1 receptor, '

latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and p1, C-kit, MDR-1, SST-R2, SST?»—RS,
28
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(a.k;a. HLA or hunman | eukocyte antigen) to elicit an inmmune response from
t he host. For exanpl e, these stemcells, obtained from al ngeMARczmﬁ
" Xenogenei ¢ sources do not initiate a host versus graft response in

| Mt unoc GHIER4BUR-1 2K, 28hd/6EE0R nBDEresk Bné BLAINET CHARATHA%E WD 13E, MG cRgPect
of the invention, 1 munoprivileged stemcells do not express class I MHC

ant i gend 289 MK classHavhereivihe stom cglirase imineesktostiterentidte mto o pragemitsd cell byn
al | ogen or enei,c I 0 not ini.tiat s graft
oo R A BB S B o BB R B o oS BB e
of the HURSF WX- lhalﬁﬁdlexblaéi%lliﬁol%tﬁé eme S NGLPNICB a4 bEIELIRER, bot h

human speC|f|c class | and class nti1gens, but are recogni zed by
i.mrunoc eatben dn il GE?demnﬂmhaﬁr,onaﬂmmﬁ fmcatpeund ef imehfis exaneple 54 bows,14-5

Sou ces IO TS ORI S SR pePT YorSeRnghion. ebpisal ppansrAeAGSbTAle e
t-ranspl %{&;n Eﬁﬂuﬁéeﬁgfeﬁl ﬂﬁ%ﬂfl?%ﬁt%%?%‘ﬁ%ﬁgé’ éﬁéﬁﬂ%ﬁ&lﬁ al so provi des for

nmet hods of 1 sol at temce onor, and transplanting

the resul ti e amllehﬂom powides fimmethods of@ﬁﬁbhﬁhgmemﬁs, aﬂleg@mcrml Kemgefdiem
cells are transgl anted . into . a human, for exanp a di abetic human

pat i ent fIAAPIANISEhGTgHERCptn-PRYLIY S em G Bnars rraewdalsect sxpanded eudifisreniiuted Brien tag
s Ogeneltlccmﬁmdm A6 %?'v&e?ém %F%g&%ﬁ%\ﬁ:ls 951{ %&@ﬁl&r&{ a.t@?fv%‘ #C&Pﬁgé !nrld/ e stem

cells whereirn the stemce peri

exanpl e differdntiacedrpgior4o frafplintatiod: 10. hours or 1-3 days prior to
transplantation. The invention also provides for methods of perform ng
i sogenei c, dibf Bysnderalse PWFQ?@@W@ pdscnfpsrarming dsoganeie tadlpgeneicior xReAZENSIC

PO g yhaRgls SR oP g B TR f ol A2 O LB,
SST- 12, gl e BB 1 N, Becr0alisdRPAY CoRBEOR ORTOr ol |

of CD34, 133, "WHC cl ass | and C cl ass érein the Stemcells
are cul R SETRS; Sanié‘i |SdER-dfIﬁnﬁwﬁand/mdcexaom;@;esﬁoﬁebmltsfcmtﬁﬂmwrs 5-10

hours or, antati The ion als rovi des
for 5@9&)&% 11?i d&F@fg e ngi g F’H’aﬁﬂe&@h‘g 5‘88?’@3 li?%rﬁgpl ants

of nest %ﬁ%&éﬁoﬁ%r%&lﬁf@zﬁﬁ's&eﬁa &4?1%9! i9 Jﬂ@véfo?ﬁuesét on%ﬁfgﬁ?ﬁldégﬁl@r 1P Says

period of .tinme, for exanple, 2-4 hou ours houfs or
prior toect-pfanﬁmztc@hﬂat (type 2)pHes-V Nestinglntdayin sabhditsdi6/arl {1 Coit, MDRE], SIS
cells ol S$’Eem %or cells. The | nvent i on al so provides for_ net hods of

2!

per f or ST RS, SURd ek &2 and/gidnsg aafes press prmgialhok GD3 CD4% em cel |
that is O‘ﬁﬁ%ﬁ}m 198 Bhd AR 14361 R1 uﬁﬁ%&%&ﬁaﬁdeﬁnﬁ]& dﬁﬁ&'&ﬁfa?erd’pnor to

transplantation.

. Nestin-positive cells can be proliferated in culture from isolated pancreatic islets and
subSequently isolated to form a stem cell line capable of essentially unlimited propagation.

' In another embodlme}nt a stem cell that is positive for at least one of ABCG2, Oct3/4,
GLP-] receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits 06 and B1, C-kit, MDR-1,
SST—R2, SST-R3, SST-R4, SUR-1, Kir 6.2 and/or does not express one or all of CD34, CD45,
CDEIBS, MHC class I and MHC class II can be proliferated in culture from isolated pancreatic
islets and subsequently isolated to form a stem cell line capable of essentially unlimited
propagation.

. The inventors discovered that nestin expressing cells grow out of cultured islets and can be
obs;'arved growing around the islets as early as about four days in culture. These cells have a
neulkon-like morphology (Fig. 3), show nestin-positive staining, and express nestin mRNA. Islets

containing nestin-positive cells can be separated from other cells, e.g., fibroblasts, that proliferate
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latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and 01, C-I|dt,
MDR-1, SST-R2, SSTFR3, SST-R4, SUR-1, Kir 6.2 and/or d eﬁ m @fj ress one
or all of CD34, CD45, CD133, MHC class | and MHC cl ass 4T Wher

cell is expanded for a period of tine, for exanple, 2-4 hours, 4-5 hours,
5- 1¢rdam thecudtnred-igletd dy expoding a stmpctrrsmmsqﬂtbmlswts oreoncafiawalinde The mlﬁtfal o)

provi des .for nethods of perforng |soe%ene| c, alloggnel C or xeno anel C

trgﬁgﬁiaa}%ﬂ%ﬁﬁnw%ve éﬁe}’%"%@?’g‘ﬂﬂt adhgreie SCPACIHBKIL 4 Soaipd pHlIEs VS
1 50 IS RLEThL R8s ey MR b G o bt B 27 o0

HGF/tBéveskdDXThe iglets utbl tﬁen?plafed@n ﬁﬂﬂl@ ¢hitdo @ﬁﬁmlemg:oh@ﬁaﬂzahﬁ Boéunggw(halfél n-
betacellulin, activin A TG (3, and conbinations thereof for peri od of

t i meheyasherex Fheidetails of therpylivre and islaisnpsoceduregre deserbest for rag cdlawg prior to
t th tjc st 1, the st N
supsaielk FhaM: ik FafiBofd bed SABSEETIARRBAERES 1 o cel |- The

i nvention aI so provides for nethods of perform ng i sogeneic, allogeneic or
xenogepei ¢ transpl ants of a stem cell that is positive for at |east one of
ABCERImatiorRe P semicPlIsiets ambPnetal SthvgtureiniCiliurg t ype 2), Hes-1, Nestin,
Integrin subunits a6 and 431, C-kit, MDR-1, SST-R2, SST-R3, 28 2.4 MAR

2000 Seheicrad oo s 2T BTSSR B5R  lesfi S
. ndtﬁ@génit@f é@lfs{bﬁ%@ﬁﬁﬁg’ﬂ‘&%ﬂ tBtf&n@PsI%{lﬂ&?ﬂéttl% aggﬂ Ggat@ythaf 6&%%& Opmm&dn an agent

sel ected fromthe group consisting of - high gluc

HGF/i89,a patiEatlwitlainsufflcéant istet icell mkmtmmmnm@sm@@@xedmrcﬂmmhﬁmt ormode n- 4,

bet acel | ul activin I na S for a perlod of
e nafSt el AR s oflia e be pitpartdire BB REb IR AGIaod SRS bri or 1 o

tfa%@iﬁé&tﬁéﬂ: tEAZEN Bhe,2 Earsth b é&@cﬁ&e H

subseqlljent 'y ﬂa:éeﬁi?%t&gsﬁll nt% ER%%%E}S%%% I C p‘ré%%ée:ﬁildt %?(ftg?ﬁf by

| NV enposimg ﬂmem/uodnasommgrowﬂi Taotbss. d]’hm)probessrrs illysirated énBxampled 2 agkhei ¢ or

xenogenei ¢ transpl ants wherein nestin ;positive stemcells are not

cul tured, expanded or differentiated pr| or to transplantation or wherein i

' e iitrRashdd MEEhARIE L PRohffor il b Rt @Rl 0T expanded and/ or

di fferentrated prior to transprantatiom.—tne i nvention also provides for

met hods of performing isogeneic, allogeneic or xenogeneic transplants

wher ei n Grostle fact{m that tmay nicmc:@dﬁferdnmeticﬁmof ;&mcﬂeaas ttetmelloincAIAEGRL ar®aibB/ 4,

G_P-lrece atrophilin (type Nesti n, Integrln ubunits a6

ana 1ied o HAH-2, hroie 1P i eligee, JGBF, HOT SIS . cagheint, RPeaisbiah | or does

hot tRh %S S TERR, &d @drﬁbﬂitm%%reo%ﬁl refers to glucagon-like peptide-1. High:

glucose refers to a higher glucose concentration than the concentration normally used in culturing

the stem cells. For example, the stem cells can be normally cultured and propagated in about?5.6
mM glucose, and the high glucose concentration refers to another congentration above 5.6 mM
In the preferred embodiment, a conceniration of 16.7 mM is contempl%ated. In Example 2, on:e

' possible growth factor treatment is described using basic fibroblast growth factor (bFGF) andi
epidermal growth factor (EGF). i

In addition to growth factors added to the medium of cultured cells, further growth factBrs

can contribute to differentiation when stem cells are implanted into an animal or a human. In
that situation, many growth factors which are either known or unknown may be secreted by |
endogenous cells and exposed to the stem cells in sifu. Implanted stem cells can be induced tb
differentiate by any combination of endogenous and exogenously admiinistered growth factor$
that are compatible with the desired outcome, i.e., the final dlfferentla'ted cell type or types arid

the anatomical structures (e.g., tissues or organs) formed.
30

 the stem*

\




CD: 133, MHC class | and MHC class Il are not cultured, expanded or
differentiated prior to transplantation or wherein a stemgel f\mﬁh%g S

" positive for at least one of ABC&R, Cct3/4, GP- | receptor, latrophilin
(type -2), . HOae bmbbéisientiprolvitdce gn appreadhlm istimubfing diff@dntiaCok, that 1mmdmmlssr
."R2; SST-R3, SST-R4, SUR-1, Kir 6.2 and/or, does n ess o or, al | of
CD34, Coppstregmyesfeciort ot grpwitaptors Ry ta/fensipe stom ge clis o phnse Rt U I &

eXpandeﬂucﬁgl%&a Bib&e RSP Eiord. Conb e %gﬁﬁg 100kt trisse@stidd ve

cells can era ure rom| ntreatlc I'S

subsequ eamdryndzfzed By 6Pt Doff @fefiia-4 t Rirodeling éﬂfew)r@ apmtdsemzxr-l ezsﬂ:&ggeral | y
unlimted: propagation. |In another enbodl nBnt, a stemcell that is positive
for at Hdfesentiehen tsfforpendocrmetdeteells.GLp- 1 receptor, latrophilin (type 2),
Hes-1, Nestin, Integrin subunits a6 and 01, Ckit, MDR-1, SST-R2, SST-R3,
SST- R4, SUR-1, Kir 6.2 and/or does not express one or all of CD34, CD5,
CD133, Mﬁg;%@%%@,rhﬂ@ &é: class Il can be proliferated in culture from

i sol ate I'STel’'s and subsequently isolated to forma stem cell

| i ne capabl e of essentially unlimted propagation. The inventors

di scover ed t Whe investiomprevires fei ayincdve pragediwe fon evaluatiog the savivaliadt s and can

cul t ur ge%&“@“gaﬂ%‘%&%@%&p Y RBieRa i SPBRgEL o ranepjt iy, "
nesti n- ]
ne:t : n- ggl?}lﬂés\ﬁgp smrc%g%ﬂrﬁlmgepargﬁeégfr om OTRW‘ﬁha «%rﬁtcéll DPQB&@H -:'lé(;)lgﬁ ast s,

t hat prﬁk@ﬁ agaﬁea&o?dxﬂ w&ﬁﬁ@ﬁ]ﬁbﬁpmthe cultured islets by exp05| ng a
suspensi on of the islets to concanavalin A The islets _containing

--\nest i n- posi t Forexamame,cuim-snmymasuppressed Eé?BLfQ)mépmﬁéranwlw@ (fow@m%d

{ kulture v al | owi ng,t he_ i ta_be

whi 1 o oPiE efonal GipaGEDop i Blindgut 8% 16 aledpei Rk BEEARETE o,
pl ated ! fRGHR ﬁimﬁbﬁ) GaHili piirthing hey
adhere. 4 3gf\ege asfala'cgﬁof t he %ﬁ?ﬁﬁg&and ?E%Fatlon 5r océdﬂgggr are desgcrl bed
for rat mnﬂuh@cymmhammabktamdng)atl thevsiteShirtie grafted udterdal{hos apesganoipttisswrcpressnt h

human cel I's. . Fornati on of! Ps do-1s]lets and Du tal ,Structure lture
One o BT OB e P BB AGRS R AR 0 PO, THRLTE RD ton

of stem F\?{HCP %E]‘H%?fog gﬁzﬂ' Olélgrheﬁﬁ{d hﬁ’/)éo%ﬁ% hﬂﬁuﬁgﬁﬁ?ﬁn@]EfW tsﬁé sflﬁﬁg ol ent

l'i ke aggregate tra ante nto a pal I nsu

i sl et c@ldertm&Smade canivairpy for pﬁmﬁplej Qgoaihg tothe: wbrage sireival timepomeke t her apy.
| sl et-deri-ved stemcells can be prepared. fromcultured islets. as indicated

above oexpsiedisuedvalitong ef pHepmianedmammal, cEhe sitejof¢he g198 s eplyzed) fof can
then be I ndLiC%d s%almnlg,f{ ﬁayef'ot i@%gm?& e., 1, 5, 10, 30, 100 or more days, 1, 2, 5, or 10

yeats) post-transplantation, preferably 10 days to 1 year post-transplantation and most

preferably, 10-100 days post-transplantation. For example, if transplanted material is

introduced under the renal capsule of a mouse, the kidney of the transplanted mouse is

v

insﬁccted. Transplanted material is successfully engrafted (i.e., not rejected) if, the
trarisplanted material is still detectable and/or the transplanted material has proliferated into a
tissﬁe mass.

' Detection of the transplanted material and proliferation of the transplanted material is
dett*j:nnined, 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
traﬁsplant recipient (i.e., not host kidney derived). In the case of xenogeneic transplantation,
traxisplanted material is su¢cessﬁ111y engrafted if specific immunostaining with antisera specific

for 'an antigen from the species from which the transplanted material is derived, according to
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exposing themto various growh factors. This process is illustrated in
Exanples 2 and 3. Differentiation of Stein Cells or Progenitor Cells to
I'slet Cells Gowh factors that may induce differentiat)i prijafi Hafhcreatic
stein cells include but are not limted to EG-2, basic FG-, high glucose,
KGF, meiibd sSHf, infauiotytoekemidairstaining &heawe it tHei att andeddsciibeail sreil Gdemifieand

conbi nations thereof. GLP-1 refers to glucagon-|ike peptide-1. Hi gh

gl uckisEive &ells. s Altgrnativelyhin erghaditoenss wheredne Kemagsneie iransplaniatiosri8ent rat i on

nor din culturing. the stemcells. .For. e |l e, the .stem.cells can
be. B iolmEd s Plafity ke o pS e b BB E S SR Y o BB G e i g
gl UCHERDUEH | ; : - ' 1INL. In
t he if)tfrhg(fnie)r r ede%ﬁng(})%?@netfnﬁgﬁ gﬁt c%ﬁ%en ragt?slr %ﬁggﬁﬁ%ﬁ%{?@?@ﬁ%ﬁ%ﬁ ed. In
Exangphteridl, is derived) assddsbated) irote bldod of die tramplane rdcipisntdescri bed using basic

fibrobl ast gr%\évth factor (bFGF) and epidermal growth factor (EGF). In
addi t i o3 $SedherRiy “reieqtions refera derrcjestion of ansplanfesimatenial bydlee BERIRE  f ur t her

gro C i : | £ f ntiation e C @re
oot e St R EUSASHER, el Bl S mSATN e S

f act tisste vdekasis @fftRe BhidplintddNaNEridlin LG TRYINPAIRSEdpohRbIlNe host.eMdogenous
cells and exposed to the stemcells in situ. Inplanted stemcells can be

i nduRnether emberlimest crpiecaon” mpansradesrsats indhe wiabdity suebidbas it reability aftigyenous| y

ot e AN, e ,
o, SRS e R dePE R AR RO OB 8 et i Mt o ol
st r ugdngpl@sted tatbrial bHESeQFanSplaRitith) &) refSUnBE the 3PmAiné rddPEhse QP the HRE A

enbodi ment_ provi des an approach to stinulating differentiation, that is to
adni dcepseringdabikity cam be d¢tennined by methgdoweh khawhon theout, irsludinginft@ot st em

[ 1 i [l L t.h | ei i d | ecul e, I . h
o t P8 B bR e Fikiod stigidl n bRt b Giienl SEHpR SR 4EREP Of nduced
by %Etrﬂns@[an%@ﬁﬂbﬂ?l"te phalifEag _(Pirélﬁ’pl%.fiﬁﬁ Gﬁﬂ’l??gm%h’ﬁl?e hE¥ods &N higgoer

differentiation to formendocrine islet cells. Anﬂl s of Gaft Rejection
The drhinelndingbupnotdinised fodrematoxiylin/eosin stpining dllreeodconrerwealf transplapt t he sur vi val

f transplant terjal..Experi t al | reject.i i al db
Cr artels PR R TR AT pliRbich SHPelobaaows toll GRS RaRRREBrElS8H marmal > vt b
a St@REERhd o fackrd) 18160nS Lot Likik8 1/9LLLIEnRE ﬁ&&&iavﬁ.e} ehd Q1 HY BPL T on.

For exanipl e, non-i mmunosuppressed C57BL/ 6 ce are trahsplante f,or
exarthe ecll numiste) ort the hosii{ae., whether cesipt this thbsthisi immussotelerag khd/onkasdreei ng to t he

i nvent n..Graft-re(lection is ;
treated with an immunosuppressive agent.

a{e
Methods of Transplantation

The invention provides for methods of tfansplantation 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 step:s of isolating a stem cel!l
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 2 mammal or
a patient by injection of a cell suspension into the mammal or patient, surgical implantation df a
cell mass into a tissue or organ of the mammal or patient, or perfusim:l of a tissue or organ wiith a
cell suspension. The route of fransferring the stem cell or transplantation, will be determined by
the need for the cell o reside in a particular tissue or organ and by the ability of the cell to find

and be retained by the desired target tissue or organ. In the case where a transplanted cell is to
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anal yzed by sacrificing the transplant recipient and staining for

viability, or perform ng imunocytochem cal staining at the §i ¥AR 02086 he
‘grafted material (i.e., an organ or tissue present at the site of the

gr af t edresigit éu A ahiticalar estior, trar be ssigicappkpédintea tisste of pigap of simplyrRiectadne
_'point at which staini (for exanpl e .hematoxyl|n/eqsi.n.or i nmunostai ning)

PY' The i Heiplondkesut ke tell Taschs rappoily tnqwerie o b Assiren Hreet PRy s

accor di \ ¥ @hibh B iRfudelifc sEXARTAAHH b L e of

transpl Z%P%@aﬁntg%}{&oﬁgg?ﬁ%% ttl %r%?é@%u%es %Fﬁa yzed, for exanple by

st ai ni ngecoddigss the inkeny®g aad Cilaging ahd tAnsfaling3he std@@elintorammntagioral, 2, 5,

or 10 years) post-transplantation, preferably 10 days t

ear ... .
post - t r Befigpf. dneanthererzhediment; transplapiation ay nsefdieresn, qa*aﬁcluf?e the ¥teps of isolating

post-transpl ant atiqn. Far. .ex | € 4. . e | I: ' ed
Cnder  « REEPLGHEN SporBig b oy A iteenlib bRt SBh PE AR SR (i HRECUE T
Fnspect ffly o AaRHH0R A ipaHR Teddsplantafion, 48 as&Sartihycaangdladd e steps 6f isolnidig a
rejected)-if, the transplanted material is still detectable and/or_the
t r anspl statenllmetedinglto thesnpentionf differestiatingtand sxpariding ibe giggscellpad densigmings
t he transpl ant%ii material' and proliferation of the transplanted material is
det er mi HEStent goll infoprama} or g DARFHy v | i n/ eosin staining of a frozen section
prepared fromthe transplant site (i.e., the kidney) and the detection of
new growth that is not derived fromthe transplant recipient (i.e., not
host ki duthodd ef Tveatihe Idsnlibependont Diabetes dgmgRapcreatie Sisirybelis | on,
transplanted material is 'successfully engrafted if specific inmunostaining
with antisera s ific .for an antigen fromt spegi.es from whi.ch
~~transpl ant eﬁt%{’)@%iaé? uqe@lﬁ‘éf‘?f@@& O%Bﬁtafﬁlﬁsr%g’rpgle ypg? cgabﬁe'wﬂﬁ%%% t6 %#%%83 of
/1 MUNOCYOCRERM fidiberd @ft{altdﬂ&ugdﬁ&g d D dtab&espdtienRd THE BedbeARE Patidl Killpreferably

I dentifies positive cells. ef'hatively, in enbodi nents wherein a
xenogenesree by the sphamifabnaraticstisspeudedtorpiduce sters blis peegeniforaellsor pseudo-
successfully engrafted if nplecules .(i.e.; a protein or an. antigen) ..

dor | ved it die aAgegHsi PR peLS otk udui diricult ot BeRas SRR Bt
transpl ﬁﬂ(%t?.dAﬁ:EP{ Giabétc ga%ieﬁtelgid\ﬁ s ﬁ%ﬁﬁ dift B&?@ﬁ i416ts bRSislhRa droft the BRopsy
transpl ant reci pient. use einh, "rejection” refers to rejection of
transpl @isduedndpiepated!fohyulivees viveipreferahly withino24 hives.hBism, cells cames protifatednt |

e SE SRS ceelr] sice ol Torc Lion SO%ceLL oty LESUG.ARELE O
In anoghgr %WIQ g%ﬁ%ﬁ h%rﬁc'gcf}?foﬁﬁ\tv sol. aRcHS PEERBEY diffeteifationadaiibh isy such

&
that the Vi transpl ant ed mat erlgl I s decreased by 90% or

mor e as giioRbbegroth ffeory.i Bhitd ¢anybegirodived by setariners ddsombee ki Btangple 3r The

transpl antation, in response to the i mune _response ,of the hpst:. A .
P whole process of surgicgl pancreas biopsy and transp]antatﬁ)on can be pert%rme(? within a period

~ of about 30 days.

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

R

iml;lunOIOgically blinded or immunoloprivileged, such that in allogeneic or xenogeneic
trar%splants, 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 II antigens.

| In another embodimgnt of the invention, the recipient of the transplant may demonstrate
hos:ft vs. graft rejection of oither transplanted cells, which can be combated by the administration
of blocking antibodies to, for example, an autoantigen such as GAD65, by the administration of
ond! or more immunosuppréssive drugs described herein, or by any method known in the art to

prevent or ameliorate autoimmune rejection.
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decrease in viability can be determ ned by nethods well known in the art,
including but not Ilimted to trypan blue exclusion staining. In another
enbodi ment, "rejection” neans failure of the transplant @d4 AR08 to
proliferate. Proliferation can be neasured by methods known in the art

i ncl udi nglteroatively, steiméeile isolabechiromtamontivmianasammst aicaidmg toTtheinye®iny ence of
transpl ant . rej.ection angd/.or the sp%e_d at _whi ch re'! ection occurs.follow ng

 t r arfpfARPIAtR G 4 g diabptssditeg Foer fotbe SrusplaniatianditeRythe SMHETS | i it ed
to t ' | cell type; or the cell nunber) or
t he %&%é@ﬁ%ﬁ%ﬁgﬁﬁkﬁ@gﬁg{&ﬁ%ﬂ%@?ﬂfs I mmunot ol erant and/ or has been
treated with an i munosuppressive agent. Methods of Transplantation The

i nvention provides for nmethods of transplantation in to a mammal. A stem
etheds b Ficating B ! mekiver-iDisease Alsing icraatie Sy Eelds" or

"introduced" into a manmal when it is transferred froma culture vessel

tin a ‘ . . red f : e vessel o
teps of Fosily of RS MR biiflogBELHlR8 hisdlien SR ob sl TEP | N0
t he is el lo@ivh (Bigard QTERGFRkirson,al 994}, | BiY pancrbhad tamaRllens me pasemr ding to the

i nvention can_involve transferring a stemcell into a mammal or a patient
by ilayemionsan be uspdde providesiizpatocitas foip@atiens sutfening from aliver diseasesughscal

ot GfEbAL ool BBt 1B oBich B HRBlRu e CERGB SR R, e
T out@dded! RO §ieRT dell9 8f R niinfibh 651 AlsPbe HEROEHY ScHethdrapy to¥orectigeaier m ned

by the need for the cell to reside in a particular tissue or organ and by
t he dafedtiang inboduded intelal patieniftp mestora hcpatie fnmttimnn dstiy-positivelstsinroells carhget

tiss or..organ. Ln the case where a.transplanted cell is-to 32 2 4 MAR
200 Biigted Flies IR aiHFe B v oOBEATOBIRE P16 RO S NLGREam) I Phdced | nto a
U SSHOLAENQRERR tBinsRLAR With DnBEleRheid l%%cﬁlg,ethgﬂ RQHRLH Affarkdtiatiog opglla! has
the capability to mgrate to the desired target organ. Transplantation,
ac c aetetn eglld to hiepatodynese ih onmembadinient; khedavédtion sbapeapldicd theohsd ofng a st em cel |

accordjing to the inveption, and culturing and transferring the stemcell
i nt Ocygiquwto SHPRIESSHlOF FRATRDE, Senictsdachios HpgEhkepaiqe FRHIORt i¥n, as

use ' : ' 3 I sqhat.i : ding to
o, TOBlcF ebodifinl QLA ol i, Heilan Ol G (B R AEd S By B SR e
cel |treatmesmt aad timnapptopoiateagrowtl factots caiiba peglidett iatsito withis theqadedttyteidg, Tican
include the steps of isolating a stemcell according to _ the invention,

di f fst angtherembpdannt.dhe stem Galls expbaented wikh proxvih fadters o efher agpntseraigr em
e . ‘ | . ! g
ce add%heﬁg};%%@%%g@ggg? gﬁghgﬁagg%}é Bodsiafl dﬁ&“&@ﬁﬂq?&i SteihihRnPependent

D abet es :
differentiated state. Other aspects of the invention, including methods of transfecting stem cells

or progenitor cells, dosages and routes of administration,'pharmaceutical compositions, dono-
isograft protocols, and immunosuppression methods, can be practiced with transdifferentiation to
hepatocytes just as for the diffefentiation to pancreatic tissues.
The invention specifically contemplates transplanting into patients isogeneic, allogeneic, or
xenogeneic stem cells, or any combination thereof. I
:

Methods of Stem Cell Transfection : , J

|

A variety of methods are available for gene transfer into pancreéatic stem cells. Calciuﬁjl

phosphate precipitated DNA has been used but provides a low efficiency of transformation,

especially for nonadherent cells. In addition, calcium phosphate precipitated DNA methods often

result in insertion of multiple tandem repeats, increasing the likelihood of disrupting gene

function of either endogenous or exogenous DNA (Boggs, 1990). The use of cationic lipids, e.g.,
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Stemcells are useful to replace | ost beta cells from Type_1 di bg es
. patients or to increase theoverall nunbers of beta cells At

di ab The diab i ] f h d
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The whol %Jﬁprocess of su&}gl cal_pancreas. bi opsy and transpl ant ation can be
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this enpyel mlﬂtl@ﬂ of plemi aelle moubhimproresthe Gabibilitylof tlmttmemnjestsod\ﬂﬂ@rcmblaﬁ:s I
and/ or ant I.,n another e di_nent, of .the invention, -the
reci pi e?l 8tfx1 g?‘ﬂf [P?éﬁg{)tfoé‘rﬁf Pﬁﬁifeﬂ&%ﬂ%g@t :QVIICFR}%FCW 13@‘:*8\/9“%:?}@}}[ i on of
th t I
bl ocki ngﬁﬁ??ﬁ%ﬁﬁz&ﬁﬁe‘ﬁ*“;@&nﬁﬁ"?ﬁ%ﬁ%%ﬂﬁﬁ@f&?#@%%%%%% 1 BB ot
=

. pdni ni sbe aweded afany gidndimeynrakingnits mse snapgenssie\peodiictigs ligird! | Gat 1ﬁ@ﬂﬁiﬂ1, or
~-by any thod known i e}fghe art tao _prevent or aneliorate autohnnune

rej ect | GH° Pagsreatis sigupcallsaising regp vl PIF@ICVIS isfhe prefarsdmpthofaRetrovirusps provide
non- hu di | e a human
o, B g RS fe Y0 B AR B ™
cul tur eﬁmﬁaﬂiomnn@k@hraﬂehmcamtmnedﬂcﬂfed I thel a8l o4l aré@dﬂ%i&é‘ﬁe@f‘o b-ErVﬁﬂﬁli e scope
Patients %ufferl ng fromLiver D sease Using Pancreatic Stem Cells The
abi i tyog 1%)‘&‘?1?:‘%’@&“ c stemor progenitor cells to transdifferentiate to
form hepatocytes is well known (Bisgaard & Thorgeirsson, 1991). The
pancreatic stemcells of the present invention can be used to provide
hepat ocRersvil-diTrangferinagidon Cf Hdnerdarg StenoCelty | 1 ver di sease such as cirrosis,
hepatitis, qr hepatic cancer in which the functional nass of hepatic tissue
has been r &8¢ Eansiorprotocdpferaaneregiic gells caminaplviesefravaral apctorsiae therdelper by

gene t h%&?’y(z.é.?erfc%fﬁlgﬁ{m@de?&%% viral genomes which carry the foreign gene of i interest but is
unable to form complete viral particles). Other carriers such as DNA-mediated transfer,

ade;novirus, SV40, adeno-aésociated virus, and herpes simplex virus vectors can also be

) ) employed. Several factors should be considered when selecting the appropriate vector for
infection. It is sometimes preferable to use a viral long terminal repeat or a strong internal
profnotcr to express the forgign gene rather than rely on spliced subgenomic RNA.

The two primary methods of stem cell transformation are co-culture and supernatant

infection. Supernatant infection involves repeated exposure of stem cells to the viral supernatant.
Coé—culture involves the coinmingling of stem cells and an infected “package cell line” (see
below) for periods of 24 t0:48 hours. Co-culture is typically more efficient than supematant
infection for stem cell transformation. After co-culture, infected stem cells are often further
cultIured to establish a longiterm culture (LTC).

~ The cell line containing the helper virus is referred to as the package cell line. A variety of
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defect and introduced into a patient to restore hepatic function. _ :
Nestin-positive stemcells can be differentiated either jrg gﬁmng or-in .
vivo by applying one or nore growh factors, or other t at'ffent such as
transfection with a nucleic acid nolecule, that, results in.diff ;ltce}ﬁtiation

of paskageseliinesitesurentheayailablps da impartantdeatmsfithaRAC a&wﬂilméﬁw@
contenpl ates the .use of cycl m.ne to suppress, for exanple, sonic
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treatnment and the appropriate growmh factors can be provided in sj;tu within

t hehqratsteaimaysbdeyed with 5- flaoroarasil {5F LB prottoesiractiam 8- EY dspted sied €45 pe

treated with grow h factors, or ot her agents..ex.\ ' tl
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| VAT ABEEah bE HelotubANLERLA! ot RIRR) GHMiftoR thibdhion (B&EPRE Bell Sogene! ¢,
al | ogenei'c,. or xenogenelc stemce ?s, or ~any conbi nation thereof. Methods
of  fipticat(eal dnd Traasduktion.i Stadis veporethy ued of mowthdfactarsinaeasd tedpsEOrmeiongene
transfer into ﬁﬂncreat ic stemcells. Calcium phosphate precipitat.ed DNA
has eBisisncy fiem Hifo §8%ovides a | ow efficiency of transfornation, especially

for nonadherent cells. In addition, cal cium phosphate precipitated DNA
methods Oten result in insertion of nultiple tandemrepeats, increasing

the@ﬁfﬁ@jﬁé@,@gg}apfmggﬁm@ﬁdmgrm function of either endogenous or
exogenous DNA (Boggs, 1990). The use of cationic lipids,~e.g., 34 2 4 MAR

2006 i nThher pivo trendductippeibmawmmalign paucseatia stont eallsispd SHREABM of packagi ng DNA

for transfecti.n eukaryoti.c cells. . K r.al.: ' I tions of

ot SRR ndES oS! RciesS sl P B RS i S Bher B8 62

tr a@i}{)ﬁés‘i@i QR ri6hd ﬂi@h@g&mﬂm? thdiepropdnyicelk Bidisdeh ah@wn jar micec dlhe tdrgpthas t he

advant age of providing a single cop&éi nsert at a single:site i genone.
o

t he
Di r ecls are cultirad fr2-bdaysiin Brepresanee phesuiiableaigstos cortaiping the 250% O%eﬁ%r
met ho o%fégggne té’ﬁgif%\kg. It has, been shown to provide effici encji es of
neaof 9 Jrg ot p WederiPletinst ecti on, and 20%for stable DNA .

I nt egr atstpgglpc&% b IS G bl ARNPYARSSEE hiR8st&P e KEls dphehidembdls obdl | ul ar

t ranspor ogenous DNA through the cytoplasm_The protocol requires
s malBA M UmNCohiceiNetiomll Santar Insithto,Riviseon offcanicer Treamant Haimp! R,

an”ouFrll_é erigfc, 1\%’? %ﬁers cé:lfsl vlvére ;Pa%ecfi z?cial cietngit; 12 5{81i0m cglls\/i‘d éﬁi%fiéhyand cultured;;for
48 hours in Dulbecco’s modified Eagle’s medium (DMEM) containing; 10% heat~ﬁ1acﬁvatei
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, t. al., 1995). | 5 -
Concurrently, a viral package cell line was cultured for 24 hours. The package cell line .

used by Schiffmann, et al. was GP + E86 and the viral vector was the LG retroviral vector ba$ed

on the LN series of retroviral vectors.

After the appropriate incubation period, 1-2 x 107 stem cells wete plated ona 10 cm dis‘:,h
containing the viral package cells and co-cultured for 48 hours in the presence of 8 pg/ml of ‘
polybrene and under the same growth factor stimulation 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).
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pure popul ation of stemcells would inprove the feasibility of the
m croi njection approach to targeted gene nodification of pa&é&r MARi 2008t em

cells.” Mcrqinjection is t edi qus, hi ghl speci al i zed protocol, however.
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singl e-copy, single-site insert at very high transfection efficiencies.

QO her such trarisfection nmethods are known to one skilled in the art and
are conyjiglahgfl to be within the scope of this invention. Retroviral
Transformatron O Pancreatic Stern Cells Gene transfer protocols for
pancreatic cells can involve retroviral vectors as the "hel per virus"
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on spliced subgenom c RNA. -The two prinmary nethods of stem cel

transforyation ,are, cq-culfure.and supernatant infection. Supernatant
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further,. UL%‘Pilr ed to.ﬁgt a]lt})}g sh a #on}gterm@ﬁul ture (LTC). The cell line

cont ai np}?gogl YEfpablg solytion er ¢ pharmagepticaiiyacceptabls deleveix velirle, by ingestian,

vari et Yidctidg. 1 AR nhRF ' l.j.able. An
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repl i catdtpgragiongettont Areithee preferretsmethnd dmiajeetitoitiriripantreaticartay. eahother

ani mal s_or, tie é‘f fromwhomstemcells are harvested may be treated with

5- fluoP 'IPetE 118 ipiepiongr Rlgrement olcthe s¢lls of peeydorislst Hige agesegatesiinte thear e

nore su | ir | tis0n I ~Fl) stem

cells d%ﬁg??%%ﬁ%ﬁ?@%@%% hgﬂen%d%%g% ag C Q@%@d’g@ﬁ%&gﬁg@éﬁaﬁg J(])t?ﬁs) p g%%l\g@eaver. In

anot her “themapelitivelty off¢vaive dptel dais be detemhinsd, foydxanmploha edt limitéa td, Oisthglewt h

factors,, | . L .
of ebhancement of function (e.g., insulin production or plasma glucose levels). Monitoring

—t

leva::ls of stem cell introduction, the level of expression of certain genes affected by such transfer,
andfor 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
adn’:linistered in a single dose in the range of 10° - 10° cells per kg body weight, preferably in the
ran:ge of 10%-107 cells per kg body weight. This dosage may be repeated daily, weekly, monthly,
yeatly, or as considered appropriate by the treating physician. The invention provides that cell
pop.;ulations can also be removed from the patient or otherwise provided, expanded ex vivo,
tran‘jsduced with a plasmid é:ontaining a therapeutic. gene if desired, and then reintroduced into the
patient.

Pharmaceutical Compositions

The invention provides for compositions comprising a stem cell according to the
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such as those enployed to pronote proliferation or differentiation of
pancreatic stemcells. Gowh factors can be introduced %i‘%&?@% before,
during, or after infection to inprove cell replication gn ction.
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cul tplra@fﬂacfenhczﬁﬂr deeepisble ThicRAWKRUROWE it tHe'ai‘ﬁm aesfsks Bt dforam et al . was
GP + E86 and the-viral vector was the LG retroviral vector based on the LN
ser | aginistredern. oViohearness eoatde thef pharmadesticsd sompoesitions torkeufoamilsiedgéri od, 1-2

x 107, stem,cel.ls were at n a. 10 cmdish. containin e viral package
cel 80P, ﬂ{ﬁg?erg splsh, iR s PrSPhe BisscBostsion i i Br, O v e
and jHR4EHN b nffowt h factor stinulation conditions as, the donor stem -
cells” The ste cells were then harvested, washed of growth medi a and

i nj ect ed Phermaceatcgipeeparations fat oraﬁoﬁagmﬂaeafotazned th@ighedosbination ©f aeiivef or

mul tiple |néect|ons (total of 5_injections ﬁlther daily or i weekly). 36 2
4 MARTERGHBAS |ifh seld expipishie HP'@%‘Ithgfﬁngjtiqs HOE X r A RcsSIBg ﬂ?t emcel | s

nflgt | | |
c A e EaTnd, Ml AR50 AR SRS SR R SRR ST e
knowgorésd Suiebikexcipiehts aretdagbolyiratdinpratein NHeRBUCh dd@igady, endisdifiglaciee,or di ng

to the invention include any manmal (for exanple,
sucrose, mannitol, or sorbitol; starch from corn, wheat, rice, potato, or other plants; cellulpse

such as methy! cellulose, hydroxypropylmethyl-cellulose, or sodium: 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 con;:entrated sugar solutions,

L

which may also contain gum arabic, tale, polyvinylpyrrolidone, cartiopol gel, polyethylene!
glycol, and/or titanium dioxide, lacquer solutions, and suitable orgaﬁic solvents or solvent :
mixtures. Dyestuffs or pigments may be added to the tablets or dragee coatings for product
identification or to characterize the quantity of active compound, i.e., dosage.
Pharmaceutical preparations which can be used orally include push-fit capsules made of
gelatin, as well as soft, sealed capsules made of gelatin and a coating such as glycerol or '
sorbitol. Push-fit capsules can contain active ingredients mixed with a filler or binders suc:h as
lactose or starches, lubricants such as talc or magnesium stearate, and, optionally, stabilizels.

In soft capsules, the active compounds may be dissolved or suspended in suitable lquids, such
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human, nouse, rat, sheep, rabbit, goat, nonkey, horse, hamster?m&ig or
.cow). A non-human mammal according to the invention is any.r% ARt EME i s

T

“Admi ni strati ; ' %niﬁ;i! ; '

cells as Qesg%'r@é é?@?ﬁ%%%@br ? %gégﬁéég as %ﬁ%\%ﬁl.ﬁ&%g?lﬂ@eg?é %dr}]lgﬁh@mf

| nvent i iive @Bmpeumt M For $ihjectish, e plivempedutiesltcompositionsdf the imveatiotoinay bgi cal | y
conpati bl € solution or a pharnaceutically acceptable delivery vehicle, by

i ngest i formulated isagrenys spiatignspreferably dnphyisiolegicallyrcogpatble Basch as

Pt hod WLeul  selgiptRiERt, SORBOR o e ey el e, ARhATRARPAIS LEE
s 1 i eekbatios AR bytfank S Eh ifortise REHSRIP bP indl hiffersiBl aRLES | Nt 0

the spac ~ capsul e. The dosages adm ni stered Wil | vary from
pat i entsodinmaaiberymetay! cellbosepmubiialabt demfane Addigomitly etuspemsidns of dhecaativeed,
for exarz&égﬂtsbut not limtéd to, the | evel . of enhancene

or

b t..of f i
(e.g., Yrbésderdnelade &twpqibfsﬁ{lﬁh gb srsawe ofle Qe FaYhetiGHARY 391151%881’8?30 ' %)gnof

§

t d 5 athe | ' ' fected
by sucre P SRRd it SimEy, OBEBENT, SR HipchPRh Ty HEN G OO, °
wi |1 al sfaBRakiusiRneosidehtsashich iddi€asa tie dolubikitg! o dlie eitb@nds & alldwefatabages
adm ni stered. Generally, a conposition including stemcells will be
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I ght, f bly in.the .ra f 106-107 I bod I ght. Thi
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expanded €x Vhy pharmacanicalicoreghsitionk ofi thel resentlinyemtion may he manhBcapesiinic gene
if desired, and then reintroduced into the patient. . Pharnmaceutical

Conposi MABRE kpRwD; IR JRaAtE.h e phib earssof QS%HV@E}?B%’SIPW% 9‘%?8%%‘?3 »SEPIAlg, om cel |

accordi ng :to the 3 Al i_ i ' | aphyS ical l
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refers to-a phyphatRehfRhl sonskRRnaBRhEbEplovet a8 uahlt agd ol be forpledsytiat e
buffered saline, or saline, and further may include an adjuvant. Adjyvants

such asmamny acip$,dnetudifig duhvotslimigd toahydrochlaerig, sukfunih aeplittlactica taykarisu malic,

hydr oxi de,:. or al u re terials 1, .known in the art. .The inv L.on, al so

o1 ovi AeSCEes G TG P BRSPS 6 Aet e p B Alobepic Alvedy fighadtné
corresponding free base forms. In other cases, the preferred preparation may be a lyophilized

pow‘;der in 1mM-50 mM hiistidine, 0.1%-2% sucrose, 2%-7% mannitol at a Ph range of 4.5 to

et

5.5 that is combined with Huffer prior to use.

After pharmaceutic:;ﬁf compositions comprising a compound of the invention formulated

e

V ' l - -
in a acceptable carrier have been prepared, they can be placed in an appropriate container and
labéled for treatment of an?indicated condition with information including amount, frequency

and method of administration.

* The above disclosure generally describes the present invention. A more complete
undjerstanding can be obtained by reference to the following speéiﬁc examples, which are
prmffided herein for purposés of illustration only and are not intended to limit the scope of the
iJ:LVé::ntion. |
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I ngredi ents, these pharmaceutical conpositions may contain suitable
pharmaceutically acceptable carrier preparations which can be used
pharmaceutically. Pharnaceutical conpositions for oral adm ni str fion can

art suitable for oral- adm nistration. Such carri ers enabl e t he
phar maceuti cal conpositions to be fornulated as tablets, pills, dragees,

capsbRfion b HPosRl Srer (IR FronP kM Paias SUSPENS] ons and the i ke, Tof
i ngestio eparations for oral usé can be
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granul.es, .er addin ble auxiliaries, if desired, to obtain,tablets
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SUChy A BIARLE ROl i@%ﬁﬁ% uFHE bR ekt e SRERIGEL, Starch

from“corn pot a 'or’ o il 0se” suc as nmet hyl

cel milmseel,foh%immyw‘@ml llmtvbﬂ/b}at‘@|(Fﬁb@§ﬂ)43@lat&@$6¢fﬁn®bmmyh
cel lul ose; _and guns i ncl udi ng arabi c and tragacanth; and proteins such as

gel ¥tk Mhdhatdird Bemrtoaied wideegncawavalin éq rihsguittiergedinmsvas M ¥649 .agent s

i PR DRy o BB e DB B ¢, e

pr 0Vu§ﬁﬂjsﬁ°éﬁtd}n h, 10l uRiits/R A iR 81is,UCTs ﬁ’g%rﬁ aﬂ@ﬁaﬁeﬁ%@@m BRY, pift Ons,

whi ch may al so cont ain gumarabic, talc, vi nyl pyrroli done, “carll $opol

gel , Sqieicp dieplytodogy, Gaighersinirg, MY apd i % M ﬁﬂn@tpaptwe!m:lcll éﬁlgm,rStsbﬂ)m$,| ons, and

SUI t@gje organi ¢ solvents or solvent' mxtures. Dyestuffs or pignents nmay
éd to the tablets or dragee coatings for product identification or

t 0 char agfigrdeags R oBIERN hhd ¥hef ncﬁ'i%lei’ 1HARG cd f 1@6 smdRe Y

e. '
Phar maceuti cal preparations which can be use I ncl uge push-fit
c apsteneanawaliteA ebated stelis bnd thedslois Irémasec‘sﬂbdt;ngidaimdadhqmstd the sumfixbe).oAt gel ati n

B L e o S i i
starg Pﬁ&ddﬂf@ o eHiih s %ﬁﬁ&@c&aﬂh@gﬂm@ﬁ&% Amﬁquéétv?erei uﬁﬁEﬁlﬂI‘a' ly,

stabiTizeks I'n“soft capsul es e active conpounds nay |sso ved or
sus rﬁhﬂ dealei RPMLI1 64AbinedibimcprppEmented wid2 CngtmlBRbadOhbmblabiagrowtiofatter-21 i qui d

par a flg ?r I% udpolyethlene glycol with or wthout stabilizers.
Phar FSF parenteral adm nistration include aqueous
sol uti O”Phe%le&%hﬁx%d?&fﬁe%dﬁgée ofi s %15{& Al 2 s gtegﬁqxﬂ*aﬁ&% G Hb k:ts

conpositions of t nven fOr mu aqueaous so B ons,
pr ef inraahbdnolayer, phiyse ebiothaefoly aﬁﬁﬁmﬂéyeb{verdn&sﬁﬂpsﬂﬁv@by &ﬁmunostammg with

a rabbit anti-rat nestin antiserum developed by Dr. Mario Vallejo at the Massachusetts General

Hospital. Other nestin antibodies may be used, for example the R.401 antibody described
hereinabove, or the MAB533 antibody. A monoclonal antibody specific for rat embryo spinai
cord nestin, MAB353, ATCC No. 1023889; is described in Joumal oﬂ Neuroscience 1996;
16:1901-100; and also available from Chemicon International, Single.Oak Dr., Temecula, CA
92590 USA. After two weeks of culture, several (3-5) of the nestin-pbsitive 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 bFGEF-2 and EGF. The cells propagated at a rapidirate and reached
confluence after six days of culture. After 12 days of culture, the cell ;monolayer formed wav:t-:s
in which they begin to pile up in a co-linear manner. On day 15 of culture, the cell waves beém
to condense, migrate into spheroid bodies and by day 17 the surface of the wells contained thése

spheroid bodies (ca. 100 um in diameter), empty spaces, and a few areas of remaining monolayer
- 40
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Hank's soluti on, Ringer' solution, or physiologically buffered saline.
. Aqueous injection suspensions nmay contain substances whi ct‘z k&”ﬁﬁﬁaﬁﬁﬁt he
viscosity .of the suspension, such as sodi um carboxynethyl cellul ose,

sor bi vélils. Severabsf thase moolayer oellsl Were repinked sndrescloediang thaprocess desstibetht s or
-vehiclegs i'nclude fatty oi.l uch as ses oil, or synthetic fatty acid
est er SPOGIERIEE %§W%9XWBP@§YgmﬁmnF%FBP?%g§H33§? or |iposomes. Optionally,
t he suspension may also contain suitable stabilizers or agents which
i ncrease the solubility of the conpounds to allow for the preparation of
hi ghl E3XcAMIEE 2at ed sol uti ons. For nasal administration, penetrants
appropriate to the particular barrier to be perneated are used in the
' A known in the art. The
phar HEeHO: A5 AWHL LESIRECHREEENt i nventi on maybe manufactured in
a manner known in the art, e.g. by means of conventional m xing,
s v D9anGEARLRL fin rad GRARS(TRIRGh in 1A okt coRfthing 1 Wl
encapsul at1 ng, entrapping or [yophili1zing processes. he Pharmaceuti cal ,
conposbtine sermayushes quneavalin-Ascoateddl2t-welh glacsn The idles werk maibtaimedriy celcirds,
includ%ggébut not limted to hydrochloric, sulfuric, acetic, lactic,

t ar t arqrdbreggpysn the ghsepen ¢ addedgrowtisfictos pligrthen those sunpkied By faldovineaqueous
or other pr ' ent.s . I ' forns. In
ot hor "amd AhGHIAS pefbd Wihhe wiitn BE RIE L ERREIP RO M EfuiaRg 6" T

1Vt 5Grestvplates twithoEcordadavidia %0. SierstSe celBfvaiaigniintutdtedio frofRrdtengeadrah 4. 5
to 5. I's conbined with bufferblgri or to use. After Bhar nmaceut i cal

5 that
conpoé%ﬁtislé%sawemml@re\ﬁ@yaxmimdhm t@brEHe (28wafe) end EGE D asmal) fardda

" Eont aithd: A8 2 anicont B sRBHRR Vs Lalfthef AmPnE R e A PR o2 > ©
i nf or nE@ts sbrohdihy She 91N frohd BatSRulatiodReerEBicROFaf subBiched fitd Adw 92 The

above disclosure’ generally describes the present invention. A nore
conpl @&l plateindsagantituligradan theomeditmi coathining bEGERed EGR. cThersubelontdonallsg

speci fi ¢, .ex | eg, .which are rovid erein for r es of illustration
onl'y AT BRI P ABE e hf FLoppCath BTt arrorg o 180 ExaPLE
1 | sohaldypy, ofhdNedksibReRRS bdniient 3 85 £8hd theh sRifeBa PNV SRSof eftapditiy 2006
Rat islets were 1solated fromthe pancreata of 2-3 nonth ol d Sprague-Daw ey
rats vsllsrp dayd 2. =y d@gﬂﬂs eclth myigsdted almwst tisttelgasto sphxettabstructirys anddubular
Kost | 3 noc\ﬁfrlé 'reseHzlle 11r1]g ks?e!.t-%}kse structired E}%\é{lgcgldslet like aggregates) and duct-like structures
- pseudo-ducts) (Fig. 4). RT-PCR analysis revealed that the pseudo-islet like aggregates were
axpressing NCAM (a marker for endocrine cells, see Fig. 5), cytokeratin 19 (a marker for ductal
zells, see Fig. 5), and the 1Ian$cription factor brain-4 (a beta cell marker). Treatment with growth

factors is required to achieve ferminal differentiation to mature islet cells.
EXANPLE 3

Isolation and culture of human or rat pancreatic islets .

- Human pancreatic islets were isolated and cultured. Human islet tissue was obtained
from ti;xc islet distribution program of the Cell Transplant Center, Diabetes Research Institute,
Univetsity of Miami School of Medicine and the Juvenile Diabetes Foundation Center for Islet

I‘ranslialantation, Harvard Medical School, Boston, MA. Thoroughly washed islets were
handpicked, suspended in modified RPMI 1640 media (11.1 mM glucose) supplemented with
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by the D abetes Research Institute, Mam , FL using coll agenase digestion.
The islets were cultured for 96 hrs at 37C in 12-well plates (Falcon 3043,
plates, Becton Dickinson, Lincoln Park, NJ) that had beerf &odhRed(f§t h ’
concanavalin A The culture nediumwas RPM 1640 suppl emented with 10%
f et d0%total hevingserum, I1NMNMGTERES byffery e\l sboim piE@ES:, H 06 fUbper nilb penigifim

oL oS, 00 dpe ML SRAOPBIGH SEpte L2 S Bapy TBPbARHORE, S-S KMLB-
3- ' s . i st d
s SRR B A ulcth 3088t Siqt Mile b f1p 80 al Rad bIHIBRAC! S C

wel vatta@andanavalil £ (Cod L rerhaased p htich W idcuitRtedadnes Ersta%‘llq@wgh@ﬁﬁc e). At
this time, the nedia containing the islets were renoved, centrifuged down,

and aitfadR% G&4. i these conditismasmaany isletsremelnied in suspensidnt (Hoatedl wereas ng of :
Lin A..The is]et t,h tured i ; b RPN _ 1640

o R g eféels Wihen S Phesbintin, s S6E ofAUBHRIRS o1 -2 and

20 medi cotaiftiodRE SRberic® Midts %ﬁk%gl\}\lla}?@r%lbﬁcﬂh% iaedaﬁfe%éniaﬁumgepia&af ace of

t he pl ates, and cell's grew out and romthe islets in nonol ayer.
Thesad eeshspendpdin the mmdifieddRRVE Y640 media nowsfuithersopplemented with2Oungasiai ni ng
wth .a rabbi ti-rat_nesti | serum devel oped by Dr lp.Valle o at
t he SR QLATF<hrp amw%qgct%@ﬁﬁﬁéﬁng EpIHesm gngth?@mri(@%’o-ﬁﬂwtbe used,
for : _ ' ' el : B533

ant o B o B P R 0 PR Bl s M

nes whated MABIGM A ATHICishits infiRBE8K, adhered éstheishiabes of theplated. Withidesevearski ence

1996, 16:19Q1- ;og; and aLso avai |l abl e from Chem con_| nternational,

Si ngﬂﬂ%é&w ayer ebeRllS (fag obgsavedergwing eu andhavay fromdhsleats aoeraint ur e,

sev f 3.t |, N3 Yy : ed by

pi c%?%ﬂc&msg’t 59 cdggﬁli}?? gér?%tw{é?u%gﬁ?%% %ﬁﬁgg&@ig{i %%S%Ig gdé%]?ionwer e%rztta%@)tted' on the
12- gheiobe, phd sewrdlppswihdadteccombihativas clan ichlderachyina @ sM)fhepadeits t he RPM

1640 nedi um further. supplenented with bFG--2 and .EGF. The cells propagated
at &T%fg\if’éctpa 1900, pebietpsliulin GHA0 RI s theseerperigeh aipovbich eeliswere. After 12

o bl 30 B LIE Fea SRAI Sl B S1, °, 0

condense, mgrate into spheroid bodies and by day 17 the surface of the
wel Iz ggnt L ned these spheroid bodies (ca. 100 min dianeter), enpty
spa ; 4 few areas of renaini ng nonol ayer 40 2-4 MAR 2006 ;ells.
Several of these nonol ayer cells were re-picked and re-cloned and the

Pr 0¢2R% AR EIbARR dnd BIPLE off BAittlrefithtRAr Pah Bl AGhAUA! NE Same tenporal

sequence

Elevation of plasma glucose concentration leads to increased pancreatic islet size. The
effect of the glucose concentration in the culture medium was therefore investigated using ‘
isolated islets, which contain nestin-positive stem cells. Rat pancreatic islets were cultured ina
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 thres-
fold stimulation of nestin mRNA levels in the islets cultured in high ghicose compared to the:
islets cultured in normal glucose (Fig. 6). |

Similarly, injection of glucagon-like peptide-1 (GLP-1) into mice was found to increase
islet mass by 2-fold in 48 hours. Knockout mice having a disrupted gene for GLP-1 receptor
were examined for nestin expression in pancreatic islets. Immunostaining using a nexin antibjody

was found to be markedly reduced compared to normal mice with GLP-1 receptors.
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EXAMPLE 2 Differentiation of Pancreatic Stem Cells to FormlIslet Pancreatic
.islets fromrats were first cultured in RPM nedi um contaﬁ:l nﬁ %Og@getal
)ovine seru ﬁRSI ng concanaval i n-A coated 12-well plates <} é wer e

i nt aieigal Medptof Diabetey MeHithe days in the absence of added growth

-tfactors other than those supplied by fetal bovine serum After this

peri od, d“r'][' ?:glgﬂtscﬂtaﬁaﬂ‘ etbssﬁl‘éﬁlﬁxs\c}gﬁe ’ﬂﬂ%reﬁ%l%ﬁﬁ@hef&ﬁs s?ﬂnﬁ%o?ns"ﬁé sﬂeﬁ?ﬁ@ﬁ erred

to fresh concana e stem cel wer e t

sti mut %mﬂaltwhlplli okliibits astneptomt of diabetse It Bleohtengdated t’ﬂat’tthb ayiaal hwll ee:rpeas ag
themto bFGE-2 (20 ng/m) and EGF, (20 nghnl) for_ 24 After the 24 day
per i od;medeb forngenisyad prassdweswselid in trea&mrdgaheﬁﬂ@nm WHmags. éy&mnva t frepmgnts forg| | s

S QUG IR 3l Ehohe 58] Lonkt o ey RAPHL AL SRR 8 o
cont ai nidainéift & tRhikiFand DBSerop e tsC ghd Sompdiiig!thetaaTarimplsdb iniriiad a

nonol ayer 'in a clonal fashion, éxpanding fromthe center to the ?enphery.
The celdoptrblscane confluent at day 6 and then started to form a vvave of

overlappln el | d 17 th eIIs at tlrely
e St ot st B o R i Pt P e

struct H ]Tilﬂﬁ]t

;.pseud(L)E[1 %%ct H?ﬂ%iﬂﬂ a%nﬁ fé p%_trlﬁﬂ naI yslﬁgac?léefelgé dlhge’ltﬁét ﬁéer%gélﬁggg?%l et

| i ke agdrikigaj K92yAde. mmmzag aNGAdfetenceranited thdrein, kareiodudonporateiiby, see
ARSI SR KRS AIIRCEN S L MK
factor [ f t & sl et
el SRR ER gl %ﬁdé’ﬁ BBl GRERRL o) LRk FREHSRVE S| o1
““Human pﬁa@a@ﬁnwf f-sdlstvéhivieiseaissd bghesﬂrc&mdautunhhnmwﬁmdﬂsmﬁfha delveloptrieasefe was

obtained fromthe islet di r|b Qn progr am, of theg%f Trans | ant
Center, mﬁl%@pé% @éé@&?f@ﬁme micg fan, Be dividedgeu se%Hf

e <t il PGS %ﬁw@ﬁiﬁfﬂ%cﬁﬂ“{*ﬂ iSRRG flep %%f%'gﬁ%tf i e
islets mhetxoﬁamémtqmﬂmuslusmm&&dmmtmd)xﬁbm NRODImiteBepiniics with11. 1 mv|

gl ucose) supplenmented with 41 4 MAR 2006 10% fetal bovine serua
HEPES mgb@pmlmowwbwwmseabéelsambmab@ﬁ 151to A6 veeks ¢fiage the NG, @iﬁe 100

(3. e s PR B B i endhetl BEREoEL BRRABHEY Pl bonBR - P N
t hat h%éllb@@@t]ﬁ%h@@onﬂddghnﬁiﬂ@@ﬁﬁib@iahﬁre&s foGaod)ce shifeidns idtlinr Bpaiditidnon was

i ncubated ' for 96 hrs at 37C with 95%
insulin deficiency and hyperglycemia, diabetic NOD mice experience severe glycosuria,

polydypsia, and polyuria, accompanied by a rapid weight loss. Thus, both the cause and the
progression of the disease are similar to human patients afflicted with insulin dependent diabetes

mellitus. Spontaneous remission is rarely observed in NOD mice, and these diabetic animals die

o

within 1 to 2 months after thc onset of diabetes unless they receive insulin therapy.

i The NOD mouse is ujsed as an animal model to test the effectiveness of the various
methods of treatment of diabetes by administering a stem cell preparation according to the
inve:ntion. As such, treatment via administration of stem cells are tested in the NOD mouse for
their effect on type I diabetes. '

" The stem cells are administered to a NOD mouse, typically intraperitoneally, according to
the following dosage amouilts. NOD mice are administered about 1X10" to 1X10* cells per
mouse. Administration of 1:;he cells is started in the NOD mice at about 4 weeks of age, and is

continued for § to 10 weeks, e.g., 3 times a week. The mice are monitored for diabetes
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air and 5% CQ2. In these conditions, many islets remained in suspension
(floated), whereas fibroblasts and other non-islet cells attached to the .

substratum After 96 h of incubation the nedia containi rzg &R%gs)ended
i sl Ets was c%? efully renpved, . the islets were manuall

¢ o IRSRMAB A 200U 3 Wieels THAGH DRI oSOV RO PRI I IS AR NG 59 Bwa ent ed vith

or olibepea 6t He oL of LR APAAR, LR bSO RpuiF R,

vvel me@ﬁc@dded to 12-well tissue culture plates not coated with ConA. The
islets imediately adhered to the surfaces of the plates. Wthin several

days, aThepBeetivenessiof thsltreatnend msthods wé thegnsaition oo @zabawa imtha NP snic

P Bk AR T SO B et L‘E{ﬁap Pt} R%Pﬁﬂfactor

100
L B o W S

c halniselig deficiendy, dﬂwwghﬂDFomstam theHevealefiidnegintast (gsicosurislaranbeor gr owt h-

factors. EXANVPLE 4 I%E,ec s d ucose and A.P-1.on DO fferenél ation

PanBloapred vahs festane (Bli Lidty, IWOB% INpaadplagmaciesciswels it Bt maﬁltw@ ds to

| nCGaRRdBRRELP 3 Hibod GliSbse ey (MG, 1 f@ﬁﬁmfmt)*a?dgé HE02 By ntration
ere

in t culture nedl um was ’ NVES usi ng ed’i'slets,

whi ¢99$ aN§ PatentSs3IZEATOhdréin itcospcaled eyk@fereﬁeé M@ﬂmﬁfgturms g,mh@tssmmr e
cultured in a _medium containing high (16.7 %ﬁgcose or in normal (5.6
m\v) Plgsia glisoselevels by these mgthods, @@meﬂaxmn@ldemd etiq efterdwe cansseulivee | evel

f te th - f i t

o ML bR B TS R Sh S3F el B il Shchod MM Ish L "ot LT
cul (BuRE, 1999)@upR). AhswasRednEofassBying Siarﬁbﬂeéthi NOD MiceGé tdwkagfingl ucagon- | i ke
peptide-1 (G.P-1) into mce was found to increase  islet mass by 2-fold in

48 nwr@tlcm%mdmelm@éoﬁmwa exampley parcrepsivangulin Igiels canfbeapmied ver e

t t
o P M5 Bl St oGR8 BRR P ofioe LS M TR S 10RAE el
Wit Be:@ﬁnéor?@f‘a@é)iw&ferélﬁe)z T this MR, 2006, Ankiabied 288l molseDapbieiamdigl | i t us

Treatnents for diabetes mellitus type that result in relief of its synpt ons
ar e cenwsniggfiamis daterminedhy 1mhn@xmthmw5 sush ap by nalicinnginapssay sechniquess
contenpl ated. that the a will serve as'a nodel for agents and
prowggwgs?]g@?ﬁ?aﬁﬁs?’?@& ing diabetes in humans. Potential treatnents for
di abet eg sIki4MES RO @qcbb ke FrHHEYIRH 1h Berdd?fl, B efBlts BPHRlnRMtive
adm ni stering the potenti

methods of treatment are also momtored for gene-specific or gene product—spec1ﬁc effects if the

()

stem cells administered were transformed or transfected with a heterologous gene, thereby -
allowing a correlation to be drawn between expression of the heterologous gene and its effects on
diabetes. For example the presence of the heterologous gene product may be exammed by I
1mmunohistochemlstry of the pancreatic -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 detection of the RNA transcript for the patched and smoothcned receptors.
Reverse transcription-polymerase chain reaction (RT-PCR) amphﬁcauon is performed by kncawn
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 patched or smoothened RNA by hybridization of
the amplified fragment with a radiolabeled internal oligonucleotide probe for the patched or -

smoothened genes, or by other such methods as known to one skilled i in the art.
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treatnment to the animal and observing the effects, and conparing the
‘treated animals to untreated controls. The non-obese di abel i M ARNGRIE mouse

is an i It del of type | or insulin dependent diabetes nellitus and
s a pmg‘hgorel evant nodel for human di abetes (see Kikutano and
“Makin, 1992, Adv. Inmmupol. 52:285 and references cited therein, herein
i ncor p%ﬂhﬁﬁb(ﬁ*’osﬁ%ﬁiﬁ?ﬂ@ﬁﬁﬁcﬁhﬁ of BaxEh PRERRE hBnak YRErat ci’é%ﬁtc%&ni éblﬂé'w mce

occurs spontaneously and suddenly w thout any external stinulrl.
m ce develop di abetes, they undergo a progressive destruction of (3- cel S
which is ca w;nslefe weonanalyzad Sirmesifreexiiresime Islath endisteml efirmete isflated as

,{RE“ELQ@%?&&"%%WE 7 GrRion o PR RO ROy RERSEL B g i F AAHES on
in the ﬂb’fﬂ‘rdtﬁ)ﬁtdf%ellﬁvﬁhﬁ)dp%lgghg iS50 Pﬁ%bﬂyﬁ+yceﬂ1 m%@&h@aﬂe@%@% [

di abetes.” .Diabetic NOD mce b life w eug
gl ucoseSA paral ip islbigtof lﬂ;e aglols @Bndrﬁast(poﬂtﬁat&b@(days)‘ (Fég 8B).hEniNGhbeytahemivahr t

Eiﬁg?‘eas?qxe{rfé kg Bleneor  cspondi ng | ‘n‘SLI "Iy of the pancréas to |
Pyper ol ycem Gt BeaisnR 6 hfrprkhel ol Aol Bnic By 6y sGh SRS lingrsoia o

and polagunélpas esiRongrefixed wath 4% papiforiiiehde i@ pBospliteS CARE tbrd Hist ‘bﬁiéké‘d and
the progression of the disease are simlar to huiman patients afflicted

wi th i reigh Bk a@peaidi@nkemsmtfes% min ai 1003 teBporauneend dnqubaied svitinpiimanyar el y

ofrer g aliuee i 430 dhiefete ik Bl ut ShSmd nchbRabyl e Ron
et hoad SR £ 2 gy ”‘?5*"%9“’ Seopdnd Shlinerd Rl bl ot SEIR RS MRG0T

accor diwgretthert Wwasheid nmﬁnPBS and éé\lﬁsliﬂpﬁd twicteflumrdicent Mot ifignhedial (Kirke@dargt em
cells are tested in the NOD mouse for their effect on type | diabetes. The

stem C@Pﬂsf’e&WeL%]lﬁmGﬁi@?@P%, MD): Tspaisgtiens worsiisenbatediavernighint 436G ewtt v,

110" bl i Qo MR AR bR o oo B A CURRO R UBR G

t he NORyifi' 8¢ ﬁémsi’d)%hkef# 6Ral Forof0 A at HBEh tefipefiite Heft#€ ShduBhtich Wih aenmge

e.g., 3 tines a week he m ce are nonitored for di abetes 43 2 4 MAR 2
begi nmang-@yS élndtnnarhs:@yme&)sawfelthgleautbgmmm plgs(mdlmManfe-muse ¥gletagany @rdi ng

Lgn;[)gflag %8? ﬁﬂg%?cn @raﬁl%’f%gt(é&f'son uno I:scgcga[,aggpator?r % ees% rg%er,]ed by

PA) for 30 min at room temperature. Slides were then rinsed with PBS and coverslipped with

fluorescent mounting mediym (Kirkegaard and Perry Laboratories, Gaithersburg, MD).
Fluorescence images were obtained using a Zeiss Epifluorescence microscope equipped with

an Optronics TEC-470 CCD camera (Optronics Engineering, Goleté, CA) interfaced with a

-

PowerMac 7100 installed with IP Lab Spectrum analysis software (Signal Analytics Corp,
Vieﬁna, VA). '

- The nestin-positive cells are distinct from B—, o, 8-, and PP-cells because they do not co-
stam with antisera to the hormones insulin (Fig. 8A & B), glucagon, somatostatin, or pancreatic
polypepnde The nestm-posﬁwe cells also do not co-stain with antisera to collagen IV, a marker
for vascular endothelial cells (Fig. 8C) nor with an antiserum to galanin, 2 marker for nerve cells
ora #nonoclonal antibody to cytokeratin 19, a specific marker for ductal cells (Fig. 8). Nestin-
positive staining is associated with distinct cells within the islets clearly observed by nuclear

costaining-(Fig. 4D).
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NOD mice. The effectiveness of the treatnent nethods of the invention on
di abetes in the NOD mce is nonitored by assaying for diabetes in the NODQ
mce by neans known to those of skill in the 4rt, for §>gl‘a | 9 ﬁxam' ni ng
the NOD mice for polydipsia, polyuria, glycosuria, hypekg M g and
insulin deficiency, or weight |oss. For instance, the |evel of urine
gl ucose %:‘]gcosuri a) can be nonitored with Testape (Eli Lilly,
' Indi%&h&' 6 IN.) and plasna gl ucose levels can be nonitored with a
A uconeter 3 Blood d ucose Meter (Mles, Inc., Elkhart, IN) as described

by Budd . 1999 L) ¢ ent 5 hi darcor por at ed by reference.
Moni " e J"aﬁﬁg sgeif ol P s by these methods, NOD

mce are considered diabetic after two consecutive urine positive tests
gave Tedtpgmfival the Smefunddyicihehiicb RlentficaicavTacginepsessioa\is pancr@be . ny/ dl |

(Burkly, 1999, suc{)rakT Anot her neans of assayi tr;?Bg%abet es in ngl;T ceisto
exarislals, wppadeoned an RTSRER of ithe rgsin mRINGmsiHgtet A pregasddrom freehl¥at i ¢

i nsul i evel.s can.be exgm ned ' noassay_and. conp Lreated
and stfled G ipis 254 et PSS, B NRS 288 A foobRRE e RORAMRG £

ref gh&@pge) - In this case, insulin is extracted from nmouse pancreas and its
concentration is determned by its inmunoreactivity, such as by

radi oi mmifugalseHylat RMNvoipeppesed fromiragprinues islesuvisrenersatranseritied and Iin
addition to nonitorin

g NOD mce_for diabetes in general, the effects of the
v caatifiod Dt dar 31 Cxalesais A ST e GB DL LAl | DS EROTHOTh o or
J facte i . A g ,
Or anoPerataT39R s Th b adieRSlifelsed REpupbRTy R A RS FERCERIC L

cor rgbbdsi foN sitRenf SavBeMBIvEgbriakaies atedon of the heterol ogous gene and its
effects on diabetes. For exanple, the presence of the heterol ogous gene

prodRatmesty be exarkorsardys gegespessidogigschiedistry of the pancreatic (3-cells

of NOD mice for th(éﬁ%'ene ﬁl; oduct and for ipﬁ%:,[i n.. The expression of the
pat ched and snoot henef JenfeetREpeaEAREIEa8E M eéd in NOD nouse islets by

detection of the RNAvbi@Rsion, B%@&%aégﬁ%aﬁ&foﬁt‘?@@aﬁ%bgﬁ%@hened receptors.
Reverse transcription-pol ynerase chain Tteaction (RT-PCR) anplification is
per fRatkerhiinyl %k nown Foreand, 3’ ecagogigtatitcaaghecdgment of  nouse patched ar

snoot hened cDNA, and anal yzed by agar ose . gel electrophoresis, according to
standard neans. TheREWER: P GIEIGICASHACERACEHE anpl i fi e cDNA fragnent is

confirnmed as corresggnding: 10 st ' ed RNA by ,

hybri di zati on of tﬁgﬁg%l%%%’ gégﬁtggﬁn%%%&ﬁéép%gﬁf abel ed i nt ernal

ol i gpauet ARt de pr opgrvadd, 5’h@g¢E:a%%ﬂgggtcmags;rroot hened genes, or by other
ifTlTe

such net hods as known to one s dinthe art. 44 EXAMPLE 5
Reverse, 5’ttaaacicetgtggggtigg3’; '

Hybridization, 5’aaaccagcageggatctcagtggigtggaacgatgall’.
Rat IDX-1 Forward, 5’atcactggagcagggaagt3’ |
Reverse, 5’gctactacgtttcitatet3’ j
Hybridization, 5’gegiggaaaagecagtggg3d’
 Human nestin: Forward, 5’agaggggaattcctggag3’; ' :
Reverse, 5’ctgaggaccaggactctcta3’;
Hybridization, 5’tatgaacgggctggageagictgaggaaagt3’.
Human keratin: Forward, 5’ctittcgegegeecageatt3’; .
Reverse, 5’gatcttcctgteectegage3’;
Hybridization, 5’aaccatgaggaggaaatcagtacgetgaggd’.
Human glucagon:  Forward, 5’atctggactccaggegtgee3’;
.Reverse, S’agcaatgaattectiggeag3’;
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2 4 MAR 2006 | munocytochem cal identification of nestin positive human

. anhd rat

pancreatic stemcells Pancreatic islets were anal yzgdqffprgngstin

-

expression. Islets and_stemcells were isolated as described above. Nestin
expression was obser vedlybyidizatiom ScsacauiBatiiEagREacatciEaRgRedn a di sti nct

- ‘popul at

(E16) r

ot paniEr e sefbolbg 106 B8 Witk oo Syt Eb Ao FaeP Bl Bt ©

-

=

(post nakege®. daya@Nitloni, tr REBhinuk EORPEAICHAHR0 T57 £B5t safbRisNIPTR WaAHnp Skt med

as fbll

OWs. Cryosectlons ( prepared from enbryonic day 16 and adul t

(60 day$4Haforphmin &lteweddy %éH foale(sectsl $8i66r€ ﬂbr ¥@eeosj T2’ Q4f6r 1 min, 35 cycles

par af or
donkey
anti ser
i ncubat
1 hour
cover sl

& R L ARE Bl FoRE RS SE R Fver e 20 o B

lgp?ﬁ{ H4C. The antisera were ri nsed off with PBS and
ed W respectlve Cy-3 and Cy-2 | abel ed secondary antisera for
at ' r opgt Sewthemaiybridizaton defonueleotdd frobesrreteaddiolabble®REthely!

i pped with fluorescent nounting medi um (Kirkegaard and perry Labs,

Gai t her p@lun@lecwmf: kirrise s0d'y 4R AT nBadiclabeled pribes svtrolyhridizedtto RCRigrodineth

pI’I mary .a

sl i des

ei t her

WBE bacsBitermetefiecfo TalonThrmvRIRe RN oy 106 Pl R0y 6D VASHEAR | B SN

SR A A LG g L PR

(sonat opfodutts) sera DTAF (Jackson |Immuno Research Laboratories, Wst G ove,

PA) for
cover sl
Labor at

camer a
i nstal |
Vi enna,
PP-cel |

i nsul i NPPSERYE, SIER

30 mn_at roomterrperature Slides were then rinsed vmth PBS and

i ppea?hwR{IhPCRJ groeratrdarodussuet the gom@lnm@&teﬂw@e(&m 8%n ypparrpagels)

()zar o6 "L i SRpimeh R SR el harik (R &5 Tver e Eind 1 Prel it ) °

(h@%bdﬁt'tsc STHES! dafSddnithstrie ied ﬂem@ﬁ)aﬁbﬂ o Efnéﬁf%ll‘g}rﬁéqm anﬁ’l‘é)f&d Res 7 1 00

ed wth I P Lab Spectrum anal ysis software (Sign Anal ytics Corp,
tha\pxpraises nessini and maegi teprosent @hlidetapleripatential sterrf cabhsimnilar, toethe nStin- and
s because gﬁ o not co- stain with antisera to the hornones

¢ 3/ R ARTVOUs S8t at i n, or pancreatic pol ypepti de.

The nestin-positive ceIIs al so do not co-stain with antisera to coll agen
IV, a marker for vascul ar endothelial cells (Fig. 8C nor with an

anti ser
cyt oker

HEXAMPEAE 2nin, a nmarker for nerve cells or a nonoclonal antibody to
atln 19, aspeC|f|c mar ker for ductal cells (Fig. 8). Nestin-
[ 'th dlstlnct cells V\Athlp({ Iets

o) P = 1 S envc

eBE —Dosmve cel

Human 1s1et—der1ved NIPs contain a substantial subpopulation of SP cells that co-express
ABCG2, MDR1 and nestm. Nestin was first shown to be a marker of neural and muscle
stem/progenitor cells (Lendahl, et al., 1990, Cell 60:585: Zimmerman et al.; 1994, Neuron
12:11). Neural stem cells éspecially exhibit a high degree of plasticity giving rise to neurons and
different types of glial cellf;. Neural stem/progenitor cells also differentiate into hematopoietic
cellél}, which would make tﬁe1n truly pluripotential stem cells (Shih et al., 2001, Blood 98:2412).
The best examples of pluripotential adult stem cells to date are those derived from the bone

arrow so called side popu]atlon (SP) cells (Goodell et al., 1996, J. Exp Med 183:1797). SP
cells have been identified by their property to effectively exclude the fluorescent vital dye
Hoéchst 33342 and contaui the vast majority of bone marrow repopulating cells. SP cells
represent 0.05% of the whole bone marrow of adult humans and mice, and apart from giving rise

to all hematopoietic lineages they can also give rise to skeletal and cardiac muscle as well as to
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45 2 4 MAR 2006 EXAMPLE 6 ldentification of nestin positive human and rat
stemcells by RT-PCR To confirmthe i nmunocytochem cal identification of
nestin expression in pancreatic islets, we performed ad RMMCR% the

nestin mMRNA using total RNAgﬁgrepared fromfreshly isolated rat islets and
hurardatieglisi cellsqSmssoniRet 2CRI%h Napaeidl 386 Jacksondt alg 2001..helin &e8wi ng net hod.

{r ad QL0 T TR R GRS st p G (ERBY s Bt R0 GH BE )
( Dapk & mdfbr Amponéitt th&8P PhERPOR oﬁgt?:nﬁ Fibledd B hrearkte s?é&iﬂ@ﬂzc l.eot i des

used:as primers or anplifiers Tor the-PCR and as probes Tor -subsequent

Souidestify $P-oells(Kim etiak a2002) Clin €anBat Rav822; SchdRetbekgetad. Blobd 99RA7; NCAM  Rat
| DX, 1 H tin: Kk tin: H I - F d, ..

5 o B0 U g e 51038 Db, e U GRS Bt ey, |
E‘y agé}g%%ggq @@P{%%tgg’gccg' E &g]%%tsat}a'f’ 5@%% cagcégg)g%ggg %légeéd% rdl'di zati on,

5' t 9GA128) bertaced Bidlprpfaiig pluag (MDRA) Yaicdon b bagasiiagodhgeatnaat 3' ;
Reverse, 5' ttaaactcctgtggggttgg3’; Hybridization, 5'

: n, o' :
aaabtesyparsieyel TN stank oplls it whaasd smngatBting rRibvavive (Bustingt thgd{2adgiaagt 3'
Rev%ﬁbgzo_g:lgct actacgtttcttatct3' Hybridization, 5 gcgtggaaaagccagtggg3’
For dr gaggggaatt cct ggag3'; - :

NIPs, linked to neural stem cells by their expression of nestin, also show characteristics
of bone marrow SP stem cells, by virtue of their expression of ABCG2 in a substantial
subpopulation of NIPs identified by the Hoechst 33342 exclusion assay. This side population of
NIPs also expresses MDR-1, contributing to their continued expansioﬁ in vitro. Thus NIPs may
be a poténtiai source of adult pluripotential stem/progenitor cells useﬁéﬂ for the production of islet

tissue for transplantation into diabetic subjects.

Human pancreatic islets were obtained from the islet distribution programs of the Cell |
Transplant Center, Diabetes Research Institute, University of Miami School of Medicine (Miami,
FL), and the Juvenile Diabetes Research Foundation Center for Islet Transplantation, Harvard
Medical School (Boston, MA). NIPs were isolated as previously descﬁbed (Zulewski et al., 2601,
Diabetes 50:521). Briefly, human pancreatic islets were handpicked, incubated at 37°C at 5%
CO; in concanavalin A (ConA) coated culture dishes in modified RPMI 1640 media
‘supplemented with 10% fetal bovine serum, 10 mmol/l HEPES buffer, 1 mmcl/l sodium
pyruvate, 71.5 pmol/l B-mercaptoethanol and antibiotic-antimycotic (Gibco Life Technologies,
Gaithersburg, MD). After 96 hours floating islets were transferred into fresh media further that
was supplemented with 20ng/ml basic fibroblast growth factor (bFGF) and 20ng/m] epidermal
growth factor (EGF) (both from Sigma, St. Louis, MO) in new plasticfculture dishes without
ConA coating. The islets attached to the uncoated plastic surface and within several daysa
'monolayer of cells was observed growing out and away from the islets. Cells from the peripﬁcry
of the monolayer, nestin-positive islet-derived progenitor cells (NIPSj, were transferred to a ﬁew
culture dish and grown to near confluence under the same conditions zis above. Cells were ﬁlrf;her
split into two culture dishes to perform Hoechst 33342 dye exclusion assays with and without

verapamil, an inhibitor of H33342 dye transport (Goodell et al., 1996, supra).
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Reverse, b5'ctgaggaccaggactctctad'; Hybridization,

. 5' t at gaacgggct ggagcagt ct gagggaagt 3' .  Forward, 5'ctttt cgcgﬁ %%ﬁ%gﬁﬁéé 3
Reverse, 5"gatcttcctgtccctcgagc3d'; Hybridization,

5' aaccat gaggaggaaat cagt acgct gagg3'. Forward, 5'atctggactccaggcgtgcc3';

" Reverse, 5' Ryoagt aeﬁbﬁﬁfa&émeaqﬁemﬁ%f%ﬂcmm@@% e'IﬂT—P@R—%dherated

5' cacgat gaat t t gagagacat gct gaaggg3' . Prinmers were sel ected from
di f f er eBNAeproductayes. seqmchbaﬁsebdwatto be identical é5861hpsb>m1th thai@ﬁ theruman ABCG2

Sae | &@ﬁ%ﬁ%&ﬁ@ﬁ%?@z@ﬁ%ﬁ Fighe 18D (BRB/neb Py Sevambiot ber o1
mn, Yt Bsion g!gﬁkfa 07131%]5 RB 5bc &M@%'M&E@%@E&E@%&ﬁ&)ﬁﬁ%@r

rat nestl n an n| ng primer pairs out
hybri di ¥).on ol i gonucl eot i de probes were radiolabeled with T4

pol ynucl eoti de. ki nase_ and g32P ATP. Radi oI ed prob re hy d| zed to
PCR product sSKNéq¥ HEs talatedsfsom crlgped BiPsas wel %@%‘@iﬁsﬁﬁ%g%ﬁ?\gﬁ agd ngn-® for one

10" 00 YERIFEHES w19 pd0 s roshellive) Aol FricPlaibil) o pgTdimiluttbarels SOC

pr oduct grofifeol. h&ngl@rsh@ﬁddcbbmﬁﬂ 6hag hﬁﬁe Wlﬂﬂhé Bufersépt Htﬁtpﬂiaﬂdéﬂy@ieﬁv) (Invdfrgenper e
confirnmed:by Southern blotting (F| I ower panels) and

sequenct-ardsbad, CﬁheTb? el dis gereriial dEnerase ehpirerepption @@Bg-l fCoatelson of a

an' of ovid R Erk AR T s%ﬁ%o@h?%ts9019%0?%@‘?’?;5@%%#%0%52295 Rl e
cells iweﬂe%agem 153% Me\geu&emh&@ms EXAWR darréot; 1'&@11\‘&? Bf grRAeRE eak confirmed

~transporter ABCR 1 s expressed in nestin-positive cells derived from
{ yancr eaby sequetaing Templatei conesnirdiéensveete mealtzcd ffori GABDELBS opieies)a ABCG2,

vaer MBI fudhesth pirte a6 BT A Bt Rl PR Tor cel | s
( Lendahks Ngea%%, ga,gtc&%%g]au@%@ aR95%881g g%bem%ég@ga&%cﬁlforem% Neur on

12:11). Stem cél | s-"especi al 'y exh h degree of plasticity
giving § agggggaaﬁbcﬁgga@ and 5’ctgaggaccaggactetcta3’ for nestm, 5’tectggageggttetacgac3’ and

5’gggcticttggacaaccittica3” for MDR1 and 5°getggggtteteticticetgacg3’ and

5 ’ct‘jaccccagccagtgtcaac?a’ for ABCG2. PCR products for ABCG2 were fransferred to nylon
menﬁbranes (Hybond N+; Amersham Pharmacia; Little Chalfont; GB). Blots were hybridized
with radiolabeled, cloned ABCG2 or MDRI1 probes using Rapid Hyb Buffer (Amersham)
following the manufacturers protocol. Primers for the full open reading frame of human ABCG2
were 5’tattaagctgaaaagataanaactetce3’ and 5’atgtgaggataaatcatacigaat3® (base pairs 174-202 and
2184-2207 of Genbank seq‘ﬁence XM 032424).

.\«'W/.‘

EXAMPLE 8

1.5 to 2% of cultured cells have a side population phenotype in the Hoechst 33342 dye exclusion
assay. - '

NIPs, linked to neural stern cells by their expression of nestin, also show characteristics
of bone marrow SP stem cells, by virtue of their expression of ABCG2 in a substantial
subpopulation of NIPs identified by the Hoechst 33342 exclusion assay. This side population of
N]P%s also expresses MDR; 1, contributing to their continued expansion in vitro.

To investigate whether the expression of ABCG2 lends a side population (SP) phenotypé

49




different types of glial cells. Neural stenm progenitor cells also
differentiate into hematopoietic cells, which would make themtruly -

pl'uripotential stemcells (Shih et al., 2001, Blood 98: 2442MAR 2088 best
exanpl es o luripotential adult stemcells to date arge t deriyved from

t he fh¥fee oﬁ@? FE\W& DR Hasghss P32 shyig grelupion agsaps W@@Regfomg’g%@f’wm&tﬁ% . .
199 J iy : ' toxf i t rexi

pr o Ieﬁr) 33} &é‘#@gé@g@%@ﬁy&@’c*%@é@ ﬁaé @?@%@%@gﬁﬁcé%l Tﬁuéyeg(gl é‘c"'@%g 33342
and Huettish 342 d@yey fhichrarifiaed ﬂlb’gmﬁpbt%ﬁﬁalrﬁﬁid Popula€ipe PSF)aifhepawpbietic stBl cel | s
represent 0.05% of the whol e bone marrow of adult humans and m ce, and

aparcells tsonedjatod by the ATP-hinding cassastedransisirteri ABCGRe Mesapamilayascisad 88 80 gi ve

ri se_to.skelet al rdi ac sScy as to 47 2 4 MAR 2006

end(‘)??%ﬁ‘flé]ﬁ‘b%‘gfPgﬁ?é@%?ﬂw@?@?oﬁeﬁf@g%kéﬁf%a 401: 390; Jackson et al., -
2001, J @hieMoeBNE e eddhisidady wad nb FoHOWInB Whd SofReBGIG R deNl 3NalP9dgr ABCR
(BCRP1) has been déenonstrated to be a major conponent of the SP phenotype,

t husuprhfwith thy modificatinn that staining wae perferoieid wlzld the celisemare stjil Smncbed tostheKi m et -
al ., 2002, .Cl i ncer Res.8:22; Scharenberg.et..al ., .Blood 99:507;. Zhou et
al | ,0“1366%}8%6%5%?1 S s HiERSHLIDPIotE? %%%Pﬁ?ﬁé‘ﬂyéﬂhe%?%l’%‘e@ the

Vi . s . . ) ! ) " 000,
Bl oof 288! igiRBLin whith AR i shij B KAl P b Engich, MoscRa ot (QemBlud. -

P- glagideito ahegrowh med{aMDR-finkl édno@ttiation bfi5 gkt andcsliwaeidcabstedfr9e in  the
expansion of SP stemcells in vitro and repopulating cells in vivo (Bunting
et apinutegigl *CsWhere iglicated, yeraparpil ($igma) wap Sahinutes priosiodhe Hartios by

t heiy expression of nestin,.also show characteristics ., of .bone rrow SP

st ol 5P| & Hpa! goncenizatian g Aol Pk aabyi el e YTz B | o) —-
sub : ' | L . 1. 5 EXGoHRioan assay. This -
Si dgﬂgg%%% g? Pgﬁé%ﬂﬁﬁ%g&gﬁg%b@ﬁ%gslggcw,ﬁ c%ﬁa?l?l uti hgﬁitog t heir
contcomdighELprppidtnt Rodide {Sifma) at 21agl ddnBantrativn 0B 2 pgr/mbloe tel didcripdhiativa off adul t
pluripotential stem progenitor cells useful for the production of 'islet

ti sslaed ¢adls. Flam spometntas donnema Yaniege and 3 Msiflowt eell sortapisingmBVdasardor s| et s

Contur 28 HosEhRas i Rl iRt ea e P ERGED off i ZalRalet "o ci ne
(M a¥dre usellfby artitghid inQindbivehdd. € Di abet es Research Foundati on Center. for

I'slet Transpl antation, Harvard Medical School (Boston, MA). N Ps were
i sol at ed Blworpscengenetivgted eslt sartiegi(HALR )ehowed ecleatly visitdodide populttemeFigs0: 521) .

LS BT B G G e Bl S e
gﬁg :07\11% ggﬂgiﬁ E%@%%a%é%f%%%%& AP BRMireSindSpdtidenthPadiFed /the plebieadudel er, |
SP-positive cells was 1.5 and 2 percent, respectively (data not shown). We also amplified the
full open reading frame of ABCG2 from NIPs. Cloning into an expreésion vector and
transfection into IN'S-1 insulinoma cells-resulted in effective Hoechst 33342 exclusion in

transfected cells (data not shown).

EXAMPLE 9

The SP phenotype correlates with the expression of ABCG2. MDRI1, and nestin

SP cells and non-SP control cells were isolated from cultured NIPs by FACS (Fig. ZOA;
gates R1 and R2 respectively). Expression of ABCG2 correlated well with the SP phenotype as
shown by RT-PCR (Fig. 20B) and Southern blot hybridization with a cloned ABCG2 probe. RT—
PCR and Southern blot hybridization demonstrated expression of MDR1 ((P-glycoprotein),
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pyruvate, 71.5 nol/| (3-nercaptoethanol and antibiotic-antimcotic éG’ bco
.Life Technol ogies, Gaithersburg, MD). After 96 hours fl oat2rig MM @885 were

transferred i fresh nmedia further that , was suppl emen ' n
basi . rPBESEAIECgH ERCAPl: RuisbbintBeseetti botRbeRiE AL RIS ROt arf RPRLC, o
" (EGF) (10t hchy 8678038 the S¥-frakifiiof culhded NIPQ?’&@.I@OEI The SPautieh SlicHigtessed
wi t hout ~ConA coatl ng. The islets attached to the uncoated plastic surface
and wi ttiestn sevmaiedlychighe levebihan thearoneIP engittods (Kegs 20B$er ved growi ng out and

eati ' posi (NGRaRGiveael Jetref PRRUATR PiRsieRke FRepa Pl o YR Pl 1
a new ik U froll ABCROGAIRU dBidleRII ORRbAER fEndiEI Eodddf cBiRIHE NG L Ons

as above. S wer urther sp Into t culture dishes to perform
HoechstcoB@Bdion by & BGG2E axprossicmswitty the WPt pheaoiypabdriforts the/fndipgnthiat ABEG2

i nhi bitor of H33342 dye transport (Cogdell| et al., 1996, s prg?%. 48 2 4 MAR
2006 RTACHOY icripaior capenenk af @s SP e eBRx(Ki , Soprag Schagenbergi¢i al., supra;

. RT- PCR- ‘ . ' ' 586
bps) i A S R gt R BRERR BRI a RSBt G a8 00
18)) (Epg@efypqnagﬁ@m);tenm@gwopcajspt hybri di zati on with a cl oned ABC&X
probe confirnmed the anplifrcation of the correct cDNA (Fig.  19A). RNA was

i sol at ed fr oFhecSR celt Bactionmas thesbone marepy fnrdiffersot mansiiag spacies inpduding - SP
trol.s (5000 and .10, 000- cel | pect j.vel ing Tri '

ol owi gPREORERGATC FAT BTt SRR ptenti Tattae bl it EiuaERE Blondeiet

the Supgr$6¢7, ﬁﬁ%ﬂé}.r Phe HrfeARHaDESIYBNE hidoW-888/2d SPCRIIL SRA Linfitdll 1o Blaed c DNAs

_were anplifie y  pol ynerase chain reaction (PCR). Controls w thout
{y ever sdirieagess or dmpnabmodelREPcolit aled differatiatedo sleelétal and] dardigrmussircasiwalkas PCR

duct ) I d b t h ' d th

Pent | §patieliloatle (Soau Fahifreao oo tanimcfal, s LhrdmShEEHRR ons

wer e “%g.ﬁhi%ﬁ?g&&r m&%?@'dgﬁ% Gt LOE diffREGRe indYHRctidRsl URER ahd LiG'cBlls

anplified - wt 4, 38, and 36 cycles respectively. Prinmers were:

5't g4ag@rajngngttﬂa@gg@,tﬁcﬁagg§ 392:&?&:5; B‘agamgetgij;g?@(ﬁ], ghg?fee’cﬁawt&_}ﬂ' f or GAPDH,

5' a%a aattcctggag3', _an e acca (o a3" for st.i.n,

5 toet goagootia panenats cein e HOCHRERTT S 20ck at ek 30Tl iiheriha et

5' gct ‘ \< o et L . PCR
ocuc LB it GphEhé fEHIN@ S Al (Godiell REETOBACERMIEARS, o cBip RIS

products T were transte to nylon ranes

Arer s hapsrédntapeadiS®; cells ist foendinatuitores of fBjcle Bitellite vubls ewhigh aiedionsideredvta be

radi ol abel'ed, cl oned ABC& or NDRL probes usi n‘g Rapi d Héb ﬁuff,e,r Aner sham)
f ol | owi MHOgeRE pragemtost Jpdsen ptabs 431, Pres Nagd dsa S ARRA4EE) | GediioRtdi ng

frame Oéen@fﬁ%g dfRTiated myofibres muscle SP cells have been shown to reconstitute the bone
marrow of lethally irradiated mice, thus exhibiting an unexpected degree of plasticity (Gussoni et

al., 1999, supra). Some evidence exists that these SP cells also come from the bone marrow

befdre taking up residence in the muscle (Kawada et al., 2001, Blood 98:2008). An SP

S

popplation has also been demonstrated in mouse embryonic stem cells (Zhou et al., 2001, supra).
The expression on ABCG2 neural stem cells has been shown to be significantly higher than it is
in more differentiated neural cells(Geschwind ét al., 2001, Neuron 29:325).

- MDR! (P-glycoprotein, ABCBI) is another ATP-binding cassette transporter expressed
in hematopoietic stem cells (among several other cell types) (Zhou et al., 2001, supra; Chaudhary
et al, 1991, supra). OVerexpression of MDR1 in bone marrow cells leads to an expansion of the
SP population, their prolonged survival in culture and an enhanced repopulating activity after
tranjsplantation into mice (Bunting et al., 2000, supra). In some of the transplanted animals it

ultimately results ina myeloprdliferatiVe syndiome resembling chronic myelogenous leukemia
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were 5'tattaagct gaaaagat aaaaactctcc3' and 5' at gt gaggat aaat cat act gaat 3' ( base
pairs 174-202 and 2184-2207 of Genbank sequence XM 032424). EXAMPLE 8 1.5.
to 2% of cultured cells have a side popul ati on phenotype? iinMiRe?l@echst )
33342 dye exclusion assay. N Ps, |linked to neural stemwcells by their
expr&¥oling ebal., 1898, Blpod92:326M o Whetefora MR Istsipression hadbera implicated BRhst em

cel Ies ﬂﬁ?‘%{ vi#}ue of .their expressi on of ABC& in a.subst nti,gl .

subpBFAISIPT SHRGRAtRpalEtiG fiem Cplfs ang was suggestsslasiacbaragigristic eEPIOlifesptingsdeay . Thi s
Si degelpl ' ; | J DYk \ '

cont et Yo Sk o, Sy AL RBU R b PO S b AMBRT
ABCGE ekpesteedan thied3P fragtiohalf paivréatio)islph ey PEPE9 2 4 MAR 2006 to sone of
the cultured NI Ps, Hoechst 33342 dye exclusion assays were perforned
following the published protocol (Goodell et al., 1996, supra) with slight-
mdiﬁm £5t0 The exclusion of the Hoechst 33342 dye, which defines the
pl uripotential side population ($P) of hematopoietic stem cells, is ‘
medi ated by the ATP-binding cassette transporter, ABCG2. Verapanm | was used
as dmmpRelidchenith Wehiicafbn 5BE3421 B HBRERO himb AR e Glenftells 1996, supra).
The Hoechst dye exclUSTon assay was done rortowng-tie-protocol of Goodel |
et al. 1996, supra, with the nodification that staining was perforned

whi | e t Héestiarpositivgrnanerenti isket stamhuetls twere healyzed! forGRPEIS bxpr&sidn. vi abi l ity

R S T R O S S
333 PrahplatitRtlon AarvAd 8L Schifol 901k Ryt Hofbe astiebyBila @GS r atd on of

5.ig/m "and cells were | ncubate n re 1 ndi cat ed,

ver ;(Zaleiv&tslc(, Sit ghn 200 DiabldesS0L $21). nBiiely pislety weie WhtBed i fulRked ffRPRgsay at
a fll%gb copncentration of 50 p.nol/1. For analysis cells were trypsinized,
pour‘ @4V My sAn@IMRE saremy [1.dimM gleosea patitiotinss pustinin pyruvates $-col d Hanks'

bal 0, ' | N .propi di um i odi.de. (S a_final
conaiaFebiaEind kst bt IR, oABR SR 5% R PodiuEel (Reniasd

cyt dnedunpcywehatibgllyhs desdBHIaBove HeR WP FloRMHRe4Ibts S Qlated! HASd Qlisavdrd V | aser
for _excitation of Hoechst 33342 and propidiumiodi de. 450/20 BP (blue) and

630/cheped agd expanded ig mediner eontaining f26rngimk o basic fibroblasegrowti feetorfndor escence
act i cell sorting . .GEACS) showed a clearly visible side population

(5 shtefgaC ot Heldns opGimks SCRRRbRast BRvtietianit fbiaydhoator t he

I nhiThédbation SKARGNP! ' AL & ]S) 0, ot her
NI P cult ljcr’es I%epelnggdnﬁny%g%éﬁ %letﬁ?/qatg%gf%gfgéélr@ élag lf%fs ﬂ@%!'ﬁp/%g‘?%sl %/dél&([:uejl S
was evey 4flidwihps chenging thespaiitimyvel y (data not shown). We also anplified the

Immunocytochemical detection of GLP-1R was performed using rabbit polyclonal
antisera (Heller et al., supra) as follows. Cells cultured on Lab—Tek} chamber slides (Nunc,
Naperville, IL) or gridded coverslips (Bellco Glass, NJ) were fixed with 4% paraformaldehyde
in PBS for 10 minutes at room temperature. After several rinses in PBS, cells were blocked
with normal donkey serum for 30 minutes and incubated with primary antisera or pre-immune
sera at 4° C. The following day, cells were rinsed with PBS and incubated with secondary
antisera (donkey anti-rabbit and donkey anti-guinea pig) labeled with Cy-3 or Cy-2 for 1 hour
at room temperature. After several washes, coverslips containing cells were mounted onio
slides in mounting medium containing DAPI (Vector Laboratories, Burlingame, CA) which
stains nuclei. Fluorescence images were obtained using a Zeiss epifluorescence microscopé
equipped with an Optronics TEC-470 CCD camera (Optronics Engineering, Goleta, CA) '

- interfaced with a Powermac 7100. IP lab Spectrum software (Signali Analytics, Vienna, VA)

was used to acquire and analyze images.
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full open reading frane of ABC& from NIPs. Coning into an expression
.vector and transfection into INS-I insulinoma cells-resul tez%i Mé&;{%ﬁt I ve
Hoechst X3342 exclusion in transfected cells (data not shown). ’LE 9
The SP phenSLFpER dmmuapeaciviiy was detecteddinrthe siainity bf NéPxfat | % in
* SP cel l@:&% g SP control cells were isolated fromcultured NIPS by FACS
(Fig. 2 A g%?‘g R and R2 respectively). Expression of ABC& correl ated
well with,the SP phenotype as shown by RT-PCR (Fig. 20B) and Sout hern bl ot
hybri di EXtANMIPIE 1 a cl oned ABC&R probe. kT- PCR and Sout hern bl ot
hybri di zati on denonstrated expression of MDRL ((P-glycoprotein), 50 2 4 MAR
2006 anot her ATP-binding cassette transporter present in hematopoietic
st em celdentificipndi{shP-Ril-positive hupe stepe cellsdly REYACR N the SP-fraction of
cultured NIPs (Fig. 20B). The SP fraction al so expressed nestin at a

mar kedl y hi gher. Level than the non-SP.contrals (Fig...20B). Nestin-positive
T e 1 28 St o rphorgoctiencs] b dafon ot bl Bk Shessiaion repfigat &
whi ch M P@Njw Si R C g{g{ng - |

cells. eﬁi'%gse correlation m%ﬁg%@;@s@\éﬁ%ﬁépﬁgﬁ pmgt ggéﬁglgﬁa?r ns
the fi npiirfigndcdais deRCIBRd abpte ividxympke G foRfieridenificanands adstih RERISR wiytedef f | ux

(Kimet_ al., supra; Scharenberg et al., supra; Zhou et_al., supra). The
coekpr elitpEmcs peingdhat thefellomBuBLP R -specélic primersavrse uses:d’for nestin as a
gener al rker of ogenit@r cells. The SP.cell fraction.of.th e
o't ow SR FhesPtle 2 RERRDL 3% efiGertureiiing > Heverse compliefiianis NAC!
maj or i tMRB{A PrdducBP iR Mkp@ited SABEPPRIdRE Figie MBPIddfatiiStR, fnFaiRhlo 6t
al ., 1997, supra). The differentiation of bone hmarrowderived SP cells is
ot i néxpeeksing the 6d.P-1R ipreeige NIP$ havenihmblosymiieficsatfityde|predume GLP-1R. - GLP-
~differepfiate to skeletal . and.cardi ac, nuscle as .well, as endothelial cells
(ussontitefieord, R gdftiside Foasb 1> Joeti Bribepreseis Mo a3 2 TRen Y eot

107: 139%hcreatif sidfbdgson, -bone marrowderived stemcells differentiate into
functi onal brain ané liver cells (Brazelton et al., 2000, Science
290: 1775; Lagasse et al., 2000, Nat Med 6:1229). The portion of SP cells in
the NIP cultures (1.5 to 2% is at |east 20-fold higher than that found in
the bone marrow (0.05 % (Goodell et al., 1996, supra). However, a
conpar FNAMBEEckEnt age of SP cells is found in cultures of nuscle satellite
cells, which are considered to be nyogenic progenitors (Jackson et al.,

1999, Qe Naldiiedianth SiesiPpdddfhon)dpacdi tion to generating -
differ ‘ S have been shown to reconstitute

t he bone

‘The ability of nesﬁn-positive stem cells to proliferate in vitro was determined.

Islets prepared from 60 day-old rats or a normal adult human were first plated on
concanavalin-A-coated dishes and cultured in modified RPMI 1640 medium containing 10%
) fetal bovine serum for four days to purge the islet preparation of fibroblasts and other non-islet
| cells that adhered to the ConA-coated plates. The islets that did not adhere to the plates under
these culture conditions were collected and transferred to 12-well plates (without ConA
coating) containing the sanie-modiﬁed RPMI 1640 medium now additionally supplemented
withl bFGF and EGF (20 ng/mL each). The growth factors bFGF and EGF together were
selected because they are known to stimulate the proliferation of neural stem cells 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 outgrowing monolayer of cells were
phenotypiéally homogenous (Fig. 9A, panel 1) and expressed nestin (Fig. 9A, panel 2). Rat
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marrow of lethally irradiated mce, thus exhibiting an unexpected degree of
plasticity (Gussoni et al., 1999, supra). Sone evidenc xi g[%s h@at t hese.
SP cells also cone fromthe bone nmarrow before taking d?eQ e in the

nmuscl Kawad et al ., 2001, Bl ood 98:2008). An SP opul atlon has al so been
rrtﬁ'?glts & Bicked Shom teapanolayer datohenoicad] lczsst @Qﬁ@weua) aubcloned anto gdm h). The .
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a my@igoR) pahelr By meemmctrenmgg@&qrtb Ifbg 14556 QiduolalBaedRBAREY th@tiiﬁﬁm a 51 2°
4 MAR 2006 (Bunting et al 98, Bl ood 92:2269).. Therefore MDR-1

expr&igi U maelsBeand 3npitiecetietining thelergesspacessthen cltdngﬁbumtphmt»gam ic 'stem
|1 h t t |1
contPaBas, 457 aReRRERn Rasftic foriiliy Bice i bpt mBedbienSh preted sk | 2005,

supra) . “ﬁ@i&atdﬁo?aﬁfe?éﬁﬁéoﬂ ﬁfem 2 1?%5’ hagtil é’fblé%fpr %6@&%@@3%@6“ ved

NI Ps. EXAVPLE 10 | nunocyt oc nt| Icatro st t.ive human

pancioemed thes¢ HoCs eleteschdentterized by RI-PER R Sodicre blo$ hed fcﬁmdmmeﬂléys ‘wer e
anal yzed for GQP-1R expression. Human islet tissue was obtained fromthe

Juv &FPress Bhegndogeingmasker NC/Addrmewrat egll adiegion nmlmuéqil(gnvut el laaﬂwbr d 9

|VEdI hﬁsll r ted as reyio ki, et
@%Bﬁ? a£4j[ye§6§§g@g §§1§% a[ng I?dqﬁesﬁ t@ : iﬁg‘ﬁ@iﬁ%@iﬂ&r red in

RPM 19) {Bd@wamditamm, 998 . Pafhe], S 841734-8.1 Bdu WAl UE 03695, AN HifbGlehfS, sodi um

pyruvate, j3- nercaptoethanol, and growth factors. Wthin several days,

nestGyfoghsm.; #38245613; Bopwermetial.i 4894, Dinbetes; 3012793 {Figy 965 lefepanelsed above)
t f | et Lat h I | d d ded
e APl A o1 e sbieh af s Gnchded G5 %B?@&ei@ﬁéﬁa%%‘r&&e@? a@ﬁﬁpagp?de'r el
f
oot EpreatietihioiiebaRo ot ulef Seght Mol PRI QLERMPHIC Y ) and

- T r esEK p@p birttwenelimitedi irexpesssion oﬂ&l&@eﬁéﬂﬂca@d&&ﬁ%&ﬂ:s&ﬁ@ dragbwih factors

| mmunocyt ochem cal detection of GP-1R was performed using rabbit
pol y:@;q;itg ior their differentiation to endocrine cells. It was also recagnized that the

differentiation of a progenitor cell population typically requires ﬁrst_ a proliferative phase and

-

then quiescence of proliferation in the presence of differentiation-specific morphogen growth
factors. Therefore the culture conditions were modified in some instanices by replacing the
media containing 11.1 mM glucose, bFGF and EGF, which induces;proliferation of cells, with o}
media containing lower glucose (2.5 mM), which is less prollferatwe and the factors
HGF/Scatter Factor or betacellulin and Activin A. Glucose is a known proliferative factor for
pancreatic islet p-cells (Swenne, 1992, Diabetologia, 35:193-201; ﬂonner—Weu, 1989, ‘
Diabetes, 38:49~53) and both HGF/Scatter Factor and Activin A ha\{e been shown to
differentiate the pancreatic ductal cell line AR42J into an endocrine phenotype that produces |
insulin, glucagon, and other pancreati;: endocrine cell proteins (Mashima et al., 1996,
Endocrinoclogy, 137:3969-76; Mashima et al., 1996, J. Clin. Invest.:, 97:1647-54).

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
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-~ antisera (Heller et al., supra) as follows. Cells culture
. Lab- Tek: chanber slides (Nunc~ Naperville, IL) or gri dded(%cgvfgmélaﬁg%
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CCD canera (Optronics Engineering, Goleta, CA) interfaced wwth a Powermac
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confirnmthe 1 munocyt ochem ca denti fi cat | on o ression in

pancr eapolgclonaﬂl@tlser(.lfdl faispd biRImPfGRizacion pRa rabibiewlit aispghetic peptidt RNA prepar ed
from NI Ps, perfornmed as descri bed abgve in example 6, for the

i dent i fCEMMﬂVISGR@JQP gomrsatedia keybale lingpathemepyanin eThgamtrs&tum ichighlyl owi ng

ot t ggo A REiegRE Y yRsDn PREA R Sripiat AP BRAAF04ER! BlolpeatPBaiBed ( ne
{ )expect egngiiditp memsaﬂ# ¢liesé sy fre 2%5@/ NAi3GRY N hnkNBL2 p%/ﬁll@qgéﬁebﬁ%ﬁ 0

expressing the GP-1R protein, have the bi osynthetic ability to
produce GLP- IlﬂubIELQEofjtﬁz: Ht@ﬁefoeﬂdiaafs in H0 sdditicasimamoden as described by Bamipa étn t he

Ui o polRac o, SNk Heo Gt oR AL Bisrcion :Sa?‘u.rﬁﬁs'e%%mm“ﬁ%s“le "
nestin- posi tsa«%gﬁgaamtﬁﬁgﬂ panbiRafll %éri(&rs%ﬁe 'eBond ”i\lﬂ:‘%%u? 0! €L

béeﬁ
prepared from rats or a norma uman vvere |rst ed on

concanaglabmsa-tﬁhmp@tﬁéﬁ OWadpest abnd 998), syuapbphysinpaid HEF ®Rike 640, I\MD |
contai ning 10%
sho%vn in Fig, 15, To determine whether the differentiating NIPs may have properties of

pancreatxc exocrine tlssue, we used RT-PCR and detected the expression of amylase and
proclzarboxypeptidase (Fig.15).

Some cultures of NIPs containing stem cells also expressed the mRNA 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 pancrei'as development, and particularly to be required for the maturation
and functions of the pancreatic islet B-cells that produce iﬁsulin (Stoffers et al., 1997, Trends
Endocrinol. Metab., 8:145-151).

Because the neogeliesis of new islets is also known to occur by differentiation of cells
in p'ancreatic ducts, particﬁlarly during the neonatal period (rats and mice) but to some extent
throughout adult life (Bom:ler-weir et al., 1993, Diabetes, 42:1715-1720; Rosenberg, 1995,
Cell Transplant, 4:371-383; Bouwens et al., 1996, Virchows Arch., 427:553-560), nestin
expression was analyzed m the pancreatic ductsl of adult rats. By dual fluorescence

inm;lunocytochemistry with antisera to nestin and to cytokeratin 19, a marker of ductal
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fetal : bovine serumfor four days to purge the islet preparation of
fibroblasts and other non-islet cells that adhered to iﬁ %ﬁﬁ@ggat ed

pl ates. The islets that did not adhere to the plates un culture
condltlons were collected and transferred to 12-well|l plates (w thout ConA
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cont aj ni n bFG- and E The subcl oned cells grew ra y an
conf(Fi@&N Ik si x days wth an estimated cell doubli ng time of 12-15 his

(Fig. 9A aan apd b %{ﬁ d@gs formed wave-ljke structures. After
15-17 day® 1§ mOt exmiessedin the maiorsy of snefl eqllsdhatyennress BesipLcs) (Fi g.
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I ndi I gent sitive islet eni tor

cel ffg@feﬁ%g'%%lﬂéﬁéﬁ 5t Bheart daSS AT RaEpERR o) S HpSient bERERNG
Soutshpparebitetidantial i padréitic bR ofky CAM (neur al
cel | glgihey on_nol ecul g) (Grulli gt al &TE{EQAS%I@ME tc??ogi’s‘léi%él %17 1429- 36)
( Fi dneagenesis)gibut figsepipgenitdrs re not e sabpopalationsf Kectal@liBeligiyelikperadel n - 19)
(Bouwens et al., 1998, J. Pathol., 184:234-9; Bouwens et al., 1995, J.

H stochem Cytochem, 43:245-53; Bouwens et al., 1994, Di abetes,

43: IANVIBLE(IR 9. 9C, left panels). At this stage of the studies it was
concl uded that when the NI Ps becane confluent and aggregated into
islet-like cell clusters, they began to express pancreatic genes (NCAM and
CK1drangplantgigoncof pamiteatic stamecelis esginesredfo &xgireds 1D5R¢ 9n hesan sebiedts i absence
of ghiabstds theltiter s essential for their differentiation to endocrine cells.
It was al so recogni zed that the differentiation of a progenitor cell

popul at i dsletsyissleRd ont Figwr hi@ah Hofdr pafcrlkt?) drffdlﬁbﬁﬁ’c?eaﬁle B36ps§f eventual

human transplant recipient are cultured ex vivo in conditions that stimulate outgrowth of stem

r4

cells. Stem cells are then isolated away from islets (cloned), expanded in vitro in proliferation
media containing bFGF-2, EGF, and 11.1 mM glucose, transfected/injected with an expression
vector containing DNA encoding transcription factor IDX-1, and tranéplanted into a diabetic |
recipient. Alternatively, ]})X-l—tran_sfccted stem cells are treated with GLP-1, or other
differentiation morphogens or growth factors for 1-3 days before tranéplantation to initiate
processes of differentiation of engineered stem cells to B-cells. In oné embodiment, stem cells
are neither expanded or differentiated prior to administration fo 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 several days after transplantation fo stimulate
differentiation of stem cells and encourage successful engraftment. Abcording to this method,

xenographs (pig islets) or allographs (human islets from a human donor that is not the Tecipient),
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then qui escence of proliferation in the presence of
- differentjation-specific norphogen gromth factors. Ther efofteMéR 20861 t ur e
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showmn to differentiate the pancreatic duct aI cell line AR42J into an
éndocri ne phenotype that produces insulin, glucagon, and other pancreatic
endocri LEddot ei ns (Mashima et al., 1996, Endocrinol ogy, 137:3969-76;

Mashima et al., 1996, J. din. | nvest., 97:1647-54). Cultures containing
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| ncubation o days in 10 mM ni coti nam de, as descri bed by

Rami ya et a&ccofdﬁgrtcylalsahetabd,,mﬂ@@%hsl‘@itg isIvBY] allofiapHhafdh islétd GoRASRENan
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vere exjopesibalis pgt WF?%PJ@H% aivedl aqrisagraphs Kislgls C@W@@ﬁéﬂ&éf@ﬂl)ﬁ%ﬂ@ (\Wang
et al %%g% synapt ophysin, and HGF (Menke et al., 1999) as shown in

Fi g. 1§ eterm ne whether the differentiating NI Ps may have properties
of

EXAMPLE 15

Xenogeneic transplantation of pancreatic stem cells into the kidney

Human nestin-positive-islet progenitor cells (NIPS) were isolated as described, and
transplanted under the renal capsules of cight 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 transplants successfully engrafied and proliferated into large masses of
tissue engulfing the pole of the kidney by one month (30-38 days) after a transplantation of
approximaj:ely 10° to 10° cells.

One C57B16 mouse was sacrificed and determined to have a large area of new growth at
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pancreatic exocrine tissue, we used RT-PCR and detected the expression of
anyl ase and procar boxypeptidase (Fig. 15). Sonme cul tures,qf (&MRpi %ont aining
stemcells al so expressed the mRNA encodi ng progl ucagohzdin Rndllbi n as

seen 16A and B), The expression of 1DX-1-s of particular
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EXAMRAttthd graft consists of stem cells trying to differentiate 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 receiving cues from the kidney and may be attemﬁting to diffcrenéiate

into kidney. The graft cells may not be malignant, but may be just stem cells attempting to catry

out their function. _ I

EXAMPLE 16

Xenogeneic transplantation of pancreatic stem cells into the pancreas

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 or (b) NOD mice in which
there is an ongoing islet is with inflammation. |

The pancreas of the transplanted animals is examined to determine if the NIPs find their

proper niche, receive instructions from the islet region, and differentiate into islet (B-cell) cells.
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Transpl antati on of pancreatic stemcells engineered to express IDX-1 in

. human subjects with diabetes nellitus Islets isolated:.f rorrgiﬁi AR 2l man
~donor pancreata, or from pancreatic biopsy of eventual hul transpl ant
recipient are cultured ex vivo in conditions that stinulate outgrowh of

“stem ce ghycells are then isolated away fromislets (cloned),
expanded 1n vitro in proliferation nedia containing bFG--2, EG-, and 11.1
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t r anspl ant ed 4 populitimt ofrcenirpl (@ntransplntet eningads) land énastplantedpambsiareanalyzed

r epr ogr d.so that. he ost cogni zes.t h temcells (in.the case of
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“~’EXAMPLE 14 Transpl antation of pancreatic stemcells cultured to stinulate
expression of IDX-1 in human subjects wth diabetes nellitus Islets
i sol ate ﬁ?ﬁ’ﬁr bed are cultured ex vivo for several days in conditions
that st td 181 st the expansion (proliferation) of stemcells that
exist within the islets and then the expression of transcription factor
| DX- 1. Ti&uipkcidn’ §adstilDoStive kel &al bsimk fivachi eved by culturing the islets
in nmedi a contarning =2, : . gl ucose. Induction of the
expression of IDX-1 is achieved by incubation in the presence of GLP-1 and
2 mM gl ucose RaTheers sieet Bolted and doaadsdciionedreyyrepdrad docontingtutmetbedsdmob@dnar e
t ranspl ﬁlirl]t ed to thl%}(% st recipient. Additionally, the host recipient may
be adni At feaerd Mng -and for several days after the transplantation
to further expand BabndbHRGOR (6AM kSR Ruidd AN bRl e | S

to

nestin serum. The immuncfluorescent signal was developed by reaction of anti-donkey IgG
serum tagged with the fluorophore, Cy3 (yellow-orange color. Nestin-positive cells sutrounding
a possible large biliary duct are depicted in figure 13A. Clusters of nestin positive cells

surrounding several small biliary ducts are depicted in figure 13B.

EXAMPLE 19

Differentiation of NIPs toward hepatic phenotype

Because of the reported apparent commonalties between hepatic stem cells (oval cells),
hepatic stellate cells, and progenitor cells in the pancreas, and the observations that following
some injuries, the regenerating pancreas undergoes liver metaplasia (Slack, 1995; Reddy et

al., 1991; Bisgaard et al., 1991; Rao et al., 1996), we performed RT-PCR to detect liver-
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enhance success of engraftihent. According to this method, xenographs (pig
I slets), allographs (human islets froma human donor. t hzt E@Rnf@ﬁthe
recipient), as well as isographs (islets derived fromth by p t) are

effe ted. EXAMBELE 15 n ei c, transpl antatjon_of pancreat,i¢ stemcells
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2006 the site of transplantation. A section of the kidney that included the
new {itieenEatpisiowaid githeripanereatio ns hepaticphensiy@espi ece was frozen for frozen
section histology, and the other piece was fixed in paraforml dehyde for
paraffin section histology. Frozen sections were prepared and stained with
hemeERAMPIHE20d eosin (H&E) and antisera to various islet cell antigens.
Exam nati on of the H&E stained kidney section denponstrated the presence of
a new growh that was not part of the kidney, exhibiting a pleionorphic
nor phol delPdRsignalling)iolNIRS ni xed mesenchymal and epithelial tissue
cont ai ning hepatic, neural, ductal, adipodipic and henatopoetic

conpone - Phot.om hs..0f t.he ki dne ction denopstr.ated that the
ne\r/rvp gr gfv%hapgglgﬂﬁo&' qcfl(’)@g%' ngﬁi%ﬂnﬁﬁelsgﬁﬁélﬁ é@é‘ﬁ’é@ﬁ%‘{eﬁ" ngrpellgias ner ul i
Speci4% eondeitraiigs t[aab. ' &UI%I% oy erdfitd eveal ed
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vi meimpiumchistaghethizalODaiingeolithe yanee eollsitg esst frarifin exfregsionh uAHReltefreimapoet i ¢

| ynmp S., The ki dney of a second C57B16 nouse also had a sim|ar
| 00 k‘fk"ﬁ@ [?Fg%v*ly FEAREHIES W%Weméfiet wergShowa inexpressaiesinafe senteast tomdaltdhr af f i n

sectdapp PLW 2 _ ' .{ yse .(the.first nouse to
be s:ﬁtecr’i(?lltce1 mé%egi%nilﬁgls%g&? ;’g@@ﬁﬁ%ﬁ%ﬁ@?'{g@ﬁe A s from
~t he grogned of ligh K20IAd) glucose (Figure 23, panel A). These effects were reproduced by

forskolin (Figure 23, panel B) suggestiug that the effects of GLP-1 are mediated through the .

activation of Gs and cAMP production, the same signalling pathway used in normal p-cells.

The pretreatment of single isolated NIPs with 1‘:he peptide Extendin (9-39), a specific antagonist
of GLP-1, prevents the increase in [Ca’*]; mediated by GLP-1 (Figure 23, panels C and D).
The effects of GLP-1IR antagonist Extendin (9-39) suggests that the same isoform of GLP-1R
is expressed in NIPs as in B-cells. The [Ca**]; increase mediated by GLP-1 was inhibited by
exprecellular La** (5 pM) suggesting that GLP-1 is activating [Ca®*}; influx, consistent with its
known role to depolarize B-cells (Figure 23, panel E). We further demonstrate that
tolbutamide (100 pM) stimulates [Ca**]; elevation in NIPs indicating that they express ATP-
sensitive K™ channels (Figure 23, panel F). These data are consisteﬁt with GLP-1 induced
membrane depolarization and activation of voltage-dependent Ca®* channels in NIPs,

consistent with its mechanism of action in p-cells.
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and showed the foreign tissue to be well contained under the renal capsule

-.with no signs of "invasion" into the renal parenchyna. NotjahlMAR aMgp@most

t he pl emﬁ tookl ng graft tissues were areas that resenbled renal

Jparench 8 t being bound to theory one hypothesis is that the graft
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recelvelnstrutlonsfromt e jslet on and differentiate into islet
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stemc elwlerep hédd fon.7-1I0BR Sl BRnatditdd wills Bitﬁé}tGﬂPll%rﬁﬂestdbﬂé’ 8halod Sxtéitfin-
portal vein (according to conventional procedures well known in the art

for trafisprelsetef entlsthgcame insulimpositivet (Gyndit Figatey24 B paoglB, &t and 6pindnldxah NI Ps
| at bed d.into.th d t
Ol ot B {581 ERER 2R SaiLh AR RS Mebut r: Bives 1 g D horet o
di rect Wﬁb@eﬁﬂ%e@feﬁﬁ@ﬁﬂ Hestid %@ﬁm \Q&e%eaﬁeﬁgflﬁi)b P-1 (Figure

(untranspl anted animals) and tr nspl;ante ani mal s are analyze

anel i or 34B,olvanaf2whe4)syﬁpaandmglyt trelatateat with (Extendib4 dodheed 4o se 3} BlEtkrease
i nsulin.,lev nupbe g ﬁreatlc (3-cells. EXAMPLE 18 ldentification
of Nest {1 #Wél%t Fﬂ"é%? )5 Howeves, in spmie qulfrs wells. coplivence glingtveas and

frozen sfibieffvo it SiRPLBGuAS 6ORMIPsd: Rl NOUS known in

The homeodomain p;otein Idx-1 is critical for pnacreas development and plays a major
role in the transcriptional regulation of the insulin gene. Haploindufficiency of Idx-1
expfession resulté in a forﬁn of early onset type-2 diabetes (MODY4) and inherited amino acid
chagges in Idx-1 are assoqiated with late onset type-2 diabetes. Idx-1 is expressed in

differentiated NIP cell populations.

T Human NIPs that had been repeatedly passaged lose their ability to secrete insuling in
response to GLP-1. However, transfection of these cells with an expression vector encodiﬁg
the hwman Idx-1 cDNA rendered them responsive to GLP-1 and induced the synthesis of
insulin in a subset of NIPs (Figure 26, panel 1). Interestingly, transfection of NIPs (passage
9) with Idx-1 in the absence of GLP-1 treatment did not induce insﬁlin biosynthesis (Figure

. 26, :lower panel B), but did stimulate Idx-1 expression levels (Figure 26, upper panel B).
Taken together, these resulis suggest that GLP-1 stimulates levels of Idx-1 expression in NIP
cells and that a critical threshold concentration of Idx-1 is required for NIPs to convert into

insulin-producing cells, thus suggesting a role for the GLP-1R in islet cell differentiation.
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- the: art and described herein. Frozen sections of rat liver (6M were
| rmunost ai ned with a rabbit polyclonal anti- nestin serum .The, .
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Nest T | cells surrounding a possible large biliary duet are
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foregut endoderm and represent differentiation toward either pancreatic

or Oﬁﬂ%@ﬁ@ﬂ?bﬁl(’f Exngen EapsplaiteicRreinghadonargniorthélkdespiditte appl i cati on
of GLP-1 amide to single, isolated NIPs el evates |evels of i nt racel | ul ar }

Ca2 Ll s dd |
por i ¢ Dbt 1 Bub ol s b hionty i OBaBeR Eolp BF rondeet HEEIS to Lest
for prespettiveehinasaomR. Hitnhn ﬁ@dtinsp(fsftﬁ@ceﬂé‘mﬁ’s; %@%’s*cll? tedl %ﬁ@r{éga{ﬁa@ﬁfr e made

were shown to express nestin.  In contrast to
st i riifres assleserilred, to E@lﬂéats NIPs tolEP equivaentdemyipuogeaitobedllsWaiedeNIPk@es i ve in

{ e B RG] P e B cetend b Tty P gbatbiont st e
ef f epteSre@buGalcliodr AnBE4 'SE\fé?:ﬂs ttﬂ%@é‘ﬂ%{: s eg&&ﬁﬁiﬁ%{; ﬁgln(@%fﬂ‘%)r %gﬁjc fCAMP

production, the sane signallli ng pat
~ biopsy. Genomic PCR and in situ hybridization using donor-specific probes indicate that the

transplanted human NIPs colonize multiple organs of the recipient and created a state of
micro/mixed chimerism which induced a condition of immune tolerance. Acceptance of a
human tissue graft by a recipient is believed to result from the differentiation of the
transplanted stem/progenitor cells into dendritic antigen-presenting cells and so induces the
immune system of the recipient to recognize the engrafted human tissue as self. The success )
of the induction of immune tolerance in the recipient toward the donor tissue is confirmed by
taking a skin biopsy from the donor and engrafting it on the skin of ihe recipient and showing
that the recipient does not reject the donor skin graft. After verification of the induction of a
state of immune tolerance toWard the donor, the NIP transplant is surgically removed. Organs
from the donor (kidney, heart, liver, pancreas) are then transplanted into the recipient without
incurring rejection of the grafted organ. This organ pre-transplantation protocol commandeers
the recipient’s immune system to recognize the grafied organ as self and therefore obviates the

need for powerful but toxic immunosuppressive drugs.
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The pretreatnment of single isolated NIPs with the peptide Extendin (9-39),
.a*specific antagonist of G.P-1, prevents the increase in [£aZwhp 708fi at ed
by GLP—# Q%Fi ure 23, panels C and D). The effects of GLP- ant agoni st
Ext endi e{ g%‘%f suggests that the same isoformof GP-1R is expressed in

by expr eceP A 0. BN thbReRon €8] 198F, BR%RSr ¢ torgupp Sell ot PR
i nf | ux, primitiiesipethtlialicklls isblated ot ivtrmiPataes It 28 pRySel 1487.433.9a e 23,

panel E). W further denpnstrate that tolbutam de (100" AND sti mul ates
[Ca"]; el evBigtespn, -Riabal. i 1989 c Tniming biain inthielpodatreamtopaitiic fate ndopted by K+

hannel ' 23 | FL.. Th t istent with GLP-1 induced
Charne SO BB e OB S Conslstent wth P11 nduce
in NIPs, cBBg#ssBet 19800 Natdefod PRESHOUTBabn ﬁﬁtgeﬂé‘th{e{&RQ 37 &6l cRlis. Sfht ﬁ@é‘@g

21 G.P-1 induces differentiation of NIPs into™ nsu secreting ce
MAR 2006loming$:80:96st udi es have denpnstrated the insulinotropic action of

GP-1 as weLl as its bility.tq stinmulate (3-cell neogenesis in partial
pancr eact ec BW%Lr ‘?}tai kég.‘f‘ é}yttg‘{e_re}nnﬁggg}arkq_rf abdictal c@é&‘f@?@#@“ﬂ magl iglet o

pi cked AdgPhdsE iRihEH. .pm%g' i4R.19H§Whh, medi um cont ai ni ng bFGF
pl us EGFO%pasSsage 01)&?%r?§d§-ﬁ%%r%§ysl %Sg\r;\%é]l%?g\g?g%l ., 2001 D abetes 50:
521). | n ceBouwvens, bstl898.cTrahbdPDetiimionwerss spprliadpbhesis fir ¢ endRgtfonf dfx ed
and sul;f' cied t]i%. ihmunocyt ocheniical detection of Nestin (Cy-3) and

| nsul i S](%&)@té)ce mdpeprnarsis EMicrpee- Rem Tach. 4%333-33d that at this stage they
are nestin KH] ng i Nl AL VE. . cultures. were expanded
for 7-10 da?gﬂgiﬁ%g? ‘r%h&ta?7eg%ge7|d%\npﬁﬂ)a%‘%nt\é’%lro M\g?%h%'é Exrlopg—e- QRS 2 og

;{)extendi plurifotent sseth sells fémaahlt mobspuiCreasSHoim, MeebIRae24:8y1-277.Fi gure 24B,
panel 3, 5, and 6)_ and | dx-1 ositive (Cy-3; Figure 24B, panel 7) and
nestin negabpijsirand, Jget atj 4997, C%B‘B?thfiﬁﬁﬁﬁn of the Tinmer nestingean rowals aldiosdecr ease

in nestJ i 0 > treated w.th-GP-1 (Figure 24B,
panel -3 GRRAEARIBE AT S T SR, [ naucea’a 5 to 3
fol d i ncr eaBabevijivi.Dsetlal. 2 0ECP@LifeRiti dnFirdUTiFerdhiiatioHQPEMEN liver Bpiftal cul ture
wel I's, confluence al one was sufficient to initiate small anmounts of

i nsul i rPTEERIVISE Pelif after Bangplnstrtiondnta agwlprasiliver. dvm.U. Pathok iL§6:2817-2@31. pnacr eas

devel opnent b Qr o) i n,t tr.ansgcripti | re ation of
th\é i ngul i nﬂg%gig?&’%galngi%%f BCI? 'e?ucySI' gflerfqﬁ‘ﬁ‘ oné !fljg’glgéigﬁa?&g\u € inaform
of ear |developitlg rhigaBatlhabeisegstedNOPYMRurasd. 5:89r)-3328d am no acid changes in

| dx-1 are associated with |ate onset type-2 diabetes. Idx-1 is expressed in
Ikeda et al., 1998. Activated rat stellate cells express c-met and respond to hepatocyte

growth factor to enhance transforming growth factor betal expression and DNA synthesis.
Biochem Biophys Res Commmun 250:769-775.
Johansson, C.B. etal. 1999. Identification of a neural stem cell in the adult mammalian
) central nervous system. Cell 96:25-34.
| Karlsson, S. 1991. Treatment of genetic defects in hematopoietic cell function by gene
transfer. Blood 78(10): 2481-2492.
Lendahl, U., etal. 1990. CNS stem cells express a new class of intermediate filament
protein. Cell 60:585-595,
Miller, A.D. 1990. Retrovirus packaging cells. Hum Gene Therapy 1:5.
Morshead, C.M. etal. 1994, Neural stem cells in the adult mammalian forebrain: a
relatively quiescent subpopulation of subependymal cells. Neuron 13:1071-1082,
| Raq. M.S. et al., 1996. Expression of transcription factors and stem cell factor precedes
hepatocyfe differentiation in rat pancreas. Gene Expr 6:15-22.
63




differentiated NIP cell populations. Human NI Ps that had been repeatedly
passaged |l ose their ability to secrete insuling in respongd MAROMGR1
However, transfection of these cells with an expression vector encogi ng
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OTHER EMBODIMENTS

Other Embodiments are within the claims that follow.
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i mmune system of the recipient to recognize the engrafted human tissue as
self. The success of the induction of inmune tolerance in the recipient
toward the donor tissue is confirmed by taking a skin biopsy fromthe
donor and engrafting it on the skin of the recipient and showing that the
reci pi ent does not reject the donor skin graft. After verifi casnprchodooghe
i nduction of a state of imune tolerance toward the donor, the NIP
transplant is surgically renoved.. Organs fromthe donor (kidney, heart,
liver,ywpanck@gas) are then transplanted into the recipient wthout
incurring rejection of the grafted organ. This organ pre-transplantation
prot ocol commandeers the recipient's imune systemto recogni ze the

gr af t ed fonegtin-psitive pancagatic isteay eflofore ustbini the esatinhet of regdiefitovitip diaketéuelbitits
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Sci ence 283:534-537. Boggs, S S. 1990 Target ed gene nodi fi cati on for gene

therap f item cells. Int J. Cell ?hm ng u? 80 9 Bouwens, et al.
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Res. 29:271-277. Dahlstrand, J., et al. 1992. Characterization of the

human Neskldgr s%'i‘%el[ Q&%ﬁil% 1Y &519?? of VO AP &Y néﬁih%%ﬁ"i'@é Elblﬁ)créa(?ic stem cell is
neur of .| ;gﬁ@hi - ci. 103:589-597. Dabeva 00.
Prol i fA%° abt"Yf ferentiation of fetal Iiver epl t heI ial progenitor

cells after transplantation into adult rat liver. Am J. Pathol.
156: 204, 1933 dstem oIt kédoglisly tosc;lamﬁmd)r I IeaircirRsdRd néé@ﬁﬁaosﬂnd@ ahdrégRtstedn célf is

‘ t

Vel or B8 boFhRSRP 5 g of 9 AR Gy I 0. BELN QUtyaa 8 Becl, oy
expr esscepiorelatraplilin €3pR %H@arihﬁpﬁtno&v%m sgbwksm& st ok, Crblt YRR SUR-1, or
transfKirGi2ng grow h factor betal expression and DNA synt hesi s.

" 5. Use of stem cell according to claim 1 or 2, wherein said nestin-positive pancreatic stem cell does
not express at least one of the markers selected from the group consisting of CD34, CD45, CD133,
MHC class I and MHC class I1.

6. An ABCG2-positive pancreatic stem cell for use in the treatment of a patient with diabetes
mellitus comprising:
(a) isolating the ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor; and
(b) transferring the stem cell into the patient, wherein the stem cell differentiates into an insulin-
producing cell.

7. Use of an ABCG2-positive pancreatic stem cell in the manufacture of a composition for the
treatment of a patient with diabetes mellitus comprising:
(a) isolating the ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor; and
(b) transferring the stem cell into the patient, wherein the stem cell differentiates into an insulin-
producing cell.
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cells
comprising:

(a) isolating the nestin-positive pancreatic stem cell from a pancreatic islet of a donor;

(b) expanding the stem cell ex vivo to produce a progenitor cell; and

(c) transferring the progenitor cell into the patient, wherein the progenitor cell differentiates into
an insulin-producing beta cell.

14. Use of a nestin-positive pancreatic stem cell in the manufacture of a composition for the
treatment of a patient with diabetes mellitus comprising:
(a) isolating the nestin-positive pancreatic stem cell from a pancreatic islet of a donor;
(b) expanding the stem cell ex vive to produce a progenitor cell; and
(c) transferring the progenitor cell into the patient, wherein the progenitor cell differentiates into
an insulin-producing beta cell.

15. Use of stem cell according to claim 13 or 14, wherein said nestin-positive pancreatic stem cell is
also ABCG2- positive.

16. Use of stem cell according to claim 13 or 14, wherein said nestin-positive pancreatic stem cell is
also positive for at least one of the markers selected from the group consisting of Oct3/4, GLP-1
receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and 1, C-kit, MDR-1, SUR-1, or
Kir 6.2.
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followi ng retroviral -nmedi ated gene transfer. Hum Gene Therapy 1:229. OTHER
EMBODI MENTS O her Enbodi nents are within the clains that follow 64 24
March 2006 WE CLAIM 1. A nestin-positive pancreatic stemcell for use in
the treatnment of a patient with diabetes nellitus conprising: (a)

i solating the nestin-positive pancreatic stemcell from a pang4eakdc2008l et

of a donor; and (b) transferring the stemcell into the patient, wherein
the stemcell differentiates into an insulin-producing cell. 2. Use of a
nestin-positive pancreatic stem cel I in the manufacture of a conposi tion

for t ment _of a . patie |a etes | 1i.tus .co si ng
i sol aﬁe’nysm Seesellpepdine t%gf.-}aﬁﬂé 2 BPGeRAERaStn PO PHIERRSPE U ot
of a dipeemnot expdess (ab)east enesdicthe |mgk¢rheels¢tedrﬁoml the ignaup doneisteg ofeGD34,Whig4Bi n

the stEM FEMHIIclELr fRtNELQSss it 0 an i nsulin-producing cell. 3. Use of
stemcell according to claiml or 2, wherein said nestin-positive
pancreatic stemcell is also ABC&- positive. 4. Use of stemcell
accor didagAnABLERRositive pancreghie rségon celhifer wesinithe peaimentel danféant avithcdiaheian

cel | imellinlssompnsing:i ve for at | east one of the markers sel ected fromthe

group co EQ@IG%/ , , Hes- 1,
Nesti n, ntlg&é{?tﬁé uni tsp‘bs%ﬁeﬁaﬂc ]{%ﬁéﬁg%%%l ﬁ%5% éb%létfdfgﬂo ir 6.2. 5.
Use of st ‘?:BtF’a'icﬁ ex ¥ve fups 'f‘cec?rpr?gen%ﬂ‘é‘?e@rﬂ’dsal d nestin-positive
pancr eat (@ tensfwriogthe plme@nton otll mxpthepstiett, Weash tlerpoghitvhelinkifflrentsateshtect ed
fromthe gr@q@s&grﬁé,cﬁ{cm@g,egfcem4 CDh45, CD133, MHC class | and MHC cl ass
1. 6. An ABCX2-positive pancreatic stem ceII for use in the treatnent of a
patient with diabetes nellitus conprisin g isolating the

ABCR2- 1osPes 0bah ARG @apositive papereatic S‘F’fno‘iﬁuamﬁ hEeaiesury off  porposiioadap e and
(b) t rtesaghent of agatidnewsth dinbeted meilinisaohipeisipgt i ent, wherein the stem cel |

di f f er engj) qscﬁalﬂg%@m@dz iﬂve amreﬂfegteag?én%ma ancrSfic MietdF -posi tive

ancreatl Ste ture o OS| I ONn ?tor the treat ment
of & pat §p stsicel Sraibp 14 HOOHS ApestifgE o

{©) transferrmg the progenitor cell into the patient, wherein the progenitor cell differentiates into
an insulin-producing beta cell.

20. Use of stem cell according to claim 13, 14, 18 or 19, wherein the patient serves as the donor for
said stem cells of step a.

21. Use of stem cell according to claim 13, 14, 18 or 19, 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,
HGEF/SF, GLP-1, exendin-4, IDX-1, a nucleic acid molecule encoding IDX-1, betacellulin, activin
A, TGF-B and combinations thereof.

22. Use of stem cell according to claim 13, 14, 18 or 19, wherein the step of transferring is
performed via endoscopic retrograde injection.

23. Use of stem cell according to claim 13, 14, 18 or 19 additionally comprising the step of:
(d) treating the patient with an immunosuppressive agent.

24. Use of stem cell according to claim 23, wherein the immunosuppressive agent is selected from
the group consisting of FK-506, cyclosporin, and GADG65 antibodies.

25. A nestin-positive pancreatic stem cell for use in the treatment of a patient with diabetes mellitus
comprising:
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(a) isolating the ABC&X-positive pancreatic stemcell froma pancreatic
islet of a donor; and (b) transferring the stemcell into the patient,
wherein the stemcell differentiates into an insulin- producing cell. 65 24
March 2006 8. Use of stemcell according to claiml1, 2, 6 or 7, wherein the
pati ent serves as the donor for said stemcells of step a. 924WNsgcofoost em
cell according toclaim1, 2, 6 or 7, wherein, prior to the step of

transferring, the stem cell is treated ex vivo with an agent selected from
the grou )01951% th BesBlh- p'é%e @ng eaft st@fn%'au ﬁ%uf @rea Shet bodor, GLP- 1,
exendi n- , & nucl e nol ecul co etacel lulin,
activin )ef‘@“ thg f§ISE ?H’EinP‘E?r?sprPﬁ%m@f)‘Fe >10. Use of stem cel | according

to clai m@, dlﬁereﬁtlatmg’!he mbgmgpnceillie celturp taforh panvsbasiet likg aparegatest adred vi a

endoscopl(aa ﬁ@%feﬁﬁfg@ﬂ@?deﬂﬂ@-ﬁléﬂﬁﬁ@ aééﬁe%?te@%tgftheﬁiaﬁé‘ﬂtce” according to claim1,
2, 6 or 7, additionally conprising the step of (c) treating the patient

vmth an i1 mmunosuppressive agent. 12. Use of stemcell according to claim

11, wheh i ethen nestinrrositivprmasaratis gemreelli i the reanuiagture ofn2 eamepogitign for the
consi stréangensfof kath®ibwith vicdbeisp akllitus @ithrichR6S anti bodies. 13. A

t t t
\r;metsh' 3. gg@t lgalxﬁ%ﬂﬂ@ﬁésﬁﬁtaogu% pﬁﬂcfe%é i ceﬂ%ﬁ%xﬂ J‘%én@%ﬁféé ﬁgeg gfﬁ&%lgg . ?. patien

qlht us npr ﬁ 1 SO
pancr eat i FStFP'(ﬁ*?ﬁé BB EW@’(%&E »of a donor; (b) expandl ng the
stem cel |(c)edaffvnev@tma ther prdgapétonceblrio geltire tr focmIpkqudarislet(1ike apgragaéseand ng the

progeni t @d) easferrinpithe phradaldt GiRE agoiiRtRiimo tikgaBeRgeNi tor cel |
differentiates into an insulin-producing beta cell. 14. Use of a

nesti n- ’POSI tive pancreatic stemcell in the manufacture of a conpositijon
for the Use é’éﬁtﬁ’é‘rﬂeﬂ arcoxdipatq daim 4 e MABITERidRASHP-POY i vopATETERtiGigem cal) is
i sol atalsgABRE&2npsdifive: posi ti ve pancreatic stemcell froma pancreatic islet
of a donor; (b) expanding the stemcell ex vivo to produce a progenitor

o1 B0 8 s S PELACAL LRl b A 0E P enks ot i
15. Usdsopositivenios ef feagiounsradithe matkeey seleefetlfrom thel gronp speiisiingaif POct3/4, GLP-1

nesti nre@é;ﬁdnt 1aﬁepmﬂ@ﬂy9@2) Hesl1ENeaR, |Intbg?1n sbaRitsAR St B RESki MPR-LBURS eo0f
stem Cﬁ[ ccording to claim 13 or wherein said nestin-positive

pancreati ¢ 'stemcell is

29. Use of stem cell according to claim 25 or 26, wherein said nestin-positive pancreatic stem cell
does not express at least one of the markers selected from the group consisting of CD34, CD45,
'CD133, MHC class I and MHC class II.

30. An ABCG2-positive pancreatic stem cell for use in the treatment of a patient with diabetes
mellitus comprising:

(a) isolating the ABCG2-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 aggregates; and

(d) transferring the pseudo-istet like aggregates into the patient.

31. Use of an ABCG2-positive pancreatic stem cell in the manufacture of a composition for the
treatment of a patient with diabetes mellitus comprising:

(a) isolating the ABCG2-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 aggregates; and

(d) transferring the pseudo-islet like aggregates into the patient.
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al so positive for at |east one of the markers selected fromthe group
consisting of Cct3/4, GP-1 receptor, latrophilin (type 2), Hes-1, Nestin,
Integrin subunits a6 and (31, Ckit, MR- I, SUR-1, or Kir 6.2. 66 24 March
2006 17. Use of stemcell according to claim13 or 14, wherein said

nestin-positive pancreatic stemcell does not express at | eagt Mureh 2006t he
mar kers selected fromthe group consisting of CD34, CD45, (CD133, MHC cl ass
| and MHC class Il. 18. An ABCR-positive pancreatic stemcell for use in

the treatuyeREseh RIIRSLIERE WEikih 05 alketesr 3 MBllekdid theGRMRisSvBDas thédonor for
i sol ati n(psftémh%f@s)%%%spom trve pancreatic stemcell froma pancreatic islet
O ’

of a don dndi ng the stemcell ex vivo to produce a progenitor
cell; and (c) transferring the progenitor cell into the patient, wherein

t he prigentbostemekll aciokding endliiat 2% 263 Wor AN whaeid the siep ebepbRdndBtparfoehdd

19. Usgl gﬁ%&é?eré?% Qg(%?& §é1é6€‘erc]ip‘?dg§ "tlgea%ia&p é&rﬁﬁl\}mﬁﬁ% £GP Bree- AT f@%}éogé,ekéﬁ a

conpos atll ent i abetes ‘net]Ttus |,
conpr i Eiiatf’ b §5Mﬁ~ﬁ§hﬁé= nBesiPic 566G wlep%eglééﬁdclai‘ﬁ@i‘ﬁl Py 2tiVignia
pancr e8GFE, bnd eimtohat@nslthersof. (b) expanding the stemcell ex vivo to
produce a progenitor cell; and (c) transferring the progenitor cell into

t he patj ent, erein the progenijtor || differentiates into . an L

| noul -Stsnl Sy ik acttehie o8l e, etn LT heih ghe sy oo Tstring b
14, 18pasformed vipisadascepit tetrogratle spectionr ves as the donor for said stemcells
of step a. 21. Use of stemcell according to claim13, 14, 18 or 19,

wher ei i NGL.j f i _
o ect S gt R pSRRRELIR £ R o RGN e 3la ¥ 2
HGF/ SF, GLP®)treating f patignt withamimmunesupesssive ageat-nol ecul e encodi ng | DX- 1,

betacellulin, activin A TG (3 and conbinations thereof. 22. Use of stem
cel | agg QididtqtehPedt] RcHddD, to Mbim1, Whedeth th}éhﬁ:hﬁhﬂstﬁagl%sﬁ%e&eﬁﬂc islsbi@fed &bfd N9
is perforned vi.a, enggﬁc I C [etro ra(gg?qﬁg ecH)o . 23. Use of stemcell
accor diig 8 CIUTHEL3 142 PEBPIB 2 orfaf ?fﬂ‘ésorrpri sing the step of:
(d) treating the patient with an i mmunosuppressi ve agent. 24. Use of stem
cel | agTof Gethgd bPisclatihdd &&m cal Gt Npdridfealid¥leN OFLRIRERES, YEmBERIY the StepLdfect ed
from th‘Ea)glreﬁﬁi?in%%%hc%zltﬁ%l@tffrd%hﬁ%or; cycl osporin, and GAD65 anti bodi es.

(b) culturing cells from the pancreatic islet; and

(c) selecting a nestin-positive clone from the culture.

. 38. The method of claim 37, wherein said nestin-positive clone is also an ABCG2-positive clone.

39. The method of claim 37, wherein said nestin-positive clone is also positive for at least one of the
markers selected from the group consisting of Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1,
Nestin, Integrin subunits a6 and B, C-kit, MDR-1, SUR-1, or Kir 6.2.

40. The method of claim 37, wherein said nestin-positive clone does not express at least one of the
markers selected from the group consisting of CD34, CD45, CD133, MHC class I and MHC class
1L :

41. 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 an ABCG2-positive clone from the culture.
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25. A nestin-positive pancreatic stemcell for use in the treatnment of a
patient with diabetes nellitus conprising: 67 24 March 2006 (a) isolating
the nestin-positive pancreatic stemcell froma pancreatic islet of a
donor; (b) expanding the stemcell to produce a progenitor cell; (c)
differentiating the progenitor cell in culture to form pseudo24dMasath 200ke
aggregates; and (d) transferring the pseudo-islet |ike aggregates into the
patient. 26. Use of an nestin-positive pancreatic stemcell in the
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a progenitor cell; (c) differentiating the progenitor cell in culture to
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| at rophi Li n e s- 1, .Nestin, .Integrin subunits a6 and (31, CKkit,
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46. The method of claim 45, wherein said nestin-positive pancreatic stem cell is also an ABCG2-
positive clone.

47. The method of claim 45, wherein said nestin-positive pancreatic stem cell is also positive for at
least one of the markers selected from the group consisting of Oct3/4, GLP-1 receptor, latrophilin
(type 2), Hes-1, Nestin, Integrin subunits a6 and 1, C-kit, MDR-1, SUR-1, or Kir 6.2.

48. The method of claim 45, wherein said nestin-positive pancreatic stem cell does not express at
least one of the markers selected from the group consisting of CD34, CD45, CD133, MHC class 1
and MHC class II.

49. A method of inducing the differentiation of an ABCG2-positive pancreatic stem cell into a
pancreatic progenitor cell, comprising the step of:

treating an ABCG2-positive pancreatic stem cell with an agent selected from the group
consisting of EGF, bFGF-2, high glucose, KGF, HGF/SF, IDX-1, a nucleic acid molecule encoding
IDX-1, GLP-1, exendin-4, betacellulin, activin A, TGF-$, and combinations thereof, whereby the
stem cell subsequently differentiates into a pancreatic progenitor cell.
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(b) expanding the stemcell to produce a progenitor cell; (c)
differentiating the progenitor cell in culture to form pseudo-islet |ike
aggregates; and (d) transferring the pseudo-islet |ike aggregates into the
patient. 68 24 March 2006 32. Use of stemcell according to claim25, 26,
30 or 31, wherein the patient serves as the donor for said s2éMacai 20060f
step a. 33. Use of stemcell according to claim?25, 26, 30 or 31, wherein
the step of expanding is performed in the presence of an agent sel ected

from t§e Teonpthe® i Sdinngs &k BGwhebdntHthe? parlth@iic Progane: cdfiGhubseddehilySforms
GLP- Ielfﬁ%‘ﬁpglephéﬁ %ﬁ%‘k a nucleic acid rml ecul e encodi ng Bd-1,
ac

bet ac TGF- (3, and conbinations thereof. 34. Use of stem
cell according to claim?25, 26, 30 or 31, wherein the step of transferring

i s peff. dmnedated, acgidesitipihomas paaggasider livgretehi @hl.thadds nddameohl sémoeltel |
according to claim25, 26, 30 or 31 additionally conprising the step of.

(e) tr ati an. i nmunosuppr 36. Use of stem
cel | gﬁ%ﬁ%ﬂ[j ?e(’f’? ﬁﬁf?g“"\%ewg?rﬁ‘ntsﬁ’él CIeM ﬁ%gpggéqs’\%eagent i s sel ected
from the group consisting of FK-506, cyclosporin, and GAD65 anti bodi es.
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sai d nestin-positive clone is also an ABC&Z-positive clone. 39. The met hod
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and. (31, CGkit, MOR-1, SUR1, or Kir 6. 2 40 The net hod of claim 37,

wher ei 5. i igbl 168 tABCG%bhtN@hLﬁﬁﬁﬂ%n&@@t& GHbve£26Hh RSIB thdk isliBRS heud Bted cdine
mar ker's sel ect ed fromthe group consi sting of CD34, CD45, CD133, MHC cl ass

| and MHC cl ass A _method of isolating a stemcell froma
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s et prn ciursihBGhd BY, AR ARBR1 PRSR 1 ¥R one from the culture.

57. The isolated cell of claim 55, wherein said cell does not express at least one of the markers
selected from the group consisting of CD34, CD45, CD133, MHC class I and MHC class 1.

58. The isolated stem cell of claim 55, wherein said cell does not express at least one of the markers
selected from the group consisting of CD34, CD45, CD133, MHC class I and MHC class IL

59. The isolated stem cell of claim 51 or 55, that differentiates to form insulin-producing beta cells.

60. The isolated stem cell of claim 51 or 55, that differentiates to form glucagon-producing alpha
cells.

61. The isolated stem cell of claim 51 or 55, that differentiates to form pseudo-islet like aggregates.
62. The isolated stem cell of claim 51 or 55, that differentiates to form hepatocytes.
63. 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.
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69 24 March 2006 42. The nethod of claim 37 or 41, wherein the culturing is
first perfornmed in a vessel coated with concanavalin A and then again
performed in a vessel not coated with concanavalin A 43. The nethod of
claim37 or 41, conprising the additional step of: (d) expanding the
nestin-positive clone by treatnment with an agent sel ected fr o2%Muechg2(96p
consisting of EGF, bFGF2, high glucose, KG-, HG-/ SF, G.P-1, exendin-4,

I DX-1, a nucleic acid nolecule encoding IDX-1, betacellulin, activin A
TG~ (3, and conbinations t hereof . 44. The nmet hod of claim 41 conprising t he
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pancreatic-s en1ce| conprising the
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46. The net hod of claim45, wherein said nestin-positive pancreatic sten1
cel | i66.dhs medddABCIHEN 6P BitHel Y@nssRipahe éép ofthe met hod of claim 45, wherein
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one of. the consi's

r ecept Bcome HY‘Thithear(t{b%%ﬂ‘E)ceuﬁégﬁ 1ie§|@§§§tﬁmqe tegrin subunits a6 and
(31, Gkit, MDR1, SUR1, or Kir 6.2. 48. The nethod of claim 45, wherein

tsﬁl d ngBtiHe- Aemb lto\febmﬁln@z CRikthé &IngH ns%hgd@ﬁﬁ oh@ém@eﬁﬂg%@ cBll wiltPahbepide Of
e nmar ct,e

ol ass iody g BALFD 4 et 33 iR iohb chthigina T b4 BFR, ERE SV

an ABCHsssgsafl (NEE Cﬁﬁéﬁélr sdereby &f hencelk Hpesinet beepmegabaledbwith therpnihedsi theceld il | |
conpr i ®emtficdae asteapeelif . treati ng an ABC&X2-positive pancreatic stem cel

wi th an agent selected fromthe group consisting of EGF, bFG--2, high

gl ucos G-( SE, .IDX-1,.a nucleic acid nolecul e _encodin | DX- 1
GLP-1, g%x*e( mﬁﬂw'j Bdpcies P INgRtithposi e RAfrealic step. 1@@ CTERAR e HEROCtes,
thereoﬁnmmhegébymtﬁ&f stem cell subsequently differentiates into a

pancreati c a8 M MstifPbsitive pancreatic stem cell with an effective amount of an agent that
induces the stem cell to differentiate into hepatocytes or into progenitor cells that differentiate into
hepatocytes.

69. The method of claim 68, wherein said nestin-positive pancreatic stem cell is also ABCG2-
positive.

70. The method of claim 68, wherein said nestin-positive pancreatic stem cell is also positive for at
least one of the markers selected from the group consisting of Oct3/4, GLP-1 receptor, latrophilin
(type 2), Hes-1, Nestin, Integrin subunits a6 and 31, C-kit, MDR1, SUR-1, or Kir 6.2.

71. The method of claim 68, wherein said nestin positive pancreatic stem cell does not express at
least one of the markers selected from the group consisting of CD34, CD45, CD133, MHC class I
and MHC class II.

72. A method of inducing an ABCG2-positive pancreatic stem cell to differentiate into hepatocytes,
comprising the step of?
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70 24 March 2006 50. The nethod of claim45 or 49, wherein the pancreatic
progenitor cell subsequently fornms pseudo-islet |ike aggregates. 5 1. An
i sol ated, nestin-positive human pancreatic or liver stemcell that is not a

neural stemcell. 52. The isolated stemcell of claimb51l, wherein said cell
is al so ABC&R-positive. 53. The isolated stemcell of claim 524 Mdeet 2006
said cell is also positive for at | east one of the mnarkers selected from

the group consisting of Cct3/4, G.P-1 receptor, latrophilin (type 2),
Hes-1, Nestdafing (Het 2BCEGD p%sitw@ ﬁ&r@ﬁc areh ée?llmtﬁaﬂf Ieffectﬂvl%)%nlaumsdﬁnla e thifl T
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positive for at |east one mar K cted fromthe group
consisting of Cct3/4, GP-1 receptor, latrophilin (type 2), Hes-1, Nestin,
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from the grleppocaasi sting of CD34, CD45, CD133, MHC class | and MHC cl ass
1. 59. The isolated stemcell of claim51 or 55, that differentiates to

formi lin- roducm{igsbeta cel l.s. 1 solat dste}mcell of cIa|m51
or 55, 7% e o p PP it e PansTeptic ﬁre& Ge! g} priempegifipr fopthe The
i sol atfé@t@@l@@f@eﬂleﬂbfwtbIhaelrdlﬁﬁsemonﬁﬁl,slnghat d| ffer ent| ates to form
Fﬁ e;Jdg ;@)Q’Solhﬂiﬂg&h@ﬁl@hﬁ tifiSe peﬁﬁreaﬁ@tﬁeinscgh %Toﬁfja ﬁi@f@aﬁ@fsiet Qf a &%ﬂ%l‘ @l or 55,
a i r s,to r y, nt i
ey ot (8 “%ﬁeﬁ‘@ Ot QU RRE( BEafgnr, Serdih TFE 3Rfh BEL Akbtalds" hed g

W|th alab e@ﬁo%%tl n- speC|f|c ant i body, V\/nereby |f the cell becorres
| abeled wth the antibody the cell is identified as a stemcell. 71 24

March 2008 @ffsteﬂi%ﬂ ﬁ@éoﬂﬁﬁ'% Rf c1Gh P65, (\;@Wefﬁ]%gq[ ﬁégfﬂg Bbsﬁﬁ@pa&ﬁ%a!ﬁé §bm Q,Fll is

cont act,i n g W abel ed antib s to a marker selected
from the ‘g? 93 BEW&Ssti ng of ABC®, Oct 3/4 GLP-1 receptor, latrophilin
(type 2), Hes-1, Nestin, Integrin subunlts a6 and (31, C-klt, MDR-1, SUR-1,

or Ki r7% e of stem cell according to claim 74 or 75, wherein said nestin-positive pancreatic stem cell is
also positive for at least one of the markers selected from the group consisting of Oct3/4, GLP-1
receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits o6 and B1, C-kit, MDR-1, SUR-1, or
Kir 6.2.

78. The method of claim 74 or 75, wherein said nestin positive pancreatic stem cell does not express
at least one of the markers selected from the group consisting of CD34, CD45, CD133, MHC class I
and MHC class I1.

79. An ABCG2-positive pancreatic stem cell for use in the treatment of a patient with liver disease
comprising:
(a) isolating the ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor; and
(b) transferring the stem cell into the patient, wherein the stem cell differentiates into a
hepatocyte.

80. Use of an ABCG2-positive pancreatic stem cell in the manufacture of a composition for the
treatment of a patient with liver disease comprising:
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whereby if the cell becones |abeled with the antibody the cell is
identified as a stemcell. 65. Use of stemcell according to claim 36
further conprising the step of: contacting the cell with a | abel ed
cytokeratin-19 specific antibody, whereby if the cell does not becone

| abel ed with the antibody the cell is identified as a stem cel# Magdh 20Dhe
nmet hod of claim 63 further conprising the step of: contacting the cell wth
a | abel ed collagen IV specific antibody, whereby if the cell does not
becone | ed)dbsgting th ABG2atsitive hndréic Gk cellSrdnil @ Phrchdatitl isks ofa dbm 4dl | . 67.
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hepat O&:%‘ﬁp?i%i 69. The nethod of claim68, wherein said nestin-positive
pancreati _snlg'em cell is al.so ABC&- positjive. 70. The nethod of claim 68,
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| east onéb)axpatuingihe kiemseel ek edtoad pfadoce 4 pregerienpelandi sting of Cct 3/ 4,
GLP-1 re@%ﬁ?&fi’lﬁfeﬂl ttﬁ@ﬁﬂ%’é&ﬂiﬁr céll WRPthepatidie SwilereiNGRS ArBgentDf QUM differShtiidd ih® a6
and (31, Ckit : 1, SOR-1, or Kir 6.2. 71. The matigﬁod of claim 68,
wherei n sai f’ﬁ%gf fi positive pancreatic stemcell does not express at
| east one of the markers selected fromthe group consisting of CD34, CD45,
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84. Use of stem cell according to claim 82 or 83, wherein said nestin-positive pancreatic stem cell is
also ABCG2- positive.

85. Use of stem cell according to claim 82 or 83, wherein said nestin-positive pancreatic stem cell is
also positive for at least one of the markers selected from the group consisting of Oct3/4, GLP-1
receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and Bl, C-kit, MDR-1, SUR-1, or
Kir 6.2.

86. Use of stem cell according to claim 82 or 83, wherein said nestin positive pancreatic stem cell
does not express at least one of the markers selected from the group consisting of CD34, CD45,
CD133, MHC class I and MHC class II.

87. An ABCG2-positive pancreatic stem cell for use in the treatment of a patient with liver disease
comprising:

(a) isolating the ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor;

(b) expanding the stem cell ex vivo to produce a progenitor cell; and
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74. A nestin-positive pancreatic stemcell for use in the treatnment of a
patient with liver disease conprising: (a) isolating the nestin-positive
pancreatic stemcell froma pancreatic islet of a donor; and (b)
transferring the stemcell into the patient, wherein the stem cel
differentiates into a hepatocyte. 75. Use of a nestin-positi ¢éMrmechc2@atic
stemcell in the manufacture of a conposition for the treatnent of a
patient with Iiver disease conprising: (a) isolating the nestin-positive
pancr eat i(© tdnefirtRl the brogenitor NGt EBieipatidrd| Whersth & SOf@tor elidtiffékntiates into
transferri e%ﬁ%ﬁﬁée"106|l into the patient, wherein the stem cel
differentiates into a hepatocyte. 76. Use of stemcell according to claim
74 or 75, wherein said nestin-positive pancreatic stemcell is also ABCX-
posi ti 8. Ust7f dds&BOI2giositive glahcreaticostetn rgll tio tied manufdewerof 7beonfaitonfos died
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t he markers. selected.f the group consi st of COct3/4, P-1 receptor,
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mar ker s sel§$%550$%on1the group consi sting of CD34, 5, CD 133, WMHC cl ass
clras B

| and MHC 79. An ABCRX2-positive pancreatic stemcell for use in
the treatment of a patient with liver disease conprising: (a) isolating
t he ABEGYIsposstemwell pactediagto clamit 820 83eBT of 8&ymiergiatierpadéntceived &t theloordanor ;
and (bgaid &i@RSEIRIdriskg of he stemcell into the patient, wherein the stem cel
differentiates into a hepatocyte. 80. Use of an ABCRX2-positive pancreatic
stemcell in the manufacture of a conposition for the treatnent of a
pat i en?0-wit pestin-pesitivg pangseatie siepy ¢all fogusy B the tieatragnt 2fe@atient widolivaridiggasehe
ABCG2- gasprisinge pancreatic stemcell froma pancreatic islet of a donor; and
(b) tran W 1 e, c: ' ' - e m cel
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74, 75, tergpriating dhegiem CRECHUYP ihprodisederaecyifiéndonor f or

(c) transferring the hepatocyte into the patient.

91. Use of a nestin-positive pancreatic stem cell in the manufacture of a composition for the
treatment of a patient with liver disease comprising:

(a) isolating the nestin-positive pancreatic stem cell from a pancreatic islet of a donor;

(b) differentiating the stem cell ex vivo to produce a hepatocyte; and

(c) transferring the hepatocyte into the patient.

92. Use of stem cell according to claim 90 or 91, wherein said nestin-positive pancreatic stem cell is
also ABCG2- positive.

93. Use of stem cell according to claim 90 or 91, wherein said nestin-positive pancreatic stem cell is
also positive for at least one of the markers selected from the group consisting of Oct3/4, GLP-1
receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and B1, C-kit, MDR-1, SUR-1, or
Kir 6.2.

~ 94. Use of stem cell according to claim 90 or 91, wherein said nestin positive pancreatic stem cell
does not express at least one of the markers selected from the group consisting of CD34, CD45,
CD133, MHC class I and MHC class II.
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said stemcells of step a. 82. A nestin-positive pancreatic stemcell for
use in the treatnent of a patient with liver disease conprising: (a)

i solating the nestin-positive pancreatic stemcell froma pancreatic islet
of a donor; (b) expanding the stemcell ex vivo to produce a progenitor
cell; and (c) transferring the progenitor cell into the patieg4Mankte?®@ion
the progenitor cell differentiates into a hepatocyte. 83. Use of a
nestin-positive pancreatic stemcell in the manufacture of a conposition
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ABCCQ positive pancreati c stem cel | for use in the treatnent of a patient
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ex vi vigid e éteg apr ogeni tor cel | ; and 74 24 Narch 2006 (c) transferring
the progenitor cell into the patient, wherein the progenitor cell

T A e L L A
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99. A pharmaceutical composition comprising the isolated stem cell of claim 52 admixed with a
physiologically compatible carrier.

100. A pharmaceutical composition comprising the isolated stem cell of claim 55 admixed with a
physiologically compatible carrier.

101. A method of pre-inducing a state of immune tolerance prior to organ transplantation in a
mammal, comprising the steps of:

(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a donor;

(b) transplanting said nestin-positive pancreatic stem cells into a transplant recipient;

(c) inducing a state of immune tolerance in the recipient toward the donor's stem cells;

(d) transplanting an organ from said donor to said recipient without the administration of
immunosuppressive drugs.

102. 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 under conditions wherein said cultured cells
comprise nestin-positive cells which have been migrated from said islet; and

(c) selecting said nestin-positive cells from the culture.
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(a) isolating the ABCX-positive pancreatic stemcell froma pancreatic
islet of a donor; (b) expanding the stemcell ex vivo to produce a
progenitor cell; and (c) transferring the progenitor cell into the patient,
wherein the progenitor cell differentiates into a hepatocyte. 89. Use of
stemcell according to claim82, 83, 87 or 88, wherein the palidrclsH0ées
as the donor for said stemcells of step a. 90. A nestin-positive
pancreatic stemcell for use in the treatnment of a patient with |iver

di sease conprising: (a) isolating the nestin-positive pancreatic stem cel

froma, pancreati ¢ slet donor, . differentiating the stemcell ex
vivo. cRoTEEERE0 of 38 4B R midbo BT T bS8 Te  nto the
patient. 91. Use of a nestin-positive pancreatic stemcell in the

manuf aifid4uAenethodofiestiiiel 4 stan célDfrothgantegtal islendf Iahgahia] doiprisitgtiie dtdpser

di seasg. conprising: (a) isolating the nestin-positive pancreatic stemcell
froma pancreatic iglet of a donor; (b) differentiating the stemcell ex
vivo to gar)cfﬁ’ﬁi'%m&s% g ffEpm @ papcpsayic isled o L angerhags:@Ad hepat ocyte into the
pat i ent . (9Zepasstingrhaidsttencabfrbmaelowbichgretmt stkemicell®0 or 91, wherein said
nestin-positive pancreatic stemcell is also ABC&- positive. 93. Use of

stem cgld ,accordi to claim or 91 er.ei aid nestin-positiv

pancr o A 6EA cdPbibing™ Qe elp S RpnoP R Sl oI Rbperte PR W

sel ect®d fromthe group consisting of Oct3/4, GLP-1 receptor, latrophilin
(type 2) (a)Hemwiing hipahdrenticlislétepnh Adsntipyni ts a6 and (31, CGkit, MOR- 1, SUR-1,
or Ki T oyZuiifing LR £n b LA i6HGG0L HrltGesd bRl Wi SoRlanlasipulier e n sal d
nestin pg itl vrg gPancpﬁe tic stemce oe not%%ggﬁss at ast one of the
mar ker s S8 EAUSIEHING SSHY FRR SEPQUB aéS?Ps"udsVFFSﬁEm&PO it : ,a"agf)f’%, VHC cl ass
| and NMHGDodudtysing ¢ells fimnptevainciaid2@081dosssehte paBiiee apdsculivves pancreatic stem
cell for (@Ss@lebﬁhg&ﬁestéfégﬁﬁﬂ’ﬁé\éelmorﬂsﬂéﬁ'fdit@ todubd 4h ikd1yed stdins@ase conpri sing:
(a) isolating the ABC&X-positive pancreatic stemcell froma pancreatic
islet of a donor; (b) differentiatinq the stemcell ex vivo to produce a

hepat o3 dbe isglgtpdstem ¢qllpfetaim Sl 0g SoHeolpted by Seyrathqdpislame 1pHa2, dft or 105.

107. A pharmaceutical composition comprising the isolated stem cell of claim 106 admixed with a
physiologically compatible carrier.
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96. Use of an ABCX2-positive pancreatic stemcell in the manufacture of a
conposition for the treatnent of a patient with Iiver disease conpri,si.ng:
(a) isolating the ABC&-positive pancreatic stemcell froma %én@ﬁgabﬁﬁ
islet of a donor; (b) differentiating the stemcell ex vivo to produce a
hepat ocyte; and (c) transferring the hepatocyte into the patient. 97. Use
of stemcell according to claim90, 91, 95 or 96, wherein the patient
serves as the donor for saidesteineeidss of step a. 98. A pharnaceuti cal
conposition conprising the isolated stemcell of claimb51l adm xed with a
physi ol ogically conpatible carrier. 99. A pharmaceutical conposition
conprising the isolated stemcell of claim52 adm xed wth a

physi of 'dgr c ARF§AEBRPAEI Hire 2 afiPFRIF21 100. A pharnmaceutical conposition
conprising the isolated stemcell of claim55 adm xed with a
physi ol ogically conpatible carrier. 101. A nethod of pre-inducing a state
of I mMune.t eef arees Rkl He §91REIHN LEERRERIARLATHON bBe an PRIAVRLG pCAXREL SI NG
the stequsiefs (a) isolating a nestin-positive pancreatic stemcell froma
pancreatic islet of a donor; (b) transplanting said nestin-positive
pancreatic stemcells into a transplant recipient; (c) inducing a state of
i nmune ﬁpleﬁgggpzin the recipient toward the donor's stemcells; (d)
transpTaRfing H‘SP%an fromsaid donor to said recipient without the

adm ni stration of imunosuppressive drugs. 102. A nethod of isolating a
stemcell froma pancreatic islet of Langerhans, conprising the steps of:
(a) remwingioa pamsseater i slet froma donor; (b) culturing cells fromthe
pancreatic islet under conditions wherein said cultured cells conprise
nest i ns33si t3°%0¢ ¥ekfs whi ch have been migrated fromsaid islet; and (c)

sel ecti saj estin-positive cells fromthe culture. 76 24 March 2006
103. Tﬁ%%ﬁe?ﬁgaﬂhggzlain1102, wherein said mgrated cells fromstep b form
a nonolayer 203944 A met hod of isolating a stemcell froma pancreatic islet
of Langerhans, conprising the steps of. (a) renoving said stemcell froma
pancr eatsce i et/%t ., d7@nger hans; and
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<150> US 10/136,891
<151> 2002-05-02

<160> 61

<i70> PatentIn version 3.1
<210> 1

<211> 1618

<212> PRT

<213> Homo sapiens

<400> 1

Met Glu Gly Cys Met Gly Glu Glu Ser Phe Glnn Met Trp Glu Leu Asn
1 5 10 15

Arg Arg Leu Glu Ala Tyr Leu Gly Arg Val Lys Ala Leu Glu Glu Gln
20 25 30

Asn Glu Leu Leu Ser Ala Gly Leu Gly Gly Leu Arg Arg Gln Ser Ala
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(b) separating said stemcell fromcells which are not stemcells. 105. A
nmet hod of isolating a stemcell froma pancreatic islet of Langerhans,
conprising the steps of: (a) renobving a pancreatic islet froguﬁg@%aﬁé (b)
culturing cells fromthe pancreatic islet in a first vessel a 0§
concanavalin A; (c) transferring cells fromstep b to a second vessel not
coated with concanavalin A; (d) culturing cells fromstep ¢ in said second
vessel to preguce a cell cultyre; (e) selectifgg a nestin-positive cell from
step d to produce an isolated stemcell. 106. The isolated stemcell of
claim51 or 55, isolated by the nethod of claim4l, 102, 104 or 105. 107. A
phar meseuthc 86 Fonposi icoAicddprissi iy Ehe Lesclliat &g s¢weArgel | of claim 106
admi xed wwth a physiol ogPegally conpatibl &%arrier. 77 2 4 MAR 2006
SEQUENCE LI STI NG <110> Massachusetts Ceneral Fbspital <120> Stem Cel | s of

the Islatg.of f@g ehh; Thelr, Lheqin 1’ AR Mel | itus
<130>3284/ 1238B < 40>l\%‘5|9 Y%A gg GN% i4f> ‘8‘8‘ 9% %10>10/ 120, 687
<141>2002- 04- 11 <150>US 09/ 963, 875 <151>2001- 09 26 <150>US 10/ 136, 891
<151>2002- 05- 02 <160>61 <170>Patentln version 3.1 <210>1 <211>1618 <212>PRT

<213>Howorsmpireisy Ala Glu Giu Leu Glu Gly val Ala Gly Arg Cys Glu
85 90 55

Gln Leu Arg Leu Ala BArg Glu Arg Thr Thr Glu Glu Val Ala Arg Asn
100 105 110

Arg Arg Ala Val Glu Ala Glu Lys Cys Ala Arg Ala Trp Leu Ser Ser
115 120 125

Gln Gly Ala Glu Leu Glu Arg Glu Leu Glu Ala Leu Arg Val Ala His
130 135 140

Glu Glu Glu Arg Val Gly Leu Asn Ala Gln Ala Ala Cys Ala Pro Arg
145 150 155 160

Leu Pro Ala Pro Pro Arg Pro Pro Ala Pro Ala Pro Glu Val Glu Glu
165 170 175

Leu Ala Arg Arg Leu Gly Glu Ala Trp Arg Gly Ala Val Arg Gly Tyr
180 185 130

Gln Glu Arg Val Ala His Met Glu Thr Ser Leu Asp Gln Thr Arg Glu
185 200 205

Arg Leu Ala Arg Ala Val Gin Gly Ala Arg Giu Val Arg Leu Glu Leu
210 215 220

Gln Gin Leu Gln Ala Glu Arg‘Gly Gly Leu Leu Glu Arg Arg Ala Ala
225 230 235 240

Leu Glu Gln Arg Leu Glu Gly Arg Trp Gln Glu Arg Leu Arg Ala Thr
245 250 255

Glu Lys Phe Glno Leu Ala Val Glu Ala Leuw Glu Gln Glu Lys Gln Gly
260 265 270




<400>1 Met Gu Gy Cys Met Ay Qu Gu Ser Phe A n Met Trp Gu Leu Asn 1 5
10 15 Arg Arg Leu Qu Ala Tyr Leu Ay Arg Val Lys Ala Ley Au Gu Adn 20
25 30 Asn Gu Leu Leu Ser Ala Ay Leu Ay Gy Leu Arg Ar'g b#ﬁ%@ﬂﬂwa 2 4
MAR 2006 35 40 45 Asp Thr Ser Trp Arg Ala H's Ala Asp Asp Qu Leu Ala Al a
Leu Arg 50 55 60 Ala Leu Val Asp A n Arg Trp Arg Gu Lys Hs Ala Ala Gu
Val Ala 65 70 75 80 Arg Asp Asn Leu Ala Qu GQu Leu Qu Ay Val Ala dy
Arg Cysedbith 85 A0 96 G heWwA God Bt AhQ AG0cd B1\igu Fhe Thr Gu G u Val
Ala Arg Asn 2360 105 110 Arg #ang Ala Val Qu AMsa Gu Lys Cys Ala Arg Ala
Trp Leu Ser Ser 115 120 125 G n Qy Ala Qu Leu Gu Arg Qu Leu Qu Al a
Leu Arg Val Ala Hs 130 135 140 Qu GQu GQu Arg Val Gy Leu Asn Ala dn
Ala Al g4 AYS MSboSHr §oU £45 P80t UsEah g2 By Pfo”M d"Pri$vPro Arg Pro Pro
Ala Pro A& Pro Qu Val G“%4°Au 165 170 1% Leu Ala Arg Arg Leu Ay G u
Ala Trp Arg Ay Ala Val Arg Ay Tyr 180 185 190 A n GQu Arg Val Ala H s
Met QG teulBriu 386 d1QUAAS BefaRg T ALY TR Wrol8S 200:2P%-Ang:Leu Ala Arg Al a
Val Gms@y Ala Arg duaival Arg Leu d wikeu 210 215 22003 n A n Leu A@n
Ala Gu Arg Gy Gy Leu Lou Gu Arg Arg Ala Al a

Thr Ser Leu Ser Phe Gln Asp Pro Lys Leu Glu Leu @ln Phe Pro Arg
325 330 335

Thr Pro Glu Gly Arg Arg Leu Gly Ser Leu Leu Pro Val Leu Ser Pro
340 345 350

Thr Ser Leu Pro Ser Pro Leu Pro Ala Thr Leu Glu Thr Pro Val Pro
55 360 365

Ala Phe Leu Lys Asn Gln Glu Phe Leu Gln Ala Arxrg Thr Pro Thr Leu
370 375 380

Ala Ser Thr Pro Ile Pro Pro Thr Pro Gln Ala Pro Ser Pro Ala Val
385 390 355 400

Asp Ala Glu Ile Arg Ala Gln Asp Ala Pro Leu Ser Leu Leu Gln Thr
405 410 415

Gln Gly Gly Arg Lys Gln Ala Pro Glu Pro Leu Arg Ala Glu Ala Arg
420 425 430

Val Ala Ile Pro Ala Ser Val Leu Pro Gly Pro Glu Glu Pro Gly Gly
435 440 445

Gln Arg Gln Glu Ala Ser Thr Gly Gln Ser Pro Glu Asp Hig Ala Ser
450 455 4860

Leu Ala Pro Pro Leu Ser Pro Asp His Ser Ser Leu Glu Ala Lys Asp
465 470 475 480

Gly Glu Ser Gly Gly Ser Arg Val Phe Ser Ile Cys Arg Gly Glu Gly
485 4890 495

Glu Gly Gln Ile Trp Gly Leu Val Glu Lys Glu Thr Ala Ile Glu Gly
500 505 510




225 230 235 240 Leu Gu G@n Arg Leu Qu Ay Arg Trp Adn GQu Arg Leu Arg Ala
Thr 245 250 255 G u Lys PheGn Leu Ala Val Qu Ala Leu gq} @ﬁrﬁ E@é Lys G n
Gy 260 265 270 2 1 4 MAR 2006 Leu G n Ser Gn lle Ala n Gu Gy
Arg Gn A@n Leu Ala 275 280 285 His Leu Lys Met Ser Lou Ser Lou G u Val
Ala Thr Tyr Arg Thr Leu 290 295 300 Leu Qu Ala Qu Asn Ser Arg Lou @n
Thr Pro Ay Ay @y Ser Lys 305 310 315 320 Thr Ser Leu Ser Phe @ n Asp
Pro Lys Leu Qu Leu G n Phe Pro Arg 325 330 335 Thr Pro Qu Gy Arg Arg
Leu GnysSed1 kel deelsdlr feValn logd Sar 1R erp 340 345:858shewSer Leu Pro Ser
Pro Leu Pro Alm Thr Leu Gu Bap Pro Val Pro =385 360 365 Ala Phe Leu Lys
Asn G n QQu Phe Leu An Ala Arg Thr Pro Thr Leu 370 375 380 Ala Ser Thr
Pro lle Pro Pro Thr Pro An Ala Pro Ser Pro Ala Val 385 390 395 400 Asp
Aa Qi IE AVY Aral'E ?\“52?;9 AR Bro'tedrSeru 1By BEuCH A™hr 405 410 415
Adn dy Gy Arg Lys dn a Pro Gu Pro Ler’ﬁOArg Ala Gu Ala Arg 420 425
430 Val Ala lle Pro Ala Ser Val Leu Pro Ay Pro Qu Gu Pro dy Ay 435
440 445Gy B G e ALRL S8k cRr ofd ¥eH1RuSeE B01LG widsp His Ala Ser

450 4585460 Leu Ala PresPro Leu Ser Pres#sp His Ser Semssheu G u Ala Lys Asp

Asn Gln Ser His Glu Thr Leu Glu Arg Glu Asn Gln Glu Cys Pro Arg
565 570 575

Ser Leu Glu Glu Asp Leu Glu Thr Leu Lys Ser Leu Glu Lys Glu Asn
580 585 590

Lys Arg Ala Ile Lys Gly Cys Gly Gly Ser Glu Thr Ser Arg Lys Arg
585 600 605

Gly Cys Arg Gln Leu Lys Pro Thr Gly Lys Glu Agsp Thr &Gin Thr Leu
610 615 620

Gln Ser Leu Gln Lys Glu Asn Gln Glu Leu Met Lys Ser Leu Glu Gly
625 630 635 640

Asn Leu Glu Thr Phe Leu Phe Pro @Gly Thr Glu Asn Gln Glu Leu Val
645 650 655

Ser Ser Leu Gln Glu Asn Leu Glu Ser Leu Thr Ala Leu Glu Lys Glu
660 665 670

Asn Gln Glu Pro Leu Arg Ser Pro Glu Val Gly Asp Glu Glu Ala Leu
675 680 685

Arg Pro Leu Thr Lys Glu Asn Gln Glu Pro Leu Arg Ser Leu Glu Asp
€90 655 700

Glu Asn Lys Glu Ala Phe Arg Ser Leu Glu Lys Glu Asn Gln Glu Pro
705 710 715 720

Leu Lys Thr Leu Glu Glu Glu asp Gln Ser Ile Val Arg Pro Leu Glu
725 730 735

Thr Glu Asn His Lys Ser Leu Arg Ser Leu Glu Glu Gln Asp Gln Glu
740 745 750




465
dy

Trp
Val

Adn
Leu
Leu
Lys

Leu
Asn
Ser
670
680
690

470 475 480 Ay Qu Ser Ay Gy Ser Arg Val Phe Ser Ile
485490495GuGIyGInIIeTrpGIyLeuVaIGIuLysGIu
dy 500 505 510 3 2 4 MAR 2006 Lys Val

Gu Gu du Asp
Pro Leu Qu Lys

G n Ser

G u Thr
G hrCysr Gy TG yLeBe®l\GLys Tir Ber GAr gl yeg Mg A%085ei606u 605

Leu Lys PPo Thr Ay Lys @8 Asp Thr A n THH Leu

Leu Lys
Gu Arg Au Asn
Leu Lys

Ser

Leu
A u Thr
Thr

515 520 525 Asn Arg Lys G u |

Val Ser

530 535 540 Leu Lys Ser Leu Ay
545 550 555 560 Asn d n Ser

Leu Gu
G@n Qu Cys Pro Arg 565 570 575 Ser Leu
Leu Qu Lys Gu Asn

Gn Lys Gu Asn A n du Leu I\/Et Lys Ser

QE&‘&f §§§FP 0 Pr

Ser Leﬂ) éh‘]n
Asn G n Qu Pro Leu Arg Ser

685 Arg Pro Leu Thr

Phe LEHe

69Blu/Bfp Leu Lys Ser Leu Asp Gln

785

Glu

Val

Gln

Trp

Lys

865

Ile

Ser

Ser

Gln

Ser

945

Leu

Glu

Asn

Lys

Glu

Thr

850

Gly

Gln

Met

Gln

Glu

930

Ala

Ala

Ala

Gin

Ser

Asn

835

Pro

Asn

Thr

Glu

Arg

215

Ser

Asp

Gln

Glu

Glu

Leu

820

Leu

Glu

Ser

Pro

Pro

900

Asn

Leu

Val

Glu

Leu

Phe

805

Glu

Glu

Glu

Arg

Gly

885

Gly

Leu

Arg

Gln

Ser

265

Agsn

790

Leu

Thr

Thr

Tle

Thr

870

Arg

Glu

Glu

Ser

Arg

950

Pro

Leu

Lys

Glu

Leu

Asn

855

Thr

Gly

Phe

Glu

Leu

935

Trp

Pro

Arg

Ser

Ile

Lys

840

Lys

Gly

Glu

Glu

Giu

920

Glu

Glu

Gly

Glu

he;riu

Pro GI u Val

580 585 590 Lys

610 615
Leu u Ay 625

Cys Arg Ay GQu
Thr Ala Ile

I2 ‘!ﬂ“"ﬁfg@g@s& G‘Glunl e

Au lle
HIS A u Thr
Gu du Asp
Arg Ala Ile
Gy Cys Arg
620 G n Ser
630 635 640

A1) Gnadl Y Leu Val 645 650 655

uLys

G u 660 665

Ay Asp Au GQu Ala Leu 675

Lys Gu Asn G n Qu Pro Leu Arg Ser

Glu Ile Ala Arg Pro Leu Glu Asn

Leu

Leu

825

Ser

Ser

Val

Ser

Ile

905

Glu

Glu

Asp

Met

Gln

Lys

810

Glu

Pro

Gly

Cys

Gly

8380

Ser

Agn

Glu

Thr

Ala

970

Asp

795

Giu

Ser

Glu

Gly

Gly

875

Tle

Arg

Leu

Gly

Val

955

Gly

Gly

Glu

Leu

Thr

Asn

860

Ser

Ile

Gly

Gly

Gln

940

Glu

Val

Phe

800

Ser Val Glu Ala
815

Lys Ser Ala Gly
830

Gln Ala Pro Leu
845

Glu Ser Ser Arg

Glu Pro Arg Asp
880

Glu Ile Ser Gly
895

Val Asp Lys Glu
910

Lys Gly Glu Tyr
925

Glu Leu Proc Gln

Lys Asp Gln Glu
960

Glu Asn Lys Asp
975

Thr Gly Lys Glu

Leu Gu Asp




Gu Asn Lys Ju Ala Phe Arg Ser Leu Au Lys Qu Asn Gn du Pro 705 710
715 720 Leu Lys Thr Leu Gu Qu Qu Asp An Ser Ile Val Arg Proﬁu Au
725 730 735 Thr G u Asn H s Lys Ser Leu Arg Ser Leu Gu & 2 p A@n du
740 745 750 4 2 4 MAR 2006 Thr Leu Arg Thr Leu G u Lys Glu Thr Gn dn Arg
Arg Arg Ser Leu 755 760 765 Ay Qu G n Asp Gn Met Thr Leu Arg Pro Pro
GQu Lys Val Asp Leu 770 775 780 G u Pro Leu Lys Ser Leu Asp An Qu lle
Ala Arg Pro Leugghu Asn 785 790,595 800 A u Asngdg n G u Phe Leu Lys Ser
Leu Lys Gu Au Ser Val Gu Ala 805 810 815 Val Lys Ser Leu Qu Thr Qu
Ile Leu Gu Ser Leu Lys Ser Ala Gy 820 825 830 A n du Asn Leu GQu Thr
Leu Ly&EuSErl Ppb COMPIThPLYGEH: Akn Pep AleyThi885u 840 845 ThrpPEhr Pro A u G u
lle Asn Lys &% Ay Ay Asn @PB°Ser Ser Arg 8585855 860 Lys Gy Asn Ser
Arg Thr Thr Gy Val Cys Ay Ser Gu Pro Arg Asp 865 870 875 880 Ile @n
o PrikeGip A5 QY G UegeR. O Yo b 18 Gl cafprufiy, 885 890 895 Ser
Met Au Pipody A u Phe Gi:bj_lgl e Ser Arg Asp Lys"Au 900 905 910
Ser G n Arg Asn Leu Gu Gu Gu du Asn Leu Gy Lys Ay du Tyr 915 920

925 Adn Gu Ser Leu Arg Ser Leu du Au Au Ay G@n GQu Leu Pro dn 930
035 94%)ly Leu Val Glu Gly Ala Ser Val Lys Gly Gly Ala Glu Gly Leu
1025 1030 1035

Gln Asp Pro Glu Gly Gln Ser Gln Gln Val Gly Thr Pro Gly Leu
1040 1045 ' 1050

Gln Ala Pro Gln Gly Leu Pro Glu Ala Ile Glu Pro Leu Val Glu
1055 1060 1065

Asp Asp Val Ala Pro Gly Gly Asp Gln Ala Ser Pro Glu Val Met
1070 1075 1080

Leu Gly Sexr Glu Pro Ala Met Gly Glu Ser Ala Ala Gly Ala Glu
1085 1090 1095

Pro Gly Leu Gly Gln Gly Val @Gly Gly Leu Gly Asp Pro Gly His
1100 1165 ) 1110

Leu Thr Arg Glu Glu Val Met @Glu Pxro Pro Leu Glu Glu Glu Ser
1115 1120 1125

Leu Glu Ala Lys Arg Val Gln Gly Leu Glu Gly Pro Arg Lys Asp
1130 1135 1140

Leu Glu @Glu Ala Gly Gly Leu Gly Thr Glu Phe Ser Glu Leu Pro
1145 1150 1155

Gly Lys Ser Arg Asp Pro Trp Glu Pro Pro Arg Glu Gly Arg Glu
1160 1165 1170

Glu Ser Glu Ala Glu Ala Pro Arg Gly Ala Glu Glu Ala Phe Pro
1175 1180 1185

Ala Glu Thr Leu Gly His Thr Gly Ser Asp Ala Pro Ser Pro Trp
1190 1195 1200




Ser Ala Asp Val G n Arg Trp Qu Asp Thr Val Qu Lys Asp A n du 945 950
955 960 Leu Ala A n AQu Ser Pro Pro Ay Met Ala Gy Val Qu Asn Lys Asp
965 970 975 Au Ala Qu Leu Asn Leu Arg Au Gn Asp Ay qu}'meg]% Lys Gu
52 4 MAR 2006 980 985 990 Gu Val Val Au dn @y GQu Let Asn Ala Thr Gu
Gu Val Trp Phe 995 1000 1005 Pro Ay u Ay Hs Pro Gu Asn Pro Qu Pro
Lys Gu G@n Arg 1010 1015 1020 Gy Leu Val Qu Ay Ala Ser Val Lys Ay Ay
Ala G phdGyn Lety s102041080,1038:1. 30 Asp P10pE U WaHMySer G n A n Val Gy
Thr Pro Ghiyodeu 1040 104514060 G n Ala Proif(ds:n Ay Leu Pro Gu Ala lle Qu
Pro Leu Val Qu 1055 1060 1065 Asp Asp Val Ala Pro Gy Ay Asp A n Ala Ser
Pro Au Val Met 1070 1075 1080 Leu Ay Ser Qu Pro Ala Met Ay Qu Ser Ala
Al a d PIAFE GPEe Stp85 190 1098 Prec dly teutl yAe® ilaEgoval Ay Ay Leu Ay
Asp Pro G'%#%His 1100 1105'4%10 Leu Thr Arg*&% G u val Met Gu Pro Pro Leu
Gu Qu du Ser ills 1120 1125 Leu Gu Ala Lys Arg Val Gdn Ay Leu Gu Qy
Pro Argilysu Agpn pld30nldddcll41ded, @1t Guadl asG YCrEd/ly'—eU dy Thr du Phe
Ser Qu LewssPro 1145 115013465 Ay Lys Ser 14 Asp Pro Trp u Pro Pro Arg
Gudy Arg Qu -

Val Gln Gly Arg Ala Glu Ala Gly Lys Val Glu Ser Glu Gln Glu
1250 1255 1260

Glu Leu ¢Cly Sexr Gly Glu Ile Pro Glu Gly Leu Gln Glu Glu Gly
1265 1270 1295

Glu Glu Ser Awxg Glu Glu Ser Glu Glu Asp Glu Leu Gly Glu Thr
1280 1285 1250

Leu Pro Asp Ser Thr Pro Leu Gly Phe Tyr Leu Arg Ser Pro Thr
1295 1300 1305

Ser Pro Arg Trp Thr Pro Leu Glu Ser Arg Gly His Pro Leu Lys
1310 1315 1320

Glu Thr Gly Lys Glu Gly Trp Asp Pro Ala Val Leu Ala Ser Glu
1325 1330 1335

Gly Leu Glu Glu Pro Ser Glu Lys Glu Glu Gly Glu @Glu Gly Glu
1340 1345 1350

Glu Glu Cys Gly Arg Asp Ser Asp Leu Ser Glu Glu Phe Glu Asp
1355 1360 1365

Leu Gly Thr Glu Ala Pro Phe ©Leu Prec Gly Val Pro Gly Glu Val
1370 1375 1380

Ala Glu Pro Leu Gly Gln Val Pro Gln Leu Leu Leu Asp Pro Ala
1385 1390 1395

Ala Trp Asp Arg Asp Gly Glu Ser Asp Gly Phe Ala Asp Glu Glu
14G0 1405 1410

Glu Ser Gly Glu Glu Gly Glu Glu Asp Gln Glu Glu Gly Arg Glu
1415 1420 1425




1160 1165 1170 Gu Ser Qu Ala Gu Ala Pro Arg Ay Ala Qu Gu Ala Phe Pro
@y Ser Asp Ala Pro Ser
1190 1195 1200 6 2 4 MAR 2006 Pro Lou @y Ser Gu Gu A%yGAR Bl Asp Val

1175 1180 1185 Ala A u Thr

Pro Pro Val
Gu Asp Ala Pro
Ala Ser Trp Ay
Ser u dn Qu
A n 4 erdCGow Gaya
Leu Gy QGuBcThr
Arg Ser Pro Thr

Au

Val

Ser

Leu

Gly

Gly

Gly

Asn

Glu

His

Asp

Leu

Hi s Pro Le
Leu G%i Gxﬁu

y A u
Au Phe A u Asp
Pro G yerGvan Vakr
Leu Asp PrescAl a

Ala
147%

Ala
1490

Glu
1505

Met
1520

Gln
1535

val
i550

Ala
1565

Glu
1580

Leu
1595

Arg
15610

<210> 2

<211>

<212>

Gly

Glu

Arg

Glu

Gly

Met

Leu

Gly

Gly

Glu

4854

DNA

Leu Ay H's Thr

1205 1210 1215 Val

1235 1240 1245 Val

1295 1300 1305 Ser

;1310 1315
1325715350
1340 1345

Ala Pro Lys

Pro Ser Gly

Glu Asp Lys

Agp Ala Gly

Pro Asn Leu

Asn Gly Leu

Val Ser Glu

Ser Ala Leu

Gln Gly Gin

Ser Trp Ser

s

1465

Thr
1480

Ser
1495

Val
1510

Pro
1525

Glu
154¢

Glu
15556

Gly
1570

Lys
1585

Phe
1600

Ser
1615

Ser

0 Au Thr

Ala

Glu

Pro

Gly

Gly

Gln

Asp

Arg

Leu

Gly

Leu

Glu

Gly

Ala

Lys

Ser

Arg

Ser

Lys

Glu

Glu

Glu

Prao

Asp

Ser

Glu

Gly

Ser

Phe

Asp

Pro Ser
1220 1225 1230 Gy Leu dn Pro dn Ala Qu
Gn dy Arg Ala Au Ala
1250 1255 1260 Gu Leu Ay Ser Ay Qu lle
cl26bgl2f0cl2 75rddauy Gad Sar vAr g el wed neuSer
1280 128514200 Leu Pro Aspi&er Thr
Pro Arg Trp Thr

35THYY B Eﬁ‘

0 Qu du Q/s
1355 1360 1365 Leu Ay Thr
VAB 2 r13aA5 pA38QrArap Gy £%:01.beu g, w13 x1:aVal

Thr

Ser

Leu

ile

Gln

Glu

Ser

Ala

Thr

Pro Thr Tyr Thr

Lys G u

1470

Glu
1485

Asp
1500

Glu
1515

Ile
1530

His
1545

Ser
1560

Pro
1575

Gly
1520

Gln
1605

GH&% @Gu
y Arg Asp Ser
A u Ala Pro Phe

Ser

Pro

Ile

Gly

Vval

Gly

Phe

Ala

Arg

Gln

Val

Pro

val

Asn

Ala

Gln

Pro

Glu

Pro Leu
Pro Leu

Trp

Asp

Ser

Ser

Asn

Gly

Arg

Glu

Val

Giy

Ay
Ay
Pro
du
Ay
Au
Asp
Lys
Asp
Leu
Pro

Pro
Ser
Lys
du
du
Phe
Ser
Pro
Au
Leu
Pro
Adn

Ile
Adn
Val
Ay
Asp
Tyr
Arg
Al a
Au
Ser
Ay
Leu

Pro Trp

Leu
du
Au
Leu
du
Leu
Ay
Val

Ay
du
Val

Leu




1385 1390 1395 Ala Trp Asp Arg Asp G
1400 1405 1410 du Ser u d

AQu
Gy Au d

y Ser Asp Ay Phe Ala Asp Gu Qu
y Qu Au Asp dn u Gu Ay Arg Gu

1415 1420 1425 7 2 4 MAR 2006 Pro Ay Ala Ay Arg Trp Ay Pro Ay Ser Ser

Val
Leu
Leu
Au
Asp
du
I'le
H s
Ser
Pro
Ay
Adn

Ay Ser Leu 1430 1435 1440 G n Ala Leu Ser Ser Ser pi;nMARgZB%y
G u Ser Asp 1445 1450 1455 Ser Val Ser Val Ser Val Pro Trp As

Arg Ay Ala 1460 1465 1470 Val Ala Ay Ala Pro Lys Thr Ala Leu
Ser21@-N wA&8P sapdeilz 1480 1485 Ser Ala GQu Pro Ser Gy Ser Au Qu
Pro Val Ser 1490 1495 1500 Leu Gu Arg Qu Asp Lys Val Pro Ay
Ile Pro Ser 1505 1510 1515 Ay Met Qu Asp Ala Ay Pro Ay Al a
Gly Val Asn 1520 1525 1530 Gly Gn dy Pro Asn Leu Au Ay Lys

0)9@ qy du dn Ser
i %gg,&rr’ ggcai%%giﬁggtﬁ%ﬁt @aﬁtggﬁéaﬁ"%at%rgcﬁfﬁgﬁ% AsplAr g

R el S S S Bteie Ya

y Gn Phe Leu Lys

Ar gggahgctCe yoged 59t & 660 odaBhc Asir Mcggéd dgcB8iccdd RgSeFagSes

gcggeectge
cgcgacaacc
gcecgggage
tgcgeeeggy
cgcgtggcge
ctgceocogege
ctgggcgagg
acgtcgetgg
cgcectggage
ttggaacaga
ctggetgtgg
ctggaaggtc
tacaggacce
acttcectea
cggcgtcettg
gctaccettg
acccctacct
gatgcagaga
aaacaggctc
cctggaccag
gaccatgeet
ggagaatccg
tagggggttay

gaaatatggyg

gtgecgetcegt
tggctgaaga
ggacgacgga
cctggetgag
acgaggagga
cgeeecggec
cgtggegegg
accagaccecg
tgcagcagcet
ggttggaggyg
aggccctgga
ggcagcagct
tcctggaggce
gectttecagga
gatectttget
agacacctgt
tggccagcac
tcagagecea
cagagccoct
aggagcctgg
ccttggeace
gtgggtctag
tagagaaaga

aagaagagga

tgaccaacgc
gctggagggce
ggaggtagec
tagccagggg
gegegteggt
tcecegegecg
ggcagtgege
cgagecgectyg
ceaggctgag
ccgctageayg
gcaggagaaa
ggcgcaccte
tgagaactcec
cocccaagcetg
ccecagtectg
geecagecttt
cccecatcece
ggatgctcct
gogggcetgaa
gggccagegy
accecteage
agtgttcage
aacagccata

Cctaaacagyg

tggegggaga
gtggcaggce
cgcaaccgge
gcagagctgg
ctgaacgcege
gccecggagg
ggctaccagg
gecegggedy
cgcggaggec
gageggetge
cagggcctac
aagatgtccc
cggctgcaaa
gagctgecaat
agcccaactt
cttaagaacc
cceacaccte
ctctétctgc
gccagggtgg
caagaggcca
cctgaccact
atatgecgag
gagggcaaag

aaggaaatcc

agcacgogge
gatgcgagcea
gcgcegtega
agcgcgagct
aggctgccectg
tagaggagct
agcgcgtgge
tgeagggtge
teectggageg
gggctactga
agagccagat
tcagectgga
cacctggcgg
tcectaggac
ccctecectce
aagaattcct
aggcacccte
tccagacaca
ccattcectge
gtacaggcca
ccagtttaga
gggaaggtga
tggtaagcag

aggactcceca

cgaggtggceg
getgeggetyg
ggcagagaaa
agaggctcta
tgccecccege
ggcaaggcga
acacatggag
cegegaggta
cagggcagcg
aaagttccag
cgotecaggte
ggtggccacg
tggctccaag
cceagaggge
acccttgecect
ccaggecegt
tcetgetgta
gggtgggagy
cagcgtecetg
gteccccagag
ggctaaggat
agggcaaatc
cttgeageag

ggttcctttg

d wod u
2490
300
360
420
480
540
600
660
720
780
840
200
260
1020
1080
1140
1200
1260
1320
31380
1240
1500
1560

1620

du
p Asp
Au
du
Pro
Asp
Ser
Au
Ay
Ser
Phe
Asp

Phe
Ser
Thr
Ser
Leu
I'le
Adn
du
Ser
Al a
Thr




1610 1615 8 2 4 MAR 2006 <213> Honop sapi ens
ggagtcgttt cagatgtggg agctcaatcg gcgcct ggag
ggcgct ggag gagcagaatg agctgct cag cgccggactc
cgcggacacc tcctggcggg cgcatgccga cgacgagctg
t gaccaacgc tggcgggaga agcacgcggc cgaggtggcg 240 cgcgacaacc
gct ggagggc gt ggcaggcc gatgcgagca gctgecggetg 300 gccccggage
99299t #0CEaLPE ARCEHICHCALEHGOF £33 300 gad GROCEEGHI
t agccagggg gcagagct gg agcgcgagct agaggctcta 420 cgcgtggcgce
gcgcgt sygesacgasegeyecaggetgrrhyg dagcoweet gt c4B@gt € ttgtHrgeyc
t cccgecgecg gccccggagg tagaggagct ggcaaggcga 540 ctgggcgagg
ggcagt%@gaﬁﬁét%g%ﬁ@a%g}tcééﬁa@% %éé%ﬁ@@@@g%@ta%é‘gﬁwgﬁﬁg
cgagc C ccac tc 660__cqcctggagc
Coagoahan ancaagorear cepanr e BANEERES edateo] Hasiatat
CCCt ggRREqHAGCAR6LECcHIR6hALHE RAAYHLECATadBRat £1:906]-9589
gcaggagaaa cagggcctac agagccagat cgctcaggtc 840 ctggaaggtc
ggcgcamdtctagagatagt cogtt cagesdagga Wgtggeeacyt Hiflaad acagyacec
t gagaact cc cggctgcaaa cacctggcgg tggctccaag 960 acttccctca

ccccaatfErgcdag i cadtdat AECtdglgat CeeFabyJeIarroct Ggerygteta g
t t t t 1080 t tt
cceag §a€a59aéag%§ gagcgggéca g& Ca%ttg%fa%’ég &%gc?aatag% ;atga crgoe el aGeeis 9

gccagccttt ct aagaaticct ccaggc acecccracet

<400> 2 at ggaggg
60 gcctacctgg gc

180 gcggccectgce

ct gcat ggggga

cgggt caa

120  ggggg@df MARydBlpacaat c

gt gcgct cgt
t ggct gaaga
ggacgacgga
cgdeggct gag
acgaggagga
cyreccggece
cgt ggcgegg
att®dgacccg
tg%ﬁgcagct
ggtt ggaggg
aggecct gga
ggcagcagct
t tevggaggce
gctttcagga
Htlct t t get
acacct gt
ggccagcac

ccccat EReet 66 aREEiL2a030A668E daetidetglrad2Gaa GRLGRIBADA S RYAgCCCa
ggatgctcct ctctctctgc tccagacaca gggt gggagg 1260 aaacaggctc cagagcccct
gcgggctigaadartc aggetrgoe cmierertegt atagegoectagctiflR20ac egegrgacegag aPpgagcct gg

gcca gtccccagag 1380 accat gcct ccttggcacc

t
ggggg?%%%ﬂ%%?%}gggﬁggg@%?%%a YGeIREYydT*IWA6CT FatRAE g Bt¥Yggt ct ag

agtgttgﬁggmag@ug&g&%gtgqg@gggggg<§ggg&§§9%§a%§%gagE@gggg%agg }agagaaaga

aacagccat a gagggcaaag tggtaagcag ctigcagca gaaat at ggg aagaagagga

t ct aaacagfggRdgoagalecaggact aeta HPetieabl (tggdtd@ec tettgaaaat 2400
gagaatcaag agttcttaaa gtcactcaaa gaagagagcg tagaggcagt aasatcttta 2460
gaaacagaga tcctagaatc actgaagtet gecgggacaag agaacctgga aacactgaaa 2520
tctcecagaaa ctcaagcace actgtggact ccagaagaaa taaataaatc agggggcaat 2580
gaatcctcecta gaaaaggaaa ttcaagaacce actggagtct gtggaagtga accaagagac 2640
attcagacte ctggaagagg agaatcagga atcattgaga tetcetgggag catggaaccet 2700
ggagaatttg agatcteocayg aggagtagac aaggaaagtc aaaggaatci ggaagaggaa 2760
gagaaccigg gaaagggaga gtaccaagag tcactgaggt ctcetggagga ggagggacag 2820
gagctgeccge agtctgecaga tgtgcagagg tgggaagata cggtggagaa ggaccaagaa 2880
ctggctcagg aaagccctcee tgggatggcet ggagtggaaa ataaggatga ggcagagetg 2940
aatctaaggg agcaggatgg cttcactgygg aaggaggagg tggtagagea gggagagcotg 3000
aatgccacag aggaggtctg gtitcccagge gaggggcace cagagaaccc tgagcccaaa 3060
gagcagagag gcctggtiga gggagccagt gtgaagggag gggctgaggg cctcocaggac 3120
cctgaagggce aatcacaaca ggtggggacce ccaggcctec aggctcccca ggggctgceca 3180
gaggcgatag agccecctggt ggaagatgat gtggcocccag ggggtgacca agcctccocca 3240
gaggtcatgt tggggtcaga gcctgccatg ggtgagtcetg ctgogggage tgagcecagac 3300
ctggggcagy gggtgggagyg gctgggggac ccaggccate tgaccaggga agaggtgatg 3360
gaaccacccec tggaagagga gagtttggag graaagaggg ttcagggett ggaagggect 3420

10




9 2 4 MAR 2006 gaaaaagaaa ccctgaagtc tctgggagag gagattcaag agtcactgaa

gactctggaa 1680 aaccagagcc atgagacact agaaagggag aatcaagaat gtccgaggtc
tttagaagaa 1740 gacttagaaa cactaaaaag tctagaaaag gaaaat a?q}a gzq ttaa
aggat gt gga 1800 (ggtagtgaga cctctagaaa aagaggct gt aggcaac tah@@c cagg
aaaagaggac 1860 acacagacat tgcaatccct gcaaaaggag aatcaagaac taatgaaatc
tcttgaaggt 1920 aatctagaga catttttatt tccaggaacg gaaaat caag aattagtaag
ttctctgcaa 1980 gagaacttag agtcattgac agctctggaa aaggagaat c aagagccact

gagat cipeas204 G acaangbagagthAtonGgagae-actoagaestc ctgagaangy agaat cagga
acccctgagg 2100 tctcttgaag atgagaacaa agaggccttt agatctctag aaaaagagaa

ccaggaftegdr 2160t L gtgaag acreavagaghayaagy acedmgaglic avrqgrgedrac et agaaac
agagaat cac 2220 aaatcac acat %sgagaact ct

tga ggtctttaga agaacaggac caaga
{ gaand AT BB 0 IR Ehack O G HEEGETTE T L PATTUHAE CHUFAT Caga 10hcat t aag
acccccagaa: éoctc@gg%gwgﬁggggaggé@gg@a%a agtolelle 9aceRgga0a faget agace
t ctt gaaaat 00 gagaatcaag agttctiaaa dgtcactcaaa gaagagagcg tagaggcagt
aaaat cddctacatd46 gt geaacagagactsaad agagdecos bgaaghetc gegagagang agaacct gga
aacact gaaa 2520 tctccagaaa ctcaagcacc actgtggact ccagaagaaa taaataaatc
aggggoiEast 258 raggRdrEe (TP edtgaan aggaractd caggfaaees: astygagdct Yrdgaagt ga
accaaga%ac 2640 attcagactc ctgigaaga agaat ca ga atcattga a tctctgggag
Cat gy aRBREoDTB T GURG AAr CPERART CF EHoRG GAgT R AREHRNAG ¢ Wadggant ot
ggaagaagﬁaeag%zgflagag@&@agCgtggggagﬁ@@%ggggﬁcgé accardag. Leaclgagot £det ggagga
ggagggacag 2820 gagctgccgc agtctgCada tgtgcagagg tgggaagata cggtggagaa
ggaccaagaact2880:cagdgget cago aaagcost Ractgggaifgeiy ggadisggmana &saaggat ga
ggcagagctg 2940 aatctaaggg agcaggatgg cttcact ggg aaggaggagg tggtagagca

gggagatferEra3gaRo2gidget AFagT HGga P eTtgeg tteetnghec gaggaggedcc ¥¥gagaaccce

11

tgagcccaaa, 3060a gg%caga gg g%cct %%t%%aa ga ccagt %tgtaagg ag ct gaggg
cct ceafFae ST R T A TG A AFET GCTEHHICE EEAFHEET e ctcccca
0999Ct 9ee8ge3h8 hagdAIU6IY5a0-RQ66 Gt G009 aR0al Hal. ILIGRCESAT £A9at gacca
agcctcccca 3240 gaggtcatgt tggggtcaga gcctgccatg ggtgagtctg ctgcgggage
t gagcoaggesda6 raget @YYy cRLOCBYOL Jggagatgc itggggaacc coaggecat ¢ 4gaccaggga
agaggtgatg 3360 gaaccacccc tggaagagga gagtttggag gcaaagaggg ttcagggctt
ggaaggﬁﬁfegaggagcgggagtctga tgggtttgca gatgaggaayg aaagtgggga ggagggagag 4260
gaggatcagg aggaggggag gdagccaggg gctgggeggt gggggecagg gtottotgtt 4329
ggcagcectec aggcecectgag tagetcecocag agaggggaat tcctggagtce tgattcetgta 4380
agtgtcageg tcccctggga tgacagettg aggggtgcag tggctgotge caccaagact 4440
geectggaaa cggagtcoccca ggacagtgcet gagcecttetg getcagagga agagtctgac 4500
cectgtitect tggagaggga ggacaaagtc cctggeccte tagagatcce cagtgggatg 4560
gaggatgcag gcccaggggce agacatcatt ggtgttaatg gececagggtece caacttggag 4620
gggaagtcac agcatgtaaa tgggggagta atgaacgggce tggagcagtc tgaggaaagt 4680
ggggcaagga atgcgctagt ctctgaggga gaccgaggga gcecccetttea ggaggaggag 4740
gggagtgctc tgaagaggte ttcggcaggg getectgttc acctgggcoca gggtcagttc 4800
ctgaagttca ctcagaggga aggagataga gagteccotggt cctcagggga ggac 4854
<210> 3
<211> 2431
<212> DNA
<213> Homoc sapiens




10 2 4 MAR

2006 agaaaggacc tagaggaggc aggtggtctg gggacagagt tctccgagct

gcct gggaag 3480 agcagagacc cttgggagcc tcccagggag ggt agggagg agt cagaggc
tgaggccccc 3540 aggggagcag aggaggcgtt ccctgctgag accct gpachiARcgfifooaag
tgatgcccct 3600 tcaccttggc ctctggggtc agaggaagct gaggaggatg taccaccagt
gctggtctcc 3660 cccagcccaa cgtacacccc gatcctggaa gatgcccctg ggctccagcec
t caggctgaa 3720 gggagtcagg aggctagctg gggggt gcag gggagggct g aagct gggaa
agt agagagc 3780 gagcaggagg agttgggttc tggggagatc cccgagggcc tccaggagga
aggggaggag 3840 agcagagaag agagcgagga ggat gagctc ggggagaccc ttccagactc
cact cceobg 3900 ggcecttctacc tcaggtcccc cacctccccc aggt ggaccc cact ggagag

cagagRiegec B8 (FCCerdsc te aagac gk Ay geiaat ey Aggubgt gatIuoteRd g

conasiEell. 4020, .Sagueacect, Capanadua. uadonnas, sapnsasend

t ggggté‘a%‘egcc%%é ccg&%gég%ggt&égé%%e%é@ga&g%g&%%@c CLLLAgLLgc
t gcagcctgg 420 gatcgagafg gggagtciga tgggtttgca gat gaggaag
g9ag90agage26Gg26a3gai 0age: AGHAGYINRG 8P AYEERYIS: B65836g0t
gtcttctgtt 4320 ggcagcctcc aggccctgag tagctcccag agaggggaat
t gat t cCIGRACAIBBtagicgte aferidcee CUgaRradty acalgricu e agggygreeng
ccccaagact 4440 ccct ggaaa cggagtccca acagtgct gagccttctg
2ga0! QLIRS ASDF I GET Leet U TA g E oA ACARITTES CELHEEET o

cagt 999ah9-4360.55929081 9£a9: 8555 %@gg@%agg%séé&%&c %g;@gtdtggggt g
caacttggag 4620 "gggaagtcac agcatgtaaa Tgggggagta afgaacgggc

t gaggaaagtgtte8(ctggggaaaggsadigs gotedigcad cbgagggec gaecgagoga
ggaggaggag 4740 gggagtgctc tgaagaggtc ttcggcaggg gctcctgttc
ggogt c RRCEEABOFI2EIraal tWgat CreaFAg g2 ay gagatcagee gagtEceyyt

12

t éét ggcttc
aggagt gt gg
Gggttcttcc
t.agt ggat cc
aaagt gggga
gagggccagg
tcctggagtc
tdgct ggt gc
ct cagagga
%ﬁﬁagatccc
gcgagggt cc
t ggagcagt c
gmocctttca
acct gggcca
cdtcagggga

ggac 4r.§:5ggac<c%:%9 >tt%cat<02c%1;|.' %a%égt]écggzg]éggtg%g f:%g'gcéltlc_igatr%ggca ciagcl:’]cs 116 0% 4 MAR 2006
ctgaagtgga tgtatagcac agccgoccag cageaccagt gggatggget ccetcetectac 660
caggactcte tgagetgecg cectggtgbtt ctgcteatge agtactgtgt ggceggecaat 720
tactactggce tettggtgga gggegtgtac ctgtacacac tgectggectt cteggtette 780
tctgagcaat ggatcttcag getcectacgtg ageatagget ggggtgttce ectgetgttt 840
gttgtcceet ggggecattgt caagtacctce tatgaggacg agggctgcetg gaccaggaac 9200
tccaacatga actactgact cattatccgg ctgcecatte tcectttggeat tggggtgaac 960
ttecteatet ttgttcgggt catctgecatce gtggtatceca aactgaagge caatctcatyg 1020
tgcaagacag acatcaaatg cagacttgee aagtccacge tgacactcat ccceocctgetg 1080
gggactcatg aggtcatctt tgectttgtg atggacgage acgcecgggg gacccotgege 1140
ttcatcaage tgtttacaga getctectte acctecttee aggggeotgat ggtggecate 1200
ttatactgcet ttgtcaacaa tgaggtccag ctggaatttc ggaagagcta ggagecgetgg 1260
cggcttgage acttgcacat ccagagggac agcagcatga agcccctcaa gtgteccacce 1320
agcagcctga gcagtggage cacgagceggge agcageatgt acacagccac ttgccaggec 1380
tcetgecaget gagactccag cgcectgecct ccctggggtc cttgetgcag geegggtgge 1440
caatccagga gaagcagect cctaatttga tcacagtgge gagaggagag gaaaaacgat 1500
cgctgtgaaa atgaggagga ttgcttcttg tgaaaccaca ggcocttagg gttecoccag 1560
acagagceege aaatcaacee cagactcaaa ctcaaggtca acggettati agtgaaactyg 1620
gggcttgcaa gaggaggtgg ttcectgaaagt ggetcecttceta acctcagcca aacacagagc 1680




<400> 3 atggccggcg ccccecggecc getgegectt gecgectgetge tgetcgggat ggtgggcagg
60 gccggecccce gecccecccaggg tgceccactgtg tcecctctggg agacggt gca gaaatggcga 120

gaat accgac gccagtgcca gcgctccctg act gaggat ¢ cacctcct gc g cmcﬁ@
ttctgcaacc ggaccttcga tgaatacgcc tgctggccag at ggggagcec 39 g

gtgaatgtca gctgcccctg gtacctgccc tgggccagca gtgtgccgca gggccacgtg
taccggttct gcacagctga aggcctctgg Ctgcagaagg acaactccag Cctgccctgg
agggacidght £H99aglged2-00aGLCCRAY LORURPHA0R 8ARPEL CEE6G;t88800a0LA]
ctcctgttcc tctacatcat ctacacggtg ggctacgcac tctccttctc tgctctggtt
at cgcctatrgrapgat ceterittg gyttt vgga waccixgcaci-cysactaggaa«ctacat toac
ctgaacctgt ttgcatcctt catcctgcga gcattgtccg tcttcat caa ggacgcagcc

ct gaagt Gga-1Gt at%Geac tageegeeral [CabtIEeagrtefgarY JHEICtEat Tt ctitdc

caggact ctc t gagctgcc ctagtagttt ctgctcatgc agtactatgt cggc t
t act ac%aﬁﬁgg%%??t gaagb%gggggtﬁgg?g a¢ ag Eét% eat C?%@tc %ng’é:?‘%“%? 1f:('ggt ]g%{% c
t ct gageRadt a139at £t §83 t§CdrotacHt-0 Agea 390 gl IthEadeetgct gddst
gttgtcccct ggggcattgt caagtacctc tatgaggacg agggctgctg gaccaggaac
t ccaacatogacagt aclcggedcce atdoatictgyg ttgeaeat ttat oithbggeadeticggygt gaac
ttcctcatct ttgttcgggt catctgcatc gtggtatcca aactgaaggc caatctcatg
t gcaag%&@t%@at%g%@téaﬁﬁé?%‘@% ATt aE qOrtgRgaT ttehrIatEre ct §titog

gggact t t t C t at at a agc. acqgccc accct C
DP0oL SRS F i dech AR g LL0RACIA0 Al IdIa Aace T S
ttat actgetcdt-gt faacarat 0RAGLLCRD £L09a-LL 1L 20073083656 188984 C 08300
ngCttgagC acttgcacat Ccagagggac agcagcatga agCCCthaa gtgtCCC&CC

agcagcetagasgragiaggagt ot avggeuggc BeayTat (it cagaeay CgaaIdch g C agRSC
t cct gcagct gagact ccag cgectgecct ccctggggtc cttgetgecag gecgggt gge
caat ccﬁﬁgﬁcgﬁﬁgﬁﬁﬁﬁ“&c‘fc&ﬁfﬂtﬁa 9edeEgtgde t oddany aﬁt%é‘é‘éaaﬁg“g’t

cgct gt t ] Ca. t CCceLag

B e R L S O R T e e

gogct t graasaRggaegdtag tht lgaar@t goctcttcta acct cagcca aacacagagce
00

4 MAR 2006 gggagt gacg ggagcctcct ctgcttgcat cacttggggt caccaccctc

ccctgtcttc 1740
<210> 4

<211l> 463
<212> PRT

<213> Homo sapiens

=400> 4

Met Ala Gly Ala Pro Gly Pro Leu Arg Leu Ala Leu Leu Leu Leu Gly
1 5 10 15

Met Val Gly Arg Ala Gly Pro Arg Pro Gln Gly Ala Thr Val Ser Leu
20 25 30

Trp Glu Thr Val Gln Lys Trp Arg Giu Tyr Arg Arg Gln Cys Gln Arg
35 40 45

Ser Leu Thr Glu Asp Pro Pro Pro Ala Thr Asp Leu Phe Cys Asn Arg
50 55 60

Thr Phe Asp Glu Tyr Ala Cys Trp Pro Asp Gly Glu Pro Gly Ser Phe
65 70 75 80

13

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680 12 2




t ct caaaggg aagctgtttg tgtgtctggg ttgettattt ccctcatctt gecccctcat
ctcactgccc agtttctttt tgaggggctt tgtttgggecc actgccagca getgtttctg
gaaat ggct g taggtggt gt tgagaaagaa tgagcattga gacggtgctc tmkch{lﬁ
caggtatttg agttgttttg gtgcctgect ctgccatgecc cagagaatca gggcaggc i
gccaccgggg aacccagccc tggggtatga gectgeccaagt ctattttaaa gacgctcaag
aatcctctgg ggttcatcta gggacacgtt aggaatgtcc agactgtggg tgtagattac
ct gccaght KL REYAGECER HRUTHS GPRY ATAUACA] 2 Gk CEACFLT sk Ct T ggaaa
tactttatct gtgaccacac gctgtctctt gagmatttgg atacactetc tagctttagg
ggaccat gaa gagactctct tagggaaacc aatagtcccc atcagcacca tggaggcagg
ctcccecctge ctttgaaatt cccccacttg ggagettgta tatacttcac tcacttttct
ttattg‘%:ltng‘ﬁlygﬁéfg’ tctrg e JeacHarhgglicadtt &Ly gatt ot &8t 4R ct agt gga
aat gagcgaa atcat'dgttg tagtgatgtt'’g 2431 <210> 4 *¥211> 463 <212>

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
PRT <213>

Hono sapiens <400> 4 Met Ala Ay Ala Pro Gy Pro Leu Arg Leu Ala Leu Leu

Leu LetysGhdp adn Bed GselSrdvbbrd/alp @Ay AL LA @FMuPrR Al@cPro G n Ay Ala Thr
Val Ser Leu 120 25 30 Trp d uzdhr Val A n Lysizfrp Arg u Tyr Arg Arg G n

Cys Gn Arg 35 40 45 Ser Leu Thr A u Asp Pro Pro Pro Ala Thr Asp
Cys Asn Arg 50 55 60 Thr Phe Asp du Tyr AIaQ/sTrL)ProAspGly
Gy SeFPE %65 5 35 B 5 Fou WMRREDOOE: VAP hasriamPhs

Leu Pro TH)OAIa Ser Ser VAf°Pro 85 90 95'&n Gy Hs Val Tyr Arg
Thr Ala Qu Gy Leu Trp Leu @ n

Tyr Ile Ile Tyr Thr Val Gly Tyvr Ala Leu Ser Phe Ser Ala Leu Val
145 150 155 160

Ile Ala Ser Ala Ile Leu Leu Gly Phe Arg His Leu His Cys Thr Arg
165 170 175

Asn Tyr Ile His Leu Asn Leu Phe Ala Ser Phe Ile Leu Arg Ala Leu
180 185 190

Ser Val Phe Ile Lys Asp Ala Ala Leu Lys Trp Met Tyr Ser Thr ala
T 195 200 205

Ala Gln Gln His Glan Trp Asp Gly Leu Leu Ser Tyr Gln Asp Ser Leu
210 215 220

Ser Cys Arg Leu Val Phe Leu Leu Met @Gln Tyr Cys Val Ala Ala Asn
225 230 235 240

Tyr Tyr Trp Leu Leu Val Glu Gly Val Tyr Leu Tyr Thr Leu Leu Ala
245 250 255

Phe Ser Val Phe Ser Glu Gln Trp Ile Phe Arg Leu Tyr Val Ser Ile
260 265 270

Gly Trp Gly Val Pro Leu Leu Phe Val Val Pro Trp Gly Ile Val Lys
275 280 285

Tyr Leu Tyr Glu Asp Glu Gly Cys Trp Thr Arg Asn Ser Asn Met Asn
290 285 300

Tyr Trp Leu Ile Ile Arg Leu Pro Ile ieu Phe Gly Ile Gly Val Asn
305 310 315 320

14

Leu Phe
Au Pro

&fuCys Pro Trp Tyr

Phe Cys




100
115
130
145
Arg
Al a
Ser
Adn
Cys
Tyr
Ile
Phe
dy
Arg

105 110 Lys Asp Asn Ser Ser Leu Pro Trp Arg Asp Leu Ser du Cys Qu Gu
120 125 Ser Lys Arg Ay Qu Arg Ser Ser Pro Gu Qu A n Leu Leu Phe Leu
135 140 Tyr lle Ile Tyr Thr Val Gy Tyr Ala Leu Sér 4FHARBB6 Al a Leu Vval
150 155 160 Ile Ala Ser Ala Ile Leu Leu Ay Phe Arg H's Leu His Cys Thr

165 170 175 Asn Tyr Ile Hs Leu Asn Leu Phe Ala Ser Phe
Leu 180 185 190 Ser Val Phe Ile Lys Asp Ala Ala Leu Lys
Thr Ala 195 200 205 Ala G@n A@n Hs Gn Trp Asp Ay Leu
AsgheSedu bedl pn@ 501245 220 1Sercy@yslArgL veu Mal ryghesd eys Leu
Val Ala Ala Asrs25225 230 235 24€eoTyr Tyr Trp Leszdeu Val
Leu Tyr Thr Leu Leu Ala 245 250 255 Phe Ser Val Phe Ser
Phe Arg Leu Tyr Val Ser 1le 260 265 270 Ay Trp Ay Val
VAT =VATh PR T (£ e Fe VAP figstrea e 24 By VLS Ty
Cys Trp Thr "Arg Asn Ser Asn t Asn 290 295300 Tyr Trp
Leu Pro Ile Leu Phe Ay Ile Ay Val Asn 305 310 315 320

2006 Phe ieuTht ecPhreVedo At r¥Walcikl enrOxss lehe Wal 1dabnsSanalys
330 335 Ala Ash Leu Met Cys I3gs Thr Asp Ile Lags Cys Arg Leu Ala Lys Ser

Phe Val Met Asp Glu His Ala Arg Gly Thr Leu Arg Phe Ile Lys Leu
370 375 380

Phe Thr Glu Leu Ser Phe Thr Ser Phe Gln Gly Leu Met Val Ala Ile
385 390 395 400

Leu Tyr Cys Phe Val Asn Asn Glu Val Gln Leu Glu Phe Arg Lys Ser
405 410 415

Trp Glu Arg Trp Arg Leu Glu His Leu His Ile Gln Arg Asp Ser Ser
420 425 430

Met Lys Pro Leu Lys Cys Pro Thr Ser Ser Leu Ser Ser Gly Ala Thr
435 440 445

Ala Gly Ser Ser Met Tyr Thr Ala Thr Cys Gln Ala Ser Cys Ser
450 455 460

<210> 5
<211> 20
<212> DNA

<213> Artificial Sequence

<220>

<223> Qliigonucleotide
<220

<221> misc_feature
<222= {1})..{20)

<223> Synthesized primer

15

Ile Leu Arg
Trp Met Tyr
Leu Ser Tyr
Met A n Tyr
Au dy Val
GQGu dn Trp
Pro Leu Leu
Gu Asp du
Leu Ile Ile
14 2 4 MAR
Leu Lys 325




340 345 350 Thr Leu Thr Leu Ile Pro Leu Leu Gy Thr Hs Gu Val Ile Phe Al a
355 360 365 Phe Val Met Asp GQu His Ala Arg Ay Thr Leu AZ% EB& %@ﬁ Lys Leu
370 375 380 Phe Thr GQu Leu Ser Phe Thr Ser Phe A n Ay L Ala lle
385 390 395 400 Leu Tyr Cys Phe Val Asn Asn Gu Val dn Leu Qu Phe Arg Lys
Ser 405 410 415 Trp Qu Arg Trp Arg Leu Qu His Leu Hs Ile @n Arg Asp
Ser Ser 420 425 430 Met Lys Pro Leu Lys Cys Pro Thr Ser Ser Leu Ser Ser
Gy Ala Thr 435 440 445 Ala Ay Ser Ser Met Tyr Thr Ala Thr Cys A n Ala
Ser Cys Ser 450 455 460 <210> 5 <211> 20 <212> DNA <213> Artificial
Sequenc®o<220> <223> A igonucleotide <220> <221> mi st feature <222>
(1).. (Z@poxzp8>xBymdtesi zed prinmer 15 2 4 MAR 2006 <400> 5 gcgdggcggt
gcgtgactac <210> 6 <211> 24 <212> DNA

<210> 6
<211> 24
<212> DNA

«213> Artificial Sequence

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
<222> {1}..(24)

<223> Synthesized primer

<400> 6
aggcaagggg gaagagaadgd atgt 24

<210> 7
<211> 35
<212> DNA

<213> Artificial Sequence

<220>

<223> oligonuclectide
<220>

<221> misc_feature
222> (1)..(35)

<223> Synthesized primer

<400> 7

16




<213> Artificial Sequence <220> <223> digonucleotide <220> <221> m st
feature <222> (1)..(24) <223> Synthesi zed prinmer <400> 6 aggcaagggdg
gaagagaagg atgt c210> 7 <211> 35 <212> DNA <213> Arti f2 i MAR ence
<220> <223> oligonucleotide <220> <221> m st feature <222> (1)..(35)
<223> Synt hesi zed prinmer <400> 7 20 24 16 2 4 MAR 2006 aagct gaagc
cgaatttcct tgggatacca gagga <210> 8 <211> 20 <212> DNA <213> Artificial

SequengRctA8Z coudd3zcOdogonucteothgde <220> 35
<210> 8
«211> 20

«212> DNA

<213> Artificial Sequence

«<220>

<223> Oligonuclectide
<220>

<221> misc_feature
<222> (1)..(20)

<223> Synthesized primer

<400=> 8
acagcecagta cttcaagacc : 20
<210=> 9
«<211> 20

<212> DNA

«<213> Artificial sequence

<220>

<223> Oligonuclectide
<220>

<221> misc_feature
222> (1) .. (20}

«223> Synthesized primer

<400> 9
ctgtgtcage acgcacgtta 20

17




<221> msc feature <222> (1)..(20) <223> Synthesi zed prinmer <400> 8
acagccagta cttcaagacc <210> 9 <211> 20 <212> DNA <213> Artiiichgg B
sequence <220> <223> digonucleotide <220> <221> mi sc featu 4 25m
(1)..(20) <223> Synthesized prinmer <400> 9 ctgtgtcagc acgcacgtta 35 20 20
17 2 4 MAR 2006 <210> 10 <211> 30 <212> DNA <213> Artificial Sequence
<220> <223> digonucleotide <220> <221> msc feature <222> (1)..(30)
<223> Sypt hasi zed pri nmer

<211> 30
<212> DNA

«213> Artificial Segquence

<220>

«223> Oligonuclectide
<220>

<221> misc_feature
<222> (1)..(30)

<223> Synthesgsized primer

<400> 10

tggattccac accaggcatt gaccatgcca 30
<210> 11

<211> 20

«<212> DNA

<213> Artificial sequence

<220>

<223>  Oligonuclectide
<220>

<221i> misc_feature
<222> (1)..(20)

<223> Synthesized primer

<400> 11
cagcgttgga gagtccaaat 20
<210> 12

8




<400> 10 tggattccac accaggcatt gaccatgcca <210> 11 <211> 20 <212> DNA
<213> Artificial sequence <220> <223> digonucl eotide <22£)> églf @i sc
feature <222> (1)..(20) <223> Synthesized priner c400> 11 &ag t G&Ba
gagt ccaaat <210> 12 30 20 18 2 4 MAR 2006 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> digonucleotide <220> <221> m sc feature
<222> (1)..(20) <223> Synthesized primer <400> 12 ttaaactcct gtggggttgg
<210> 13,,<2}1> 37

<212> DNA

<213> Artificial Seguence

<220>

<223> Oligonucleotide
<220>

<221> misc feature
<222> (1)..{20)

<223> Synthesized primer

<400>= 12

ttaaactcct gtggggttgg 20
<210> 13

<211l> 37

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
<220

<221> misc_feature
<222> (1) ..(37)}

<223> Synthesized primer

<400> 13
aaaccagecag cggatctcag tggtgtggaa cgatgat 37
<210>= 14
<21l1l> 128

19




<212> DNA <213> Artificial Sequence <220> <223> A igonucleotide <220>
<221> misc feature <222> (1)..(37) <223> Synthesized prinmer <400> 13.
aaaccagcag cggatctcag tggtgtggaa cgatgat <210> 14 <211> 19 204 #AR Q0 4 vaR
2006 <212> DNA <213> Artificial Sequence <220> <223> digonucleotide

<220> <221> m st feature <222> (1)..(19) <223> Synthesized prinmer <400> 14
at cact ggag cagggaagt <210> 15 <211> 19 <212> DNA <213> Artificial
Sequengg,<220Q> <223> digonucl eotide

<2123> Artificial Sequence

<220>

<223> OQOligonuclectide
<220>

<221> misc_feature
<222> (1)..(19)

<223> Synthesized primer

<400> 14

atcactggag cagggaadgt 19
<210> 15

<211 19

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
<222> {1)..{(19}

<223> Synthesized primer

<400> 15
gctactacgt ttcttatct 19

<210> 16
<211l 19

<212> DNA

20




<220> <221> m st feature <222> (1)..(19) <223> Synthesized prinmer <400> 15
gctactacgt ttcttatct 19 19 20 2 4 MAR 2006 <213> Artificial Sequence <220>
<223> digonucleotide <220> <221> m sc feature <222> (1)..2%9¥mﬁ2gﬂm
Synt hesi zed prinmer <400> 16 (gcgtggaaaa gccagtggg <210> 17 1 187"<212>
DNA <213> Artificial Sequence <220> <223> digonucleotide <220> <221>
msc feature <222> (1)..(18) <223> Synthesized priner <400> 17 agaggggaat

tcct 9%9352;1Q€ifji§ial Sequence

<220> -

<223> Cligonuclectide
<220>

<222> misc feature
«222> (1) ..(19)

<223> Synthesized primer

<400> 16

gegtggaaaa gccagtggg is
<210=> 17

<211> 18

<212> DNA

<213> Artificial Seguence

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
<222> (1) ..(18)

<223> Synthesized primer

<400> 17
agaggggaat tcotggag 18

<210= 18
<211> 20
<212> DNA

<213> Artificial Sequence

21




<211> 20 <212> DNA <213> Artificial Sequence 19 18 21 2 4 MAR 2006 <220>
<223> digonucleotide <220> <221> msc feature <222> (1)..(20) <223>
Synt hesi zed primer <400> 18 ctgaggacca ggactctcta <210> 1P4 ¥MAR120081
<212> DNA <213> Artificial Sequence <220> <223> digonucleotide <220>
<221> m sc feature <222> (1)..(31) <223> Synthesized prinmer <400> 19

t at gaacggg ctggagcagt ctgaggaaag t <210> 20 <211> 20 <212> DNA <213>
Artificial Sequence 20

<220>

<223> Oligonuclectide
<220>

<221> misc feature
<222> (1}..(20)

<223> Synthesized primer

<400> 18

ctgaggacca ggactctcta 20
<210> 19

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide
<220;

" <221> misc_feature
«<222> {1)..{31)

<223> Synthesized primer

<400> 19

tatgaacggg ctggagcagt ctgaggaaag t 31
<210> 20

<211l> 20

<212> DNA

<2313> Artificial Sequence

22




31 22 2 4 MAR 2006 <220> <223> digonucleotide <220> <221> m st feature
<222> (1)..(20) <223> Synthesized prinmer <400> 20 cttttcgcgc gcccagcatt
<210> 21 <211> 20 <212> DNA <213> Artificial Sequence <ZRO>MARZ086

A igonucl eotide <220> <221> mist feature <222> (1)..(20) <223>

Synt hesi zed prinmer <400> 21 gatcttcctg tccctcgage <210> 22 <211> 30
<212> DNA <213> Artificial Sequence <220> <223> digonucleotide 20 20 23

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
<222> {1}..{20}

<223> BSynthesized primer

<400> 20
ctttteogege goccageatt 20
<210> 21
<21i= 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
<220>

<221> misc feature
<222> (1) ..(20)

<223»> Synthesized primer

<400=> 21
gatcttecetg teccocctegage 20

<210> 22
<211> 30
<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide

23




2 4 MAR 2006 <220> <221> msc feature <222> (1)..(30) <223> Synthesi zed
primer <400> 22 aaccat gagg aggaaat cag tacgctgagg <210> 23 <211> 20 <212>
DNA <213> Artificial Sequence <220> <223> digonucleotide <§2%i < >
misc feature <222> (1)..(20) <223> Synthesized priner <4005l 23 gtmgactc
caggcgtgcc <210> 24 <211> 20 <212> DNA <213> Artificial Sequence <220>
<223> A igonucleotide <220> 30 20 24 2 4 MAR 2006 <221> m st feature

<222> (1)..(20)

<220>
<221> misc_feature
«222> (1y..(20)

<223> Synthesized primer

<40Q0> 22

aaccatgagyg aggaaatcag tacgctgagyg 30
<210> 23

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonuclectide
<220>

<221> misc feature
<222> (1)..{20)

<223> Synthesized primer

<400> 23
atctggactc caggogtgeco 20

<210> 24
<211> 20
<212> DNA

<213> Artificial Seguence

<220>
<223> Oligonuclectide

<220>

24




<223> Synt hesi zed prinmer <400> 24 agcaatgaat tccttggcag <210> 25 <211> 30
<212> DNA <213> Artificial Sequence <220> <223> digonucleotide <220>
<221> mist feature <222> (1)..(30) <223> Synthesized prinmer <400> 25
cacgat gaat ttgagagaca tgctgaaggg <210> 26 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> O igonucleotide <220>&42MARNI0EE feature
20 30 25 Z 4 MAR 2006 <222> (1)..(20) <223> Synthesized prinmer <400> 26

agaacaggac gfagagages <210> 27
<222> (1) ..(20)

<223> Synthesized primer

<400> 24

agcaatgaat teocttggeag 20
210> 25

<211> 30

<212> DNA

<213> Artificial Sequence

. <220>
<223» Oligonucleotide
<220>
<221> misc_feature
<222> (1)..(30)

<223> Synthesized primer

<400> 25

cacgatgaat ttgagagaca tgctgaaggg 30
<210> 26

<211l> 20

<212> DNA

<213> Artificial Seqguence

<220>
<223> Oligonucleotide
<220>

<221> misc_feature

25




<211> 20 <212> DNA <213> Artificial Sequence <220> <223> digonucl eotide
<220> <221> m st feature <222> (1)..(20) <223> Synthesi zed prinmer <400> 27
cctccgaaga aacagcaaga <210> 28 <211> 30 <212> DNA <213> Artificial
Sequence <220> <223> O igonucleotide <220> <221> ni st fiebihr d106<222>
(1)..(30) <223> Synthesized primer 20 20 26 2 4 MAR 2006 <400> 28
tctcccttca cagcagaact aacacacggg <210> 29 <211> 20 <212> DNA <213>

ATtiTigial Sequegge <220>

<223> Synthesized primer

<400=> 26

agaacagcac gtacacageo 20
<210> 27

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
<220

<221> misc feature
<222> {1)..(20)

<223> Synthesized primer

<400> 27

cctcecogaaga aacagcaada 20
<210> 28

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
«220>

<221> misc_feature
<222> (1) ..(30)

<223> BSynthesized primer

26




<223> digonucl eotide <220> <221> m sc feature <222> (1)..(20) <223>
Synt hesi zed prinmer <400> 29 gcagtcctgc catcaatgtg <210> 30 <211> 20
<212> DNA <213> Artificial Sequence <220> <223> A igonucleoti 8€ <220>
<221> msc feature <222> (1)..(20) <223> Synt hesized plidAR3ellBo 27 2 4
MAR 2006 <400> 30 gttggctgtg aataccacct <210> 31 <211> 30 <212> DNA
<213> Artificial Sequence <220> <223> digonucleotide <220> <221> m st
feature <222> (1)..(30)

<400> 28

tctecettea cageagaact zacacacggg : 30
<210> 29

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonuclectide
«220>

<221> misc_feature
<222> (1)..(20}

<223> Synthesized primer

<400> 29

gecagtcctge catcaatgtg 20
«<210> 30

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
<222> (1) ..(20)

<223> Synthesized primer

27




<223> Synt hesi zed prinmer <400> 31 ctggagagct gcatgggctc acaactgagg <210> 32
<211> 20 <212> DNA <213> Artificial Sequence <220> <223> digonucleotide
<220> <221> mi st feature <222> (1)..(20) <223> Synthesi qe{dAR)rﬂ%&iar <400> 32
gactttccag cagtcccata 20 30 20 28 2 4 MAR 2006 <210> 33 <211> 20 <212>
DNA <213> Artificial Sequence <220> <223> digonucleotide <220> <221>
m st feature <222> (1)..(20) <223> Synthesized prinmer <400> 33 gtttacttcc

t9cagggans o

gttggctgtg aataccacct 20

<21l0> 31
«<211=> 30
<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonuclectide
<220>

<221> wmisc_feature
<222> (1).. ({30}

<223> Synthesized primer

<400> 2321

ctggagaget gcatgggetce acaactgagg 30
<210> 32

<211> 20

<212> DNA

<213> Artificial Sedquence

<220>

<223> Oligonucleotide
<220>

<221> misc feature
<222> (1)..{20)

<223> Synthesized primer

<400> 32
gactttceag cagtcccata 20

28




<210> 34 <211> 31 <212> DNA <213> Artificial Sequence <220> <223>

A igonucl eotide <220> <221> m st feature <222> (1)..(31) <223>

Synt hesi zed primer <400> 34 ttgcactgga gaaggattac gt ggcgtl;t gf%{aggﬁg10> 35 20
31 29 <211> 20 <212> DNA <213> Artificial Sequence <220> '<223>

A igonucl eotide <220> <221> m st feature <222> (1)..(20) <223>

Synt hesi zed prinmer <400> 35 tgaaggcgag aaggtgttcc <210> 36 <211> 20
<212> DNA <213> Artificial Sequence <220>

<210> 33
<Z2il> 20
<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonuclecotide
<220>

<221> misc_feature
<222> (1)..(20)

<223> Synthesized primer

<400> 33

gtttacttcec tgcagggaac 20
<210> 34

<211> 31

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonuclectide
<220

«221> wmigpc_feature
<222> (1)..(31)

<223> Synthesized primer

<400> 34
ttgcactgga gaaggattac gtggegttct a 31
<210> 35

29




<223> digonucl eotide <220>

<221> m st feature <222> (1)..(20) <223>

Synt hesi zed prinmer <400> 36 ttcgagatac aggcagatat <210> 37 <211> 30 20 30
2 4 MAR 2006 <212> DNA <213> Artifici al

d i gonucl eoti de

Sequence <220>

<222> (1).. (30 4#R22806

<220> <221> m st feature

Synt hesi zed primer <400> 37 agttagactt ttatgtcctg cctgtgctca <210> 38

<211> 20

<212>

<213>

<220>
<223>
<220>
<221>
<222>

<223>

<400>

<212> DNA c213> Artificial
<220> é§§;>2gist feature

DNA

Artificial Sequence

Oligonucleotide

misc_feature

{1)..{20)

Synthesized primer

35

tgaaggcgag aaggtgttec

<210>

«211>

212>

<213 >

<220>

<223 >

<220>

<221>

<2225

<223>

<400>

36
20
DNA

artificial Sequence

Oligonucleotide

misc_feature

(1)..(20)

Synthesized primer

36

ttcgagatac aggcagatat

<210>

<211>

37

30

30

Sequence <220>
<222> (1)..(20) <223> Synthesized priner

<223> A igonucl eoti de

20

20




<400> 38 cttcaggctg caccaagtgt 30 20 31 2 4 MAR 2006 <213> Artificial
Sequence <220> <223> digonucleotide <220> <221> m st feature <222>
(1)..(20) <223> Synthesized priner <400> 39 gttgaccata @teddAfcdi¥h <210> 40
<211> 30 <212> DNA <213> Artificial Sequence <220> <223> digonucleotide
<220> <221> m st feature <222> (1)..(30) <223> Synthesized prinmer <400> 40
gt cagat gt g aagat ggcca cagacccaga <210> 41 <211> 20 <212> DNA <213>

Arti figzilgL Sgguence 20

<213> Artificial Seguence

<220>

«223> Oligonucieotide
<220>

<221> misc_feature
<222> (1)..(30)

<223> Synthesized primer

400> 37

agttagactt ttatgtectg cctgtgetca 30
<210= 38

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
<222> (1)..(20)

<223> Synthesized primer

<400> 38
cttcaggctg caccaagtgt 20
' <210> 39
<211l> 20

<212> DNA

31




30 32 2 4 MAR 2606 <220> <223> digonucleotide <220> <221> m st feature
<222> (1)..(20) c223> Synthesized priner <400> 41 gcatcaaagg b@ggg@ﬁtgg
<210> 42 <211> 20 <212> DNA <213> Artificial Sequence <22 2

A igonucl eotide <220> <221> mist feature <222> (1)..(20) <223>

Synt hesi zed primer <400> 42 caacgctgac atggaattcc <210> 43 <211> 30
<212> DNA <213> Artificial Sequence 20 20 33 2 4 MAR 2006 <220>

«213> Artificial Sequence

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
<222> {i}.. (20}

<223> Synthesized primer

<400> 39
gttgaccata gtcaggctgg 20
<210> 40
<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleoctide
<220>

<221> misc_feature
<222> (1)} ..(30)

<223> Synthesized primer

<400> 40

gtcagatgtg aagatggcca cagacccada 30
<210> 41

<211> 20

<212> DNA

<213> Artificial Sequence
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<223> digonucl eotide <220> <221> nist feature <222> (1)..(30) <223>

Synt hesi zed prinmer <400> 43 tcgaggtctc atggatcata cagaatca%%ﬂﬁ§é£> ﬂé
<211> 20 <212> DNA <213> Artificial Sequence <220> <223> i J@ oti de

<220> <221> m st feature <222> (1)..(20) <223> Synthesized prinmer <400> 44
caatgtgaga tgtctccagc <210> 45 <211> 20 <212> DNA <213> Artifici al
Sequence <220> <223> A igonucleotide 30 20 34 2 4 MAP, 2006 <220> <221>

m st feature <222> (1)..(20)

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
«222> (1)..(20)

<223> BSynthesized primer

<400> 41

gcatcaaatg tecagcectgg 20
<210> 42

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleoctide
<220>

<221> misc;feature
<222 {1}..(20)

<223> Synthesized primer

<400> 42
caacgctgac atggaattcece 20

<210> 43
<211> 3¢
<212> DNA

<213> Artificial Sequence
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<223> Synt hesized prinmer <400> 45 ccttgtagat tgcaggcaga <210> 46 <211> 30
<212> DNA <213> Artificial Sequence <220> <223> d igonuchgfii%g T@§O>
<221> m st feature <222> (1)..(30) <223> Synthesized pri <HBB>Z

ggact cccat ccagtgtctc cagaagtgat <210> 47 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> digonucleotide ¢220> 20 30 35 2 4 MAR
2006 <221> msc feature <222> (1)..(20) <223> Synthesized priner <400> 47
gagt agcagc tcagactgcc <210> 48

<223> Cligonucleotide
<220>

<221> misc_feature
«222> (1) ..(30)

<223 Synthesized primer

<400> 43

tcgaggtete atggatcata cagaatcagg 30
<210> 44

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonuclecotide
<220>

<221> misc feature
<222> (1)..({20)

<223> Synthesized primer

<400> 44
caatgtgaga tgtctcocage 20

<210 45
<211= 20
<212> DNA

<213> Artificial Seguence

<220>

<223> Oligonucleotide
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<211> 20 <212> DNA <213> Artificial Sequence <220> <223> Adigo nucleotide
<220> <221> msc feature <222> (1)..(20) <223> Synthesi zed 2pg}im 890> 48
gt agacct ct gggagctcct <210> 49 <211> 30 <212> DNA c213> Artifici al
Sequence <220> <223> Aigonucleotide <220> <221> m sc feature 20 20 36 2
4 MAR 21106 <222> (1)..(30) <223> Synthesized prinmer <400> 49 cgcagcactc
agact acgtg cacctctgca <210> 50 <211> 20 <212> DNA <213> Artifici al
Sequence <220>

<220>

<221> misc_feature
<222> {(1)..(20}

<223> B8ynthesized primer

<400> 45

ccttgtagat tgcaggcaga 20
<210> 46

<211> 30

«212> DNA

<213> Artificial Sequence

<220>

<223> Oligonuclectide
<220>

<221> misc_feature
<222> (1}..{30)

<223> Synthesized primer

<400> 46
ggacteoccat cecagtgtcete cagaagtgat 30

«<210> 47
<211> 20
<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide

<220
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<223> digonucl eotide <220> <221> nmist feature <222> (1)..(20) <223>
Synt hesi zed primer <400> 50 gcagctgctc aactaatcac <210> 51 <211> 20
<212> DNA <213> Artificial Sequence <220> <223> A i gonucl 4oMARelll&220>
<221> m st feature <222> (1)..(20) <223> Synthesized prinmer 30 20 37 2 4
MAR 2006 c400> 51 tcagcagcac aagtcccact <210> 52 <211> 30 <212> DNA
<213> Artificial Sequence <220> <223> digonucleotide <220>. <221> m st

feature,; 52222 (Lheud30)

<222> (1}..(20)

<223> Synthesized primer

<400> 47

gagtagcage tcagactgcc 20
<210> 48

<211l= 20

<212= DNA

<213> Artificial Sequence

<220>

<223> QOligo nuclecotide
<220

«<221> misc_feature
<222> {1}..(20)

<223> Synthesized primer

<400> 48
gtagacctct gggagctcct 20

<210> 49
<211= 30
<212> DNA

<213> BArtificial Sequence

<220>
«223> Oligonuclieotide
<220>

<221> misc_£feature
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<223> Synt hesi zed prinmer <400> 52 acgggcattc ttattagtca gattattggt <210> 53
<211> 16 <212> DNA <213> Artificial Sequence <220> c¢223> d,.gqnucl eotide
<220> <221> nmist feature <222> (1)..(16) <223> Synt hesi 2eiuﬁﬂﬂg 0 20 30 38
2 4 MAR 2006 <400> 53 aggcttcttc tacaca <210> 54 <211> 16 <212> DNA
<213> Artificial Sequence <220> <223> digonucleotide <220> <221> m st
feature <222> (1)..(16) <223> Synthesi zed prinmer <400> 54 caggctgcct

gcacca 5210%;55 (30,

<223> Synthesized primer

<400> 42

cgecagecactc agactacgtg cacctcetgea 30
<210> 5O

<211> 20

<2l2> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
«220>

<221> misc_feature
<222> (1)..¢20)

<223> Synthesized primer

<400> 50

gcagctgctc aactaatcac 20
<210> 51

<211= 20

<212> DNA

<213> Artificial Sequence

<220>

<223> ‘Oligonucleotide
<220>

<221> misc_feature
<222> (1).. (20}

<223> Synthesized primer
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<211> 16 <212> DNA <213> Artificial Sequence <220> <223> digonucl eotide
<220> <221> m st feature <222> (1)..(16) <223> Synthesized prinmer <400> 55
aggcagagga cctgca 16 16 16 39 2 4 MAR 2006 <210> 56 <211> 204 MAR Z40DNA
<213> Artificial Sequence <220> <223> digonucleotide <220> <221> m st
feature <222> (1)..(20) <223> Synthesized prinmer <400> 56 gtgtggcggc
caattactac <210> 57 <211> 20 <212> DNA <213> Artificial Sequence

<400> 53

tcagcageac aagteccact 20
<210> 52

<213 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
<220

<221> mnisc_feature
<222> (1).. (30}

<223> Synthesized primer

<400> 52 :

acgggcattc ttattagtca gattattggt 30
<210> 53

<211> 16

<212> DNA

<213> Artificial Seguence

<220

<223> Oligonucleotide
<220>

<221> misc_feature
«<222> (1)..(16)

<223> Synthesized primer
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<220> <223> digonucleotide <220> <221> m st feature <222> (1)..(20)
<223> Synt hesi zed prinmer <400> 57 cttggcaagt ctgcatttga <§é% 5?049%0 20 40 2
4 MAR 2006 <211> 30 <212> DNA <213> Artificial Sequence2 R 23>

A igonucl eotide <220> <221> mist feature <222> (1)..(30) <223>

Synt hesi zed primer <400> 58 ggatcttcag gctctacgtg agcataggct <210> 59
<211> 24 <212> DNA <213> Artificial Sequence <220> <223> Synthesi zed
primer_,,522Q3 <221> m st feature

aggcttcette tacaca le

<210> 54
<211> 16
<212> DNA

<213> Artificial Segquence

<220>

<223> QOligonucleotide
<22d>

<221> misc_feature
<222> (1) ..(16)}

<223> BSynthesized primer

<400> 54

caggctgect geacca 7 16
210> 55

<211= 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Oligonucleotide
<220>

<221> misc_feature
«222> (1) ..(18)

<223> BSynthesized primer

<400> 55
aggragagga cctgca 16
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<222> (1)..(24) <223> Synthesized primer <400> 59 gggtggtgag ggttgaggtt
tgtg <210> 60 <211> 2718 30 24 41 2 4 MAR 2006 <212> DNA <213> Honp sapi ens
<400> 60 tttaggaacg caccgtgcac atgcttggtg gtcttgttaa gtggadaetMAR 2068 tt aga
60 gtttgtttgg aaggtccggg tgactcatcc caacatttac atccttaatt gttaaagcgc 120

t gcct ccgag
gct gaaaaga
t cacaaggaa
gaaggagsig
ctaccttgtc
cct ggt etica
ttagct gcaa
cgacct ffdéa
act ct gaggg
acgaat ¢atg
gt ggcagact
aggact agt a
acaact ggot
aagcagggac

tttgat &gée
gccttg '[>
ttctt C%%gg

<221>

<222>

<223>

<400>

cgcacgcat c
t aaaaact ct
acaccaat gg
tgtt aagttt
gaaaaccagt
aogccat cct
ggaaagat cc
at'®t caaat g

\gagageena,

daad
ccaaggttgg

ct gagat cct
ccagat gt ct
cttccccgeg
t cat aacatc
t gagaaaaaa
gggacccaca
aagtggatta
t aat t caggt
cttacagttc

AtG§at t aac

aactcagttt

t aggaat gga gctt at cact

t agact caag
gaacaat cat

cacagcaaat
cttctccatt

tRageRERatigycet cagga

actttgaatc

agct ggt t at

acatcattaa tggagattcc

misc_feature

(1)..{20}

Synthesized primer

56

gtgtggegge caattactac

<210>

<211>

<212>

<213

<220>

223>

<220>

<221>

<222>

<223>

<400>

57

20

DNA

Artificial Sequence

Oligonucleotide

misc_feature

(z)y..(20)

Synthesized primer

57

cttggcaagt ctgcatttga

<210

58

gagcctttgg
tccagt aatg

acagcttcca
t gct at cgag
atattatcga
ggt ggaggca
t ct ggagat g
t acgt ggt ac
t cagcagct ¢
agggtcattc
atccgtggtg
gatccttcca
gctgtccttt
cat cagcctc
agactt at gt
cact gt gagg
act gct gt gg

40

tt aagaccga
tcgaagtttt
at gacct gaa
t aaaact gaa
at at caat gg
aatcttcgtt
ttct gat aaa
aagat gat gt
ttcggcttgce
aagagt t agg
t gt ct ggagg
tcttgttctt
t gct cct gaa
gat at t ccat
t ccacgggcc
cct at aat aa
catt aaacag

gctctattaa
tatcccagtg
ggcatttact
gagt ggcttt
gat cat gaaa
attagatgtc
t ggagcaccg
t gt gat gggc
aacaactatg
t ct ggat aaa
agaaagaaaa
ggat gagcct
aaggat gt ct
cttcaagttg
t gct caggag
ccct gcagac
agaagaagac

20

20

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140




tttaaagcca
gcggagattt
tccgggggt g
ttctgtcatc
caggcctcta
tactttgggc

cagagat cat agagccttcc
atgtcaactc ctccttctac
agaagaagac gaagat caca
aact cagatg ggtttccaag
tagct cagat cattgtcaca gtcgtactgg
t aaaaaatga ttctactgga atccagaaca
agcagtgttt cagcagtgtt tcagccgtgg

aagcaggat a
aaagagacaa
gt ctt caagg
cgttcattca

agccactcat agaaaaatta 1200
aagctgaatt acgtc ctt 1260
agat cagcta ca ic 2020
aaaacttgct gggtaatccc 1380
gactggttat aggtgccatt 1440
gagctggggt tctcttcttc 1500
aactctttgt ggtagagaag 1560 42 2

ct gacgagca
4 VAR ‘%lgé
tttcctigga
tacctgtata
gat gt t tzice
aggt cagagt
gattttttca
gtacttcage
aaacttctgc

aagctcttca tacatgaata

w20 aaactgttat
1680 gtgtacttca
PEAOEicg el cegadrgrg
1800 gtggtttctg
1860 ggtctgttgg
1920 attccacgat
1980 ccaggactca

ctgatttatt
t gttaggatt
tggcttattc
tagcaacact
t caat ct cac
atggatttac
at gcaacagg

cat cagcgga

acccat gagg
gaagccaaag
agccagttcc
t ct cat gacc
aaccattgca

ggctttgcag
aaacaat cct

atgttaccaa
gcagat gcct
at ggcact gg
atctgttttg
tcttggcet gt
cat aat gaat
tgtaactatg

tactacagag tgtcatctta

gtattatatt
tcttcgttat
ccat agcagc
tgtttatgat
catggcttca
ttttgggaca
caacat gt ac

t ggcgaagaa 2Q040ond-atddiggt aa agcagggcat cgatctctca ccctgggget tgtggaagaa
tcacgtggcc 2100 ttggcttgta tgattgttat tttcctcaca attgcctacc tgaaattgtt
atttcttza 2160 aaatattctt aaatttcccc ttaattcagt atgatttatc ctcacataaa
aaagaagcac 2220 tttgattgaa gtattcaatc aagttttttt gttgttttct gttcccttgc
cat cacatt'gy 7986-TftYcacagca gcaattgttt taaagagata catttttaga aatcacaaca
aact gagita Zﬁgo (:@@cat gaaag aacccaagac atcatgtatc gcatattagt taatctcctc
agacagtaac 2 catggggaag aaatctggtc taatttatta atctaaaaaa ggagaattga
attct ggaaa 24@0heGhecftganan gttattactg tctctggcat ttgtttcctc atctttaaaa

t gaat aggt a

atttaataaa 2580 tgacaaatgt attaatgcta tactggaaat gtaaaattga aaatatgttg
gaaaaaagat 2640 tctgtcttat agggtaaaaa aagccaccgt gatagaaaaa aaatcttttt
gat aaggg‘,i(‘écttcag gctctcacg gtggaatt agggactt 2718 <210> 61 <211> 655 3<0212> PRT

<210> 5%

«211> 24

<212> DNA

<213> Artificial Sequence

<220

<223> Synthesized primer

<220>

<221> misc_feature

<222> (1) ..{(24)

<223> Synthesized primer

<400> 59

gggtggtgag ggttgaggtt tgtg

<210>

<211>

2520 ggttagtagc

60

2718

ccttcagtct

taatacttta

41

t gat gct at g

gtttgccatt

24




<213> Hono sapiens <400> 61 Met Ser Ser Ser Asn Val GQu Val Phe Ile Pro Val

Ser dn dy Asn 1 5 10 15 Thr Asn Gy Phe Pro Ala Thr Ql'%[&r@@fn Asp Leu
Lys Ala Phe Thr 2025304324BARZOGBGuGyAIa\7/ z Phe His
Asn Ile Cys Tyr Arg Val Lys Leu 35 40 45 Lys Ser Ay Phe Leu Pro Cys Arg
Lys Pro Val Qu Lys Qu Ile Leu 50 55 60 Ser Asn Ile Asn Ay Ile Met Lys
Pro Ay Leu Asn Ala lle Leu dy 65 70 75 80 Pro Thr Ay Ay Ay Lys Ser
Ser Le%l%lgu p Val Leu Ala Ala Arg 85 90 95 Lys Asp Pro Ser Ay Leu Ser
Gy Asp Val Leu lle Asn Gy Ala Pro 100 105 110 Arg Pro Al a Asn Phe Lys
Cys AsmpiSer uehy shyfen¥al Val A n Asp Asp 115 120 125 Val Val Met Gy Thr
Leu Thr Val Arg Qu Asn Leu A n Phe Ser Ala 130 135 140 Ala Leu Arg Leu
Ala Thr Thr Met Thr Asn His GQu Lys Asn Qu Arg 145 150 155 160 Ile Asn
Arg Val Ile Gn GQu Leu Ay Leu Asp Lys Val Ala Asp Ser 165 170 175 Lys
val d tg?hrasél n Phe lle Ar th% Val ser d GI%1 d utArtgtL%s 180 185 190
Arg Thrt"88F2° P3Gy Bt PR 19807 19°6" P 2 ASH BB 8- 7T "i%uU Phe® 195 200
ggg Iég%ct%gipctgg%agggccggg t-gaEtcgt}fc LC%HC&%E&(.S%%C(%raaI@rgt&ﬁg@éé-l Alﬁoval 210

tgeccteegag cgcacgecatce ctgagatcet gagecetttgg ttaagacecga gcectctattaa 180

gctgaaaaga taaaaactcet ccagatgtcet tecagtaatg tegaagtttt tateccagtg 240

tcacaaggaa acaccaatgg cttcccegeg acagettcoca atgacctgaa ggeatttact 300

gaaggagctg tgttaagttt tcataacatc tgctatcgag taaaactgaa gagtggettt 360

ctaccttgtc gaaaaccagt tgagaaagaa atattatcga atatcaatgg gatcatgaaa 420

cetggtecteca acgccatcect gggacccaca ggtggaggca aatcttcegtt attagatgte 480

ttagectgecaa ggaaagatec aagtggatia tcetggagatg ttetgataaa tggagcaccg 540

cgacctgcca atttcaaatg taattcaggt tacgtggtac aagatgatgt tgtgatgggce 600

actctgacgg tgagagaaaa cttacagttc tcagcagetce ttcggettge aacaactatg 660

acgaatcatg asaaaaacga acggattaac agggtcattc aagagttagg tctggataaa 720

gtggcagact ccaaggttgg aactcagttt atcecgtggtg tgtctgogagg agaaagaaaa 780

aggactagta taggaatgga gettatcact gatcetteca tettgttett ggatgagect B840

acvaactgget tagactcaag cacagcaaat getgtecttt tgcteoctgaa aaggatgtct 200

aagcagggac gaacaatcat cttctccatt catcagcctc gatattccat cttceaagttg 960

tttgatagce tcaccttatt ggcctecagga agacttatgt tecacgggec tgctcaggag 1020

gccttgggat actttgaatc agctggttat cactgtgagg cctataataa ccecctgeagac 1080

ttettettgg acatcattaa tggagattcece actgetgtgg cattaaacag agaagaagac 1140

tttaaagcca cagagatcat agagccttcc aagcaggata agccactcat agaaaaatta 1200

geggagattt atgteaacte ctecttcetac aaagagacaa aagctgaatt acatcaactt 1260

tccgggggtg agaagaagaa Jgaagatcaca gtcettcaagg agatcagceta caccacctce 1320

ttetgtcatec aactcagatg ggtttccaag cgttcattca aaaacttget gggtaatcce 1380

caggcectota tagotcagat cattgteaca gtegtactgg gactggttat aggtgccatt 1440

tactttgggc taazaaatga ttctactgga atccagaaca gagctggggt tctcttcette 1500

ctgacgacca accagtgttt cagcagtgtt tcageecatgg aactetttgt ggtagagaag 1560
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Leu Leu Leu Leu Lys Arg Met Ser Lys G n @y Arg Thr Ile Ile Phe 225 230
235 240 Ser

Ile HHs G n Pro Arg Tyr Ser |le Phe Lys Lez;ticﬂ Rﬁiﬂﬁﬁser Leu
245 250 255 Thr Leu Leu Ala Ser Ay Arg Leu Met Phe Hi 5 Ala Adn Qu

44 2 4 MAR 2006 260 265 270 Ala Leu Ay Tyr Phe Au Ser Ala Ay Tyr H's Cys
AQu Ala Tyr Asn 275 280 285 Asn Pro Ala Asp Phe Phe Leu Asp Ile Ile Asn
Ay Asp Ser Thr Ala 290 295 300 Vval Ala Leu Asn Arg Au Glu Asp Phe Lys
Ala Thr du.lle Ll @ 305 % %1%320 Pr %%r %@ t%% Pro Leu
aa tea agt t G, ct tcCt
e A gL s Leu Al uﬁal I 2 §§69§§ aAsn g e Tyr Lys
Gu Thaaaley@ttﬁkact@aﬂttlaea ddc8atdaby lRYr £ 340 %}45tt§15@t§@@cgg¥algy (dad Lys Lys
Lys Lys Ile Thr Val Phe Lys Qu Ile Ser 355 360 365 Tyr Thr Thr Ser Phe
Cys Hi stoGkrrtee kAt godhtp ddabe@erg lgrsgfrogeSartt3F0at3 66t B880adhe 1349 Asn Leu
Leu Gy Asn Pro A n Ala Ser Ile Ala dn lle Ile 385 390 395 400 Val Thr
Val VafttEEeRtepy-asettarsF e ye mtagcré}cégerﬁcam@a@ FIEERRI2A05 hﬁ‘)@ 415 Lys
Asn %%ﬁ hr Yo ll.e tgh %sag % Val L@: %@ec E 20 425 430
tte ta ac C tea c t t tttat a t
Leu Th Bt Sebe s )38 440 445
ggtctgttgy tcaatctcac aaccattgea tettggetgt catggettea gtacttcage 1920
attccacgat atggatttac ggectttgcag cataatgaat ttttgggaca aaacttctge 1980
ccaggactca atgcaacagg aaacaatcct tgtaactatg caacatgtac tggcgaagaa = 2040
tattitggtaa agcagggcat cgatctctca coctgggget tgtggaagaa tcacgtggeco 2100
ttggettgta tgattgttat tttcctcaca attgcctacc tgaaattgbit atttcttaaa 2160
aaatattctt aaatttccee ttaattcagt atgatttatce ctcacataaa aaagaagcac 2220
tttgattgaa gtattcaatc aagtttttitt gttgttttet gttceccttge catcacactg 2280
ttgcacagca gcaattgttt taaagagata catttttaga aatcacaaca aactgaatta 2340
aacatgaaag aacccaagac atcatgtatc gecatattagt taatctcectec agacagtaac 2400
catggggaag aaatctggte taatttatta atctaaaaaa ggagaattga attctggaaa 2460
ctectgacaa gttattactg tetcetggecat ttgttteoete atcetttaaaa tgaataggta 2520
ggttagtagc ccttcagtct taatacttta tgatgctatg gttigccatt atttaataaa 2580
- tgacaaatgt attaatgeta tactggaaat gtaaaatfga aaatatgttg gaaaaaagat 2640
tetgtcttat agggtaaaaa aagccaccgt gatagaaaaa aaatcttttt gataagcaca 2700
ttaaagttaa tagaactt 2718
<210> &1
<211=> 655
<212> PRT
<213> Homo sapiens

<400> 61

Met Ser Ser Ser Asn Val Glu Val Phe Ile Pro Val Ser Gln Gly &sn
1 5 10 15

Thr Asn Gly Phe Pro Ala Thr Ala Ser Asn Asp Leu Lys Ala Phe Thr
20 25 30
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Val Val Qu Lys Lys Leu Phe Ile Hs GQu Tyr Ile Ser Ay Tyr Tyr 450 455
460 Arg Val Ser Ser Tyr Phe Leu Gy Lys Leu Leu Ser Asp Leu Leu Pro 465
470 475 480 Met Arg Met Leu Pro Ser Ile Ile Phe Thr Cys |2 AR T3 Phe Met
485 490 495 45 2 4 MAR 2006 Leu Ay Leu Lys Pro Lys Ala Asp Al a Phe Phe Val
Met Met Phe Thr 500 505 510 Leu Met Met Val Ala Tyr Ser Ala Ser Ser Met
Ala Leu Ala Ile Ala 515 520 525 Ala Gy dAn Ser Val Val Ser Vval Ala Thr
Leu Lou Met Thr Ile Cys 530 535 540 Phe Val Phe Met Met Ile Phe Ser Ay
Leu Leu Val Asn Leu Thr Thr 545 550 555 560 Ile Ala Ser Trp Leu Ser Trp
Leu G enul¥iy Rhg @eridd e=Prae Alig A3 11565 30 Hfdva yyPhe.Thr Ala Leu Gn
H's Asn Gu Pee Lou Gy An Asn Phe Cys 580 &35 590 Pro Ay Leu Asn Ala
Thr Ay Asn Asn Pro Cys Asn Tyr Ala Thr Cys 595 600 605 Thr Ay Au Gu
Tyr Leu Val Lys A n Ay Ile Asp Leu Ser Pro Trp 610 615 620 Ay Leu Trp
Lys ASHSHPS' Va¥ FAPaletACHS AFS et °¥T &2vdilv 1% Phe 116359630 635 640 Leu
Thr Ile AP Tyr Leu Lys Léd Leu Phe Leu Ly¥ Lys Tyr Ser 645 650 655 1 34
46

Ser Asn Ile Asn Gly Ile Met Lys Pro Gly Leu Asn Ala Ile Leu Gly
65 70 75 80

Pro Thr Gly Gly Gly Lys Ser Ser Leu Leu Asp Val Leu Ala Ala Arg
85 90 95

Lys Asp Pro Ser Gly Leu Ser Gly Asp Val Leu Ile Asn Gly Ala Pro
1ae 165 110

Arg Pr¢ Ala Asn Phe Lys Cys Asn Ser Gly Tyr Val val Gln Asp Asp
115 120 125

Val val Met Gly Thr Leu Thr Val Arg Glu Asn Leu Gln Phe Ser Ala
130 135 140

Ala Leu Arg Leu Ala Thr Thr Met Thr Asn His Glu Lys Asn Glu Arg
145 150 155 160

Ile Asn Arg Val Ile Gln Glu Leu Gly Leu Asp Lys Val Ala Asp Ser
165 170 175

Lys Val Gly Thr Gin Phe Ile Arg Gly Val Ser Gly Gly Glu Arg Lys
180 i85 120

Arg Thr Ser Ile Gly Met Glu Leu Ile Thr Asp Pro Ser Ile Leu Phe
195 200 205

Leu Asp Glu Pro Thr Thr Gly Leu Asp Ser Ser Thr Ala Asn Ala Val
210 215 220

Leu Leu Leu Leu Lys Arg Met Ser Lys Gln Gly Arg Thr Ile Ile Phe
225 230 235 240

Ser Ile His Gln Pro Arg Tyr Ser Ile Phe Lys Leu Phe Agp Ser Leu
245 250 255

Thr Leu Leu Ala Ser @ly Arg Leu Met Phe His Gly Pro Ala Gln Glu
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Ala

Asgn

Val

305

Fro

Val

Ser

Tyr

Phe

385

Val

Lys

Leu

Val

Arg

465

Met

Leu
Pro
290
Ala
Ser
Agn
Gly
Thr
370
Lys
Thr
Asn
Thr
Val
450

val

Arg

Gly

275

Ala

Leu

Lys

Ser

Gly

355

Thr

Asn

Val

Asp

Thr

435

Gilu

Ser

Met

260

Tyx

Asp

Asn

Gln

Ser

340

Glu

Ser

Leu

val

Ser

420

Asn

Lys

Ser

Leu

Phe

Phe

Arg

Asp

325

Phe

Lys

Phe

Leu

Leu

405

Thr

Gln

Lys

Tyr

Pro
485

Glu

FPhe

Glu

310

Lys

Tyr

Lys

Cys

Gly

390

Gly

Gly

Cys

Leu

FPhe

470

Ser

Ser

Leu

295

Giu

Pro

Lys

Lys

His

375

Asn

Leu

Ile

Phe

Phe

455

Leu

Ile

Ala

280

Asp

Asp

Leu

Glu

Lys

360

Gln

Pro

Val

Gln

Ser

440

Ile

Gly

I_le

265

Gly

Ile

Phe

Ile

Thr

345

Ile

Leu

Gln

Ile

Asn

425

Ser

His

Lys

Phe

Tyxr

Ile

Lys

Glu

330

Lys

Thr

Arg

Ala

Gly

410

Arg

val

Glu

Leu

Thr
490

His

Asn

Ala

315

Lys

Ala

Val

Trp

Ser

395

Ala

Ala

Ser

TYyY

Leu
475

Cys’

45

Cys

Gly

300

Thr

Leu

Glu

Phe

Val

380

Ile

Ile

Gly

Ala

Ile

460

Ser

Ile

Glu

285

Asp

Glu

Ala

Leu

Lys

365

Ser

Ala

Tyxr

Val

Val

445

Ser

Asp

val

270

Ala

Ser

Ile

Glu

Hig

350

Glu

Lys

Gln

Phe

Leu

430

Glu

Gly

Leu

Tyr

Tyr

Thr

Ile

Ile

335

Gln

Ile

Arg

Ile

Gly

415

Phe

Leu

TyY

Leu

Phe
495

Asn

Ala

Glu

320

Tyr

Leu

Ser

Ser

Ile

400

Leu

Phe

Phe

Tyr

Pro

480

Met
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Leu

Lewu

Ala

FPhe

545

Ile

Gly

Pra

Thr

Gly

625

Leu

34

Gly

Met

Gly

530

Val

ala

Phe

Gly

Gly

610

Leu

Thr

Leu

Met

515

Gln

Phe

Ser

Thr

Leu

Lys
500

Val

Ser

Met

Trp

Ala
580

Agn

585

Glu

Trp

Ile

Glu

Lys

Ala

Pro

Ala

Val

Met

Leu

565

Leu

Ala

Tyr

Asn.

Tyr
645

Lys

Tyr

val

Ile

550

Ser

Gln

Thr

Len

His

630

Leu

Ala

Ser

Ser

535

Phe

Trp

His

Gly

val

615

Val

Lys

Asp

Ala

520

Val

Ser

Leu

Asn

Asn

600

Lys

Ala

Leu

Ala

505

Ser

Ala

Gly

Gln

Glu

585

Asn

Gln

Leu

Leu

Phe

Ser

Thr

Leu

Tyr

570¢

Phe

Pro

Gly

Ala

Phe
650

Phe

Metr

Leu

Leu

555

Phe

Leu

Cys

Ile

Cys

€35

Leu

46

Val

Ala

Leu

540

Val

Ser

Gly

Asn

Asp

620

Met

Lys

Met

Leu

525

Met

Asn

ile

Gln

Tyr

605

Leu

Ile

Lys

Met

51G

Ala

Thr

Leu

Pro

Agn

520

Ala

Ser

Val

Tyr

Phe

Ile

Ile

Thr

Arg

575

Phe

Thr

Pro

Ile

Ser
655

Thr

Ala

Cys

Thr

560

Tyxr

Cys

Cys

Trp

Phe
640
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