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I nvention The invention relates to nethods and conpositions for treating a
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i mrunosuppression, with fornulations and nethods for |ocal delivery and
for sustained rel ease of the conpositions. Background of the Invention The
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The abnormally high blood glucose (hyperglycemia) that characterizes diabetes, if left
untreated, results in a variety of pathological conditions, for example, non-healing peripheral
vascular ulcers, retinal damage leading to blindness, and kidney failure. Diabetes of both

25  types I and II ate treated with insulin injection in response to blood glucose levels determined
by patient glucose self-monitoring, although not all type II-patients progress to requiring
insulin therapy. Typicaily, multiple doses of insulin are delivered by the patient per day.
Severe pathological consequences of diabetes are correlated with less rigorous control of
blood glucose level. |

30 A potential treatment for diabetes would be to restore § cell fimction so that insulin
release 1s dynamically regulated in response 1t0s changes in blood glucose levels, This can be
achieved by pancreas transplantation, but this app'roach is typically limited to diabetics

requiring kidney transplants for renal failure. Also, pancreas transplantation can require life-




Recently, transplants of isolated human islet preparations have
successfully reversed insulin diabetes in human subjects for prol onged
peri odswoHWw0EM95 a | arge anount of donor 5 islet cel PCTESZN08/03359%
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peptlde (V IP) receptor ligand; a fibroblast growth factor (F GF) receptor hgand a

keratinocyte growth factor receptor ligand; a nerve growth factor (NGF) receptor ligand; an
islet neogenesis associated protein (INGAP) receptor ligand; an Activin-A receptor ligand; a

25  vascular endothelial growth factor (VEGF) receptor ligand; an erythropoietin (EPO) receptor
ligand; a pituitary adenylate cyclase activating polypeptide (PACAP) receptor ligand; a
granulocyte colony stimulating factor (G-CSF) receptor ligand; a granulocyte-macrophage
colony stimulating factor (GM-CSF); a platelet-derived growth factor (PDGF) receptor ligand
and a Secretin receptor ligand.

30 As used herein, the term “diabetes” means any physiologic indication of a short age of
insulin, a production of antibodies against insulin, or an excess of blood sugar. Diabetes is

exemplified but not limited to diabetes I, diabetes II, gestational diabetes, and a pre-diabetic




Hor mone (HGH), a Placental |actogen (PL), or a Prolactin (PRL), or an
exendi n such as exendin-4. Another feature of the invention provides a
met hod War2004/¢x195ng di abetes, the nmethod includi ng coPCHEBIMME0IBRIVI VO a
plurality of cells with a corrposition having at |east one of a 10 FACA NT
and a gastrin/CCK receptor |igand, Frovi ded that the FACA NT_is not an EGF
r ecepopditipi. géﬁasechhﬂyeladtheﬁem cwpmgnat Hhes dleg psitat meaning wfany mambe?f t her eof |
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the nmethod using cells ex vivo, the cells can be pancreatlc ductal cells.
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Aot eHs ifboaiamaml- herein is a method for inducing pancreatic islet
neogenesi 3l Aty in (IRETHRm MY & bﬁl Gﬁﬂ?ﬁ' S ik P s sBEniTRIY B urfher,
conposi ti on CONprising a conbi Ratl 6

the amount of the FACGINT in the composmon is substantially less than the minimum’

effective dose of the FACGINT required to reduce blood glucose in the diabetic mammal in
the absence of a gastrin/CCK receptor ligand. The method can further include measuring a
25  parameter selected from the group of: blood glucose, serum glucose, blood glycosylated
hemoglobin, pancreatic B cell mass, serum insulin, pancreatic insulin content, and
ﬁ:lorphometrically determined P cell mass. In general, one of skill in the art of diagnosis of
diabetes would measure a glucose level in blood or serum following a fast, i.e., a period of no
feeding of the subject or patient, of duration typical of such a diagnosis. The standard
30  measurement is an assay of fasting blood glucose, or FBG.
The in vivo methods herein can further include measuring a parameter selected from
the group of: amount of insulin secreting cells, glucose responsiveness of insulating secreting

cells, amount of proliferation of islet precursor cells, and amount of mature insulin secreting
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FACA NT and a gastrin /CCK receptor ligand provided that the FACG NT is not
an EGF receptor ligand, in an anount sufficient to increase proliferation
of i sl ewroeeosaey cells in pancreatic tissue, therebpcrmdemsngsspancreatic
i sl et neogenesis. Yet another enbodiment herein in a nethod for inducing
pancreatic islet neogenesis 10 in a manmal, the nethod conpri sing
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Also provided herein is a kit for treatingg diabetes, containing a composition

comprising a gastrin/CCK receptor ligand and a FACGINT, a container, and instructions for
use, provided that the FACGINT is not an EGF receptor ligand. The bit composition can be

25  provided in one or more unit doses. The composition of the kit further inciudes a
pharmaceutically acceptable carrier.

Another feature of the invention herein is 2 method for expanding and differentiating
stem cells into insulin secreting cells in a diabetic recipient of implanted cells, which includes
implanting the stem cells in the recipient, and administering to the recipient a composition

30  containing an effective dose of each of a gastrin/CCK receptor ligand and a FACGINT
provided that the FACGINT is not an EGF receptor ligand. In this method, the cells can be
obtained for example from a human or a porcine. Further, the implanted cells are obtained

from pancreatic islets, umbilical chords, embryos, or stem cell lines. Alternatively, a method
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17Leul5. Further, according to these nethods, inplanting the cells in the
recipient is using a route such as injecting directly into an organ, and
adm ni sway wngoimes avenously. Injecting the 10 cells iBcoak2ooenszsgs | ocal ly
into an organ, for exanple, the pancreas, the kidney, and the liver.
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at least one o group consisting of a’ rapamycin; {1 costeroid; an
azat hiodhe revépient an effective dose of each-of a gastrin/CCK receptor ligand and a FACGINT,

the amount of cells being reduced in comparison to implanting cells in the absence of
administering the effective dose to an otherwise identical recipient, provided that the
25  FACGINT is not an EGF receptor ligand.

In a related embodiment of the invention, the invention provides a composition
comprising a gastrin/CCK receptor ligand and at least one FACGINT, provided that the
FACGINT is not an EGF receptor ligand. The composition is provided in a dosage that is
effective for inducing differentiation of an islet precursor cell into a mature insulin secrefing

30 cells. The composition can further be provided in a pharmaceutically acceptable carrier.

A kit is provided for treating diabetes, the kit containing a composition comprising at

least one FACGINT provided that the FACGINT is not an EGF receptor ligand, and a

gastrin/CCK receptor ligand, a container, and instructions for use.
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administered by a route that is intravenous, subcutaneous, intraperitoneal, or intramuscular.
Further, in certain embodiments, the agent for suppressing immune response is administered
25  orally. In general, the agent for suppressing immune response is at least one of FK506,
rapamycin, and daclizumab. Further, according to embodiments of any of the methods herein
other than those calling for measurement of certain experimental parameters, the subject can
be a human,
Also featured herein 1s a kit for treatment of a diabetic subject, comprising a
30  container, an immunosuppressive agent, and an INT composition comprising a FACGINT
provided that the FACGINT is not an EGF receptor ligand.
Also provided here is a pharmaceutical composition for sustained release of an

LN.T.™ therapeutic composition, the composition comprising: a gastrin receptor ligand; and
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peptide 2 receptor ligand; a gastric inhibitory polypeptide (G P) receptor
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consi sting of transdermal and micosal delivery. Any of these c¢onpositions

¢an KRAfGrNurerptnd lisend;etrpidegytp golanyrsdmalativaiaceicceST) receipblignndi 8n wi t h
Lo DA 2P 5 AR AP SO ot gprechn o
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parenteral adminisiration. Alternatively, the composition can be formulated for oral
25  administration.

The composition can be formulated for a route of administration selected from the group

consisting of subcutaneous, intraperitoneal, intravenous, and intramuscular injection.

In one embodiment, at least one of the gastrin receptor ligand, or the EGF receptor ligand or

" the FACGINT, is formulated for systemic administration.

30 Further, the above compositions can be formulated for local delivery, for example, the

local delivery is targeted to the pancreas. Exemplary types of local delivery include

endoscopic retrograde cholangiopancreatography (ERCP); endoscopic ultrasound-guided fine

needle aspiration delivery (EUS-FNAD); injection into a pancreatic artery; injection into a
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Also featured is a method of reducing frequency of treating a diabetic subject with an -

25 LN.T.™ composition, the method including preparing at least one component of the
composition as a sustained release formulation; and administering the composition to the
subject according to a protocol having greater intervals between treatments than for the
composition not so formulated and otherwise identical. Administering can be delivering by a
route selected from: endoscopic retrograde cholangiopancreatography (ERCP); endoscopic

30 ultrasound-guided fine needle aspiration delivery (EUS-FNAD; injection into a pancreatic
artery; injection into a portal vein; intrapancreatic injection; or injection into an hepatic

artery. Imaging technology can be used to guide a catheter in place during these procedures.
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consi sting parenteral, oral, transdermal, subcutaneous, nucosal,
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protein (PTH1P) receptor ligand; hepatocyte growth factor (HGF) receptor ligand; a bone

25  morphogenetic protein (BMP) receptor ligand, a transforming growth factor-p (TGF-f3)
receptor ligand; a laminin receptor ligand; vasoactive intestinal peptide (VIP) receptor ligand;
a fibroblast growth factor (FGF) receptor ligand; a keratinocyte growth factor receptor ligand;
a nerve growth factor (NGF) receptor ligand; an islet neogenesis associated protein (INGAP)
receptor ligand; an Activin-A receptor ligand; a vascular endothelial growth factor (VEGF)

30  receptor ligand; an erythropoietin (EPO) receptor ligand; a pituitary adenylate cyclase
activating polypeptide (PACAP) receptor ligand; a gramulocyte colony stimulating factor (G-
CSF) receptor ligand; a granulocyte-macrophage colony stimulating factor (GM-CSF); a
platelet-derived growth factor (PDGF) receptor ligand; and a Secretin receptor ligand.
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propionate (CAP); hydroxypropyl cellulose (HIPC); hydroxypropyl cellulose/cellulose acetate
25  propionate (HPC/CAP); methy! methacrylate (MMA); butyl methacrylate (BMA);
* hydroxymethyl methacrylate (HEMA); ethyl hexyl acrylate (EHA); octadecyl methacrylate
(ODMA); and ethyleneglycol dimethacrylate (EGDMA).
Also featured is a method for expanding and differentiating stem cells into insulin

secreting cells in a diabetic recipient of the cells, having steps of: implanting the cells in the
30  recipient; and administering a sustained release composition comprising an effective dose of
each of: a gastrin/CCK receptor ligand; and a FACGINT or an EGF receptor ligand, wherein

the stem cells are expanded and differentiated into insulin secreting cells in the recipient.
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t hat adimidistering at leastroae of the tebgptorligab8s et dgenisatsing a wstainedoelsagsrdevitge term

" FACG NT" .j ncl | ety of wi.h. fact weh h :
Zentany LSRG e Yot gt el RaRPbPe 8RR B O Hielionde and
ef f edi@h8s of Aen®F6r QistaiMiderelc@sE PARY 5f theseah¥Bedd dhnlBeehed Gvitif the dRBeEi@r owt h

hor nones and growth factors ]
subject who has type 1 diabetes or type II diabetes.

Also featured is 2 method for expanding a functional B cell mass of pancreatic islet

transplants in a diabetic patient recipient of a transplant of purified islets, the method being
25  administering to the mammal an effective dose of a gastrinCCK receptor ligand and a
FACGINT.

Also featured is a method for method of treating human diabetes comprising
transplanting a pancreatic islet preparation into a diabetic patient; and administering o the
patient an effective dose of a gastrin/CCK receptor ligand and a FACGINT. Accordingly in

30 this method, the FACGINT comprises a prolactin receptor ligand which is prolactin.
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as these terns are generally understood, exenplified but not limted to: a
PTH-rel ated protein 20 (PTHP) receptor ligand such as PTH P (PTHr P,

Gar ci a-@eaa4/03819%et at., 2001, J. clin. Endocrin. MtROT/USBN3/EB49088); a
hepat ocyte grow h factor (HGF) receptor |igand such as HG- (HG-; Ni el sen,
J. et al., 1999, J Mot Med _77; 62-66); a fibroblast gromh factor (FGF)
such as FGF, a kerati nobgtgaedPesarntos cEmbogpeentyr | i gand such as

KG-; a ner, . f t-Otiny L] : dﬁfq: astric
i nhi bitor 39/‘%“ ?ﬁeﬁ%ﬂ%%@@% %rc@é%%? ]'reﬁgﬁl(r:%kgrg ;E%I&tu?g:ns oefﬁﬁ?llg growt h
f act dipatdtadd @h QL rfeeespt Bgandi agarithetw CQongsemdiiing(GhsGin [sddt@dogenslsi cat i on
2002/ %g72115 publ i shed Jun. 13, 2002), a lamnin receptor |igand such as

| ani Aibgrapy (BAG ?- neogenesi s associ ated protein (I NGAP) receptor |igand

ch as | . i: I i ch a
B2, o Ao AR T RGO YRS AGbpo by LF SR COITL 308, S .
a gl gestgofGCCK keceptp tigand, Tor exaepiezadfin) giyenaswpdsing evel 6 dnhanebneseenlli n- 4,

| ucagon- | i epti,de.. GP-2) receptor |igand such a GLP-2, .and
i poporgY. Sty aad GG 45k Fptasnl S B an ArRE cORpO alore: Bt t8el s o
GP- leashhiugd &sm FACEINRlas ulse%ﬁgé%ein'ﬂi@ags abhSIemeRBeS tha8iiAstatdh%for ) by

inhibiting an enzyne involved in its integrity; a REG receptor |igand such
as ReEstpnoflée termg” comphtrhertiay frithieot becassa iy a0 R Io DI PETynsegiend 88895  ( GH)

i B Shnpd R FACERIE ot o el Ay Pl ouhg S0 Y adnaBBRAASEEE 2°an o)
I eCeph@finlahg ARCEA SGENTaSInhinkstratian f tHefcodibiriiok iy imbfogfbicgtiows foEPO) recept or

|l i gand such as EPO (http://ww.drinet.org/htnl/august _2002-.httn); a
bet a&&pedipting the diabetes atthgdoass ysed prthg combipbieR. of the EGF fanily); an

Activin-A er. L i VAL A helial growth
factor (Vgﬁﬁ%céﬁe@?’?wa@:ﬁgg%}ﬁ%%%w eﬁ%“é@#&%‘?&‘%ﬁéi s factor

( BVPpartzobkpligand sigdnoeaiumly cagipBhBof or aompswricthattendstbesiidracts withpod de (VI P)
receptor. ligand such as VIP; a vascular endothelial growth factor (VEGF)
Feceptilates A e as VEGF: a pituitary adenyl ate cyclase activating

pol ypept i dge({BACARACGENTP itudds @aRde SRy T gldviBAGAGs AAdréwinl ocyt e col ony
stimulating factor (G CSF) receptor |igand such as G CSF;” a

gr anhibooynas, agevisdhifagedifotnsngr meternilitha aatprs kermenes, el dgm)dsraad ebfesiory i gand
h ; | atelet-deri t i gand
such otk e Ao RiE btk SEbIAG A RIE el OO R ol GE AR L 0ONC,

t he gg awkdtdrme bty geneiliz ierstodd ZeseRnplified bt asidimipeiit 8@ THerebited prosaid 15
hor rmn% conmpounds, herein th

re indicated to be an ex |l ary FACA NT, all
Rhowk? Ialﬁ%)|r85@é%r,il%¢ﬁ%&ha§,Paf&#§’ @E&gaéﬁ?@s?cm ghaln 200hd E40cour v i ng or
made i - I t i i ed
B et G e R G e
conj GHaF E4GTE Neclsenc brepeb, 1999ns Mid Macd: 93~ 60k fibioblast gromeh faciardFEFdf a
Chem S8 o GH P 1B 55 HRRE tRbm) RISRY: RgtFRRR JRGRS ke od B, for
growth factor (NGF) receptor ligand such as NGF; a gasiric inhibitory polypeptide (GIP)

Rt S

25  receptor such as GIP; a transforming growth factor beta (TGFB) receptor ligand such as
TGFB (U.S. patent application 2002/0072115 published Jun. 13, 2002), a laminin receptor
ligand such as laminin-1; an islet neogenesis associated plrotein (INGAP) receptor ligand such
as INGAP; a bone morphogenetic factor (BMP) receptor ligand such as BMP-2; a vasoactive
intestinal peptide (VIP) receptor ligand such as VIP; a glucagon-like peptide 1 receptor

30  ligand such as GLP-1 and exendin-4, glucagon-like peptide 2 (GLP-2) receptor ligand such as
GLP-2, and dipeptidyl peptidase IV inhibitors which indirectly affect the levels of GLP-1
(Hughes, T. et al., 2002, Am Diabetes Assoc Abstract 272-or) by inhibiting an enzyme
involved in its integrity; a REG receptor ligand such as REG protein; a Growth hormone
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20 ol i gonucl eotide directed nutagenesis to produce FACA NT anal ogues

t hereof, such as the human reconbi nant anal ogues. Further, an identity or
| ocat i oWODI0040F14F nore than one anm no acid residue neYE/UR2005833§%d by
targeted nutagenesis. The primary am no acid sequence of the protein may
be augnented by conjugates, as by glycosylation, acylation, or by addition

of an{Ibupeaptardigened seaktabll, adrdedin@RIgueterins ligaed gichms PBLoAndplpggstad a 25

h / _ iondi v : : i d
't el BT, 98 B AL Hron e oy ki 1otne Dbl YR R ERAS TSt cues
der i \uatl 1G&L2; @R Erfiheogofétid (NPOYaycebtor ¢igaad esth ds@Pgbt ai n any fragnments whi ch
retaip activity. An agopist, a@?rodrug or a netagbolite of a _FACANT is

equi VARV W% driRgtor eustrAQ02ugme: 3 Betaerdiviin delsesonsidstes ta bs@ any
f S _ . ;
| ot U RO T b AFRYPAIECorRARIGaAT sl R ar s,

pr ot endathelial provwthniattor &VIE@R) reesptbt ligandnaeh e VEEH; udons plokghioggnesis a pri mary

transcri om prof.eolytic cleavage or from other post- nsl ati onal

o e L) ReRon g e ﬁ%{fﬂ-@m VARSI S, REP Sk FRIPY on,

gl yc . . i : ) : . £ or
IpUh@ b hs b, h3hicals @ﬁ@otﬂﬁ?dgggﬁhh% o BHOPES s SOy

exanpl e, a conposition conprisin 13 \}\D 03/ 033595
t he PAGEH NTpidwtary edenylatacyodase mativatmg|pplpeptide (AL AB) seoentocligandisgcings a

I ne | ycol lety. The term nconpasses, derivatj obt ai ned
09 ¥ AR B arafle iR oS i A B R S e PR B BrG¥ S o -
pept iggghuldde-iasiopRege dord! SihAdtirdfacide YGBL-COR) re@8it6f ligdnd/siBh hogMy am de

formation. Further, agents that induce synthesis of the FACGANT or 5 mmc
t he &e¥i:onplatelatideripabaonth factor (BREETecertad ligandspichwa PRI ahpSemedn The
si ng f " A&ﬁ -, My mean any one or nore conpounds fromthe
exeng%%%gor&%@ﬁé S égl\g/:t/r%ﬂ'herei n. In several uses of the termherein, the
t er m FACGHYF ahg of fleqirbwibdfaciots, teryins] erdgnainhibi@brs| papeide,airoleirgant, as is

d lain in th t . Ho GE t | h 10 EGF d
o HP ot BeovS B LHE FRE AT e oy SPGBV O kg aBet 1 e
condiahhRBRos2 S ahlh AL, PURARE AErdT R ERRE riiRb bttt orand are

i ncl uded as” conponents in other enbodi neénts of conposifions, nethods and
ki t s desigaéhandCemtleisined shsdidienonsidersfl etjuiNalint tortharBpyGBYFp Allsi eugsidered

adm ni stration Oﬁ» an EGF receptor i anddn [ g‘oi ﬁion with a % trin/ CCK
" ecedEEPE A AleRts AT conientcrs Ly CorRosiTolty dstiepd oY pidtiogn Pt el of gt
5, 88%h&bfal broapadd B&Burddbkrcof. ehat RMEL Serleb alayde aleteddsefdrRes@pRgents in

certain conbi nations and fornulations as shown herein. The terra1

2 an OHiggRycdeqiids giisried mutagepesipio prpducs It CINT ggelagyss thergef, sycdy asttheyr ecur sor
cel | yu@8n NI ?ﬁ]ﬁﬁ | lLating into a
pancrh eat | t:}é et%ﬁ%lglag%lb@éegl , \M%F (ﬁz'ﬁﬁdﬁ%gwo?ﬁgg@ﬁh%tf% %giélntoﬁereﬁc Igrﬂ%lct eristic
of aastieorede¢siduranay be thaagebby targettdmdthgenpuio ditweprithaglatminmaad unlim ted

manner. "Beta,cell neogenesis" or "islet neogenesis" .aNns .
sequence ofa the protei?l m ebc augmented by con?ugates, gseby gslycosyig%on, acylation, or

by addition of any other supplementary molecules, such as one or more of a lipid, a

25  phosphate, and/or an acetyl group. Further, individual amino acid residues in the chain may
be modified by oxidation, reduction, or other derivatization. The FACGINT may be cleaved
to obtain any fragments which retain activity. An agonist, a prodrug or a metabolite of a
FACGINT is equivalent to that FACGINT. The whole polypeptide or protein or any
fragment can be fused with any other peptide or protein such as immunoglobulins and other

30  cytokines. Variants of FACGINTS that are proteinaceous in nature can result from alternative
splicing of a primary transcript, from proteolytic cleavage or from other post-translational
modifications including dimerization, polymerization, phosphorylation, glycosylation,

sulfation and deamidation. Conjugates may include, for example, a composition comprising
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formati on of new beta cells by differentiation, which may or may not have
the characteristic of a stemcell that is the ability to reproduce itself
i n an uWaderfivanner. To secrete insulin in a "gl ucBERUSHOPOIBSI "

manner nmeans to secrete insulin according to the glucose concentration in

the blood. In a physiologically norma) mapmal, beta, cel lﬂé}'@gﬂt he islets of
25 LHedAGERNT seupled & # AR SPYSHEROLERE SOMRASIng; &P P, i.e., are
i ndu t r ' (O : ¥&lrvindoh&cept or
a0l o A o e B Ry ino

pol y peplbtcanipoastidretidatost the payhigeptide, thhainsiascebyallyplatos, apylatiomdsten t he

bept Riine oF boise Toomeey ouher speng e tiduge sEe iR M EREA  ani 11 1y to
bi ndfi; o 28654 ¥PS ﬁAhﬁ}Mﬁ@tceﬁteﬁ{pﬁtQ&aga&?ﬂ%ém eshpoh@isnthoahyaept | de

factor. For any of the growth factors or cytiokines described herein, an
equi Yate fFACGINGShsiagtenaad anp ent bamorescaypgpnds fioat thy exeraplarycBACCOANAR no aci d
sequence, . for exanple, shares 50% sequence identity, shares 60% sequence

i denfROWH DR es 709 sequence identity, or 14 N,. WD 2004/ 037195

PCT/ US2003) Q3329 dsesStrah& s Qe Ghe e FAEGINTYs Wetified ndbiclinelublyapccurri ng
peptide or protein as described herein. In other enbodi nents, the agoni st

conp &&ift iecepioégasidnas in svadd plaiminaifie spatext. ddewevey ECGpeaeptosfigands gich as

Vi si-gne be sub o hat,: Qi . bRl Lded to a
S8, BB 58 s SR MRS Hp b DRA At ST o ¢
t hat 3@ eRithérefre duaaplaly INCGRETan deinedtetdin, apd@aninoluded ssemmpdrentsananpl e,
a prolactin rel ease peptide stinulates_ th secr.eti,on %f pr ol a(;:fti A
r ec e pthst embgdiments @ coawesifipasmethods aé‘éckb‘é%ﬁlfm%- héer&eéxp Frppigenis elé\igt or

agoni ﬁﬁﬁ@ : el AWinatVieliags or not the
agon#%%aﬁyfs&rmsérgﬁg ura [39% ?érfggﬂgy?gq%i%%é,&%{ﬁmme eiltnvent i %n I n-one
enmbogdhsmmMCEE cadeges ligambhdvodeémdescribed preyicaisly@L$ patenimintesn’ 881.856uch as

di abet Ilitus, by adm njstering a conposition conpri.sin oth a
Gaot rndpalion b e s Patotusg e SRPRT ki SRR ) e 1, PR
or GehrWidinadtas B8 hedelnm t ed by any particul ar mechani sm the gastrin/ CCK
receptor |ligand and the FACA NT are provided in an_anmpunt of each

suf fi ci entThederat.fpatcresticiaspgenitpaesldprobeigsal peegentior” r eI PERCUIEBr  cel | s

to mature | LI h-sec | I ; . ) gast ri n/ CCK
receﬁf’1 rasllggﬁ?{aﬁfgrﬂ%iar# 1-? %%%S%%S@%bﬁ‘%ﬁf@gfﬁkﬁé%ﬁ ﬁ%ﬁ%&%ﬁ‘éﬁ?ﬁm ly or

| ocalekly, wifich efagairinvsi not haveethe chathoktistif oft sheterB ACIBEIT istine abitiey wast rin/ CCK
receptor |igand.can be expressed, in situ, by cells. that have,been provi ded
APt n reproeedioelt it B up LA ¢ ¢ Bt el HenetheRReat ik Bioettr FEss et on
cons tféfﬁ‘ﬁiﬁoh%gh{%ﬁr' e¥a &elS *bg%@erénﬁtﬁ!a[ %ﬁ%ﬁtxﬁéw?g%ﬁ hétehaRE GRLhsltesREE NY

sequence, a al so a coding sequence for d& FACA NT. 20 Administration of a
gast 1of ns@eKcelbthapisdhe 2hiljrid remddwns iBCH in ae vplivited ngawss. dgrpecrete insulin

in a “glucose-responsive” manner means to secrete insulin according to the glucose

concentration in the blood. In a physiologically normal mammal, beta cells of the islets of
25  ILangerhans secrete insulin as blood glucose level is elevated, i.e., are induced to secrete
insulin in response to blood glucose level.

A receptor “agonist” is any composition without limitation, for example, a
polypeptide growth factor or cytokine that is endogenously found in the mammal, or a variant
or portion thereof, or an analog, or any peptidomimetic or low molecular weight drug, that

30 has the capability to bind to and activate the receptor of the endogenously found polypeptide
factor. For any of the growth factors or cytokines described herein, an equivalent is
considered one that is substantially identical in amino acid sequence, for example, shares

50% sequence identity, shares 60% sequence identity, shares 70% sequence identity, or
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achi eve prolonged efficacy of islet cell neogenesis, such that a
therapeutic benefit is retained |long after cessation of treatnent. See PCT
appl i caMoWOPGIIYS02/ 00685 (WO 02/ 055152), published BRGT/UEP3QEPFOE The
duration of the therapeutic benefit is greater than the duration of the
protocol for admnistration of the conposition. 25 Regeneratlve

di f f elxaser 3030 seitepee Kisaiityumith ﬁpm%toéﬁmﬁ‘&rﬂ?f’@% picprgtedn a3 deserived i nto mature

'“SUI(%%{SQ &G ol Wkl ém s%é)%%“% ﬁoﬁﬂeraﬁ%m&dm siddugiag and

met h trea | tus, particular J uveni | e onset

di abeg@ﬁ,,wmaﬂ atw%vﬁlﬁd?]md&uﬂab@ulmmicd as‘?m’r awhenrgvcm totai(:jnamnwjrmbprmmdadrto@f factors
o1 t ORI SFESHIOISR FAAAIE G BRFIP Gh ioroReik S BBP B (P St PATER| acement

t hat yeld g na t ) Ité”glth@.tlon of R
cgl I f(lggener%??g% &g@yﬁ %E@e%ér%& s?ud??gﬁgﬁg{g%ga edf) %ﬁgg? §témRtace has

lim B@detiomaﬁqxrolaytnﬂ oA ree@dmd@nd owjudes Withdn ﬁl@esnopemfrtbaéﬁirgtlgnamepmd t hat
bopuPETYrtor Hcrereete? g <oy peietiar EARCURTARUCRR SEOH 4€fadibio004) 037 10

popu ane 4 7195
PCT/ US2Q03119 33384 to REOFAEemati on of existing (3 cells ((3 cell

repl I cat1on During pregnancy, prolactin, growh hornmone (Holstad, M et

J. Efftiedmvemtibn in 68e @gbomt pravideph meghndsfor Ira@mg:bebe(tlmucen@eﬁns J.H.,

ﬁél I §u(?3oasldﬁ%ﬁ%ee§s%wel?@s7b§eq lﬂlﬁw 19%0\/\5’3’83% hIBISJJ‘)!ylg‘%gnraﬂldEl %ag’ss o @%gf I gB

depeRgkspRR lis Y, el ighdrin Cnd@c A CEINT] ¢1wl @LPAn PRAS dﬂEHpaWithxrut Ibemg t he
expanded 0 cell mass decreases _to non-gregnant | evel s, se to the

decr dmitediby W@a&&lﬂ?ﬁ' TapriaRiF e B8 12AF b gesertardigand, e%%ls JﬁA&
(Log m&eﬁgﬁﬂh%?n uét 0 éa%ﬁ%)}fﬂ n'f'ﬁp&?é%g i p%xg%%ﬁlgkgﬁifcréaﬁ&sﬂ élﬁhor Soc.

Washi'ngt on apt er romth ysi ol ogi cal
i nf oeﬂﬁmmmnsm$MgasbecanhmfehmFA@Gmg a(r@thegasﬁj;ﬂcﬁéfgmqepmtl on in

response, to. adm ni st.ratio rin re i ther _an EGF
rlécegt e Iratsaﬁefna?ﬁs%ﬁ@zfﬁxﬂireesgaﬁ%ﬂ[ hafermife Eg%fﬁﬂaﬁéhg @Q%Iﬁveﬁagse &

per sipsth §f3he BACO Iui&)@a@ teadth i (K t&Eploh SgHeP &M BedxpRissdd MITHAFHR calist h
grovvth factors. Use of a sustained release fornmul ation, in conbination

Wi t hthatbave been. prmdpd) withiagricleid acid S1sia eIRGUVCIAR 2B GEPRESHAE VetormIne

SUppI’ESSI on | cal

et ¢ Figon Spp iR bREAN GBI plpRERbtiorHEE BHE Mol bR st BEL T (1 e
as amsbracdoaﬁfgeseqﬂeﬂmtfbr@EAmerrber and cel | rrass resul ti ng |n an i ncrease
in plasma insulin levels o ncreatic_insulin ent d efficacy
2B {1 eat meEMBISURHER of  g2tEnK CReSrRT BEtbHK 2510 KFC’?P“’Aﬁ S mrent of

L he B@ﬁ%h&g@&%mc BPIéle%ﬁuh cqved S8 &aﬂéﬂeﬁﬁaeaﬁc BARROR klapRg for use

mnlste ed wt astrin/ CCK | to treat
long after cessation of treatment. See PCT application PCT/U 802/00685 (WO 02/055152),

published 18 July 2002. The duration of the therapeutic benefit is greater than the duration of

the protocol for administration of the composition.

25 Regenerative differentiation of residual pluripotent pancreatic ductal cells into mature
insulin-secreting cells is obtained with the provided compositions and methods for treatment
of diabetes mellitus, pa:rticdlarly juvenile onset diabetes, and by therapeutic administration of
this combination of factors or compositions which are provided for systemic administration,
or for in situ expression within the pancreas.

30  An approach to B cell replacement that eliminates a requirement for cell transplantation is
stimulation of B cell regeneration. Although early studies suggested that a B cell has limited
capacity for regeneration, it has been increasingly realized that the insulin secreting § cells of

the pancreas comprise a dynamic cell population. The mass of B cells can expand through
15




di abetes. The present invention in one enbodi ment provides a conbination of
gastrin with a FACA NT to achieve greater efficacy, potency, and utility
t han acWioepedo3fidi®sh a conponent al one, resulting in anPCTHPRWOEB3tIer apeut i
ratio for the conbination. Treatnent with a conbination of gastrin and a
FACA Nngave a reduction _in blood glucose that was greater 25 than observed
af t erPler eegtine of cxisting B cebntfosrtliepligaap). [Awing WeLraWdPBAtnLBHVEod gl ucose

ﬁ\ﬁenﬁ{jolfztg 1 M. dQ[Le r9nﬁ;?¢9;cﬁ%f 965.344 354)g§ﬁ(§gﬁgerﬁélq9c&%%%_éﬂg@%phr ase,

e€in can al So nedan at

| eastJ Jong FEACADT Med 19:62366; 2599 stitntdietHe gryifeetition(of pEels o mohasgp | nproved
gl ucose tol erance and increased O cell mass in a partial pancreatectony

m)de |celhimaiss. nilpweutathds @spa@si@ﬂ mass aftcells depeﬂé@ﬂlop@ﬁm hegmopalo- 2276, 1999) .

“Camodighn A oA Y an LS ARGRR ot SRyt LI IRCT,

her e rés?roﬁ& t%'ih@&&ﬁ@is@fiﬂpf e %&&aﬁﬁ@ﬂo@éﬁ( ggam@dpanﬁ)sspppr esses

appetl and enhances the cl earance of g ucose ny reduci ng insulin

resi iLegmbetoymﬁos;dew’?%ndﬁaI@bnolbef Rly/sicdognt 20005871 18% ., FEshusgon3/ 033595

i nde nt.. of ation. Thus the finding that plasnma insulin
IeveI F(éthno’(ﬂe((ﬁ]ape&s b (%"}nlz:@ in an Exendin treated group, suggests that

the obser \ﬁ&nltmr@%?@l@xéﬂ ﬁﬁsmaa@ﬂoﬁr ortéﬁﬁaﬁf@@&t i evalastidg Ptel( 3 cel |

stinmulation. Furthernore, evaluation of the fect of Exendin on cell

glowtrtecnsrationyi fespoess th pdmirdstrsiion 06 aestio agconisa dizand andl either as BG¥at was used
in these 5 stu ion re fromthe su |caI abl ation of
the pSfBiELigan %%EA%HE?S‘%%? 5?“5?‘%%5ﬁ3pa fopass G%Perﬁé{ off islets such
as g%ﬁ,}nﬁﬁ@naﬂﬁeﬁ%ame%k@hoﬁﬁfu&ﬁﬁ@ﬁﬁ@ﬂﬁyﬁm&h&me Usslofh shgigae@r at i on.
.I'ndeed, enhanced O cell regeneration has been reported after

pﬁnc rrelaw&pnmla’amna combiniipn withithe BN, T. gogpesisien with oy withayt2g, agenigfor |
S A 0 t
boon il spitrr Moy b ARk Bedtsn s Rt iSR it S medeal Bpubig orBoe” DOS1Y

-tllae &bﬁ@ﬂi&ﬁc@i‘bnl hese pancreatectony-induced growh factors. The term
"di abetes” as used herein_neans any nanifested s rrptoms of diabetes in any
manmal i néﬂh@meﬁge@sw@fl%@%as mgasregl asr?ﬁd%?fﬁasedﬁ@c’%ll dRHhgT L'forms such

as t pre-di abetic
cond ‘%S reS &{erﬁngegg%ﬁq%éﬁﬁlflgﬁﬁ I)dg‘é%% ggg%‘%&%%ghﬁ%%m%? mﬂii'dl y el evated
bl ood’w]bngs&&ﬁbmhﬂxea&arﬁmédﬁubeihem cdetradibtiicome of d&ETr i bes a mamal
suspect ed of vi.ng a diabetic .or related,conditi npl e, not
formal |y d‘}%ﬁﬁqg%‘i‘ﬁleﬁ Pﬂthalpéﬁé?tégvmﬁﬁp P&%‘Hﬁ??s‘ﬁ%?‘f%gmﬁt{l%@‘rﬁ??om in terns of
| 73S u'c'oﬂlg@&hoﬂé foQI%@ of £¥RAIGGIRNtaBMALRRED RithlaekRiteRaIRAd & tréat! €l at ed

condition due to famly history, genetic predisposition, or obesity in the
case digbetogpdht prefenbieyensiongn ohaempedivicotiptoyidead combiatipa pégassin withed at ed

condi IPtA&EH\?f 90 bhidVe érge(;'tter éf%cerwly,sgotgﬂcy{ Gt ﬁletr}ccﬁan achieved with a component

alone, resulting in an improved therapeutic ratio for the combination. Treatment with a

combination of gastrin and a FACGINT gave a reduction in blood glucose that was greater

25  than observed after treatment with a component alone, and the reduction in blood glucose
was sustained for a prolonged period after ceasing treatment. The phrase, “a FACGINT” as
used herein can also mean “one or more FACGINTS” or “at least one FACGINT™.

The B cell stimulant Exendin (a GLP-1 analog) improved glucose tolerance and

increased P cell mass in a partial pancreatectomy model with mild diabetes (Xu, G. et al,,

30  Diabetes 48:2270-2276, 1999). However, a causal relationship between the improved
glucose tolerance and f cell regeneration was not conclusively established. GLP-1, as shown
here to be an exemplary FACGINT, when administered alone suppresses appetite and

enhances the clearance of glucose by reducing insulin resistance, a process which can be
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As used herein, the term"gastrin/CCK receptor |igand" enconpasses any
conpound that binds to, interacts with or stinulates the gastrin/CCK
recept owO BRamliess of such gastrin/ CCK receptor |iganeiSI/H8®0333895 in U. S.
patent 6,288,301 issued Sept. 11, 2001, and include various forns of
gastrin, such as gastrin 34 (Tbig gast[igr;%], giastri,n 17 (little gastrin), 25
and gadencnseng of ficsll sgamiation) Thya hedindinefhaEPlaime Hpkie leyelswiess lowendwtas ook

o8, 3 i , I S5 tor

| i gan .3%1 R a&e%’nqeé%%%‘,ue gasérr8 Pﬁ% Wﬁ%ﬁ%&%@?ﬁﬂ%@?&@ 4 Cé’?e%%%% term nal
am nowachdd asemteT@ecell finNBhtiAS Furflben@s] daluafios of dendfRepoEl.egddimrer @cti ve
anal ogs, fragnments_ and other nodifications of the above, including both

pept i ¢ srenithis aopelieatek by themanersaigetomarmedal of dinbeiss thapvas nreddadiese n/ CCK 30
. . 7 i } 1):
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Pr epadxekstivn BERioVAR fackdiR R Sbton iBRE: suvh b gdsttn RRPTGHES whidh tyonmrer ci al |y
avai |l abl e. Synthetic human gastrin 17 such as hunman gastrin 17 having

met hi theinsavesrstibalaie idetatgqpesitiono indesd, &nbanded § eollaepedskationhesrbach WO

2004/ 03719 CT/ US2003/ 033595 __Bachem Al ubenpdarf 1 3.z.e nd, and from
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f r agnemisia M detOll N DiaBmRel 49:531-5 0913 999). TRy APBNECndtidRAGEly Whbh Clear it exanpl e
share am no acid sequence with an endogenous manmalian gastrin, for
etvanpExendinsdoaldstzlasenbanecd 5 alnegengration ity 9% dbdeneeiof thesor 80% i denti ty.
Such ligands al so.,include 5.c ounds that increase the secretion of
endod& gte&tgg}yﬁnﬂl}ceglﬁp @P%’E%?ni ns or simlarly active peptides from
sites of tT1eSHENSUMRES” aFNaIteRin HeahdBSEmaAkiEestdlsyliptdhs 6f dighRasSinng

pepti de, oneprazole which inhibits gastric acid secretion, and soya bean

t r ypsaty marhmbl ipeludingraxphrimgsiebadwel wogelsanghinelviivg humaa fomsiigah ﬁ%)%/}’Pﬁr eating

di ab [ LN indi yi |, i r ol .

i ry SR AR eSSl oo S S, oldh SRR B Eb AR achty

gast rinldig@creaed phulin drirgiddig ehveked blodQ@NEbse Wricho W “freidiabetic tdddidoddy any
particul ar mechani sm the astrinl, receptor |igand and the FACGA NT are
pr ovi desrien o dRATREARTHPSs L havpieat dighatic Qi IpiS AP NOR T BIkRlRIbat i ¢ i ol ot

PT CULARAIF B hbiosb® Wil dEterds 5t deRioR 8F4 g 4 \YnsiSibloSin 1T RS dr§tsilin bf €at i ng” or
“amel 1 orat’i ng” as used herein neans reducing or elimnating 15 one or nore
sy npt gnensoteval, did besceptibiity hediabeterrovietidetl ¢nndation dusrto fareBy histpryli abet es
conprises administerin i t.hout bei | iym.t.ed b he _speci.fic, mechanism a
i 1§ eiBRs SETSRO ) of Bped e M aalor Spe B e e b TP BB BEL ot or 1 gand
ad  adifAEEsloNE refaedaoltiBidating is sEbfFado rigkofStéuitdnate i sl et neogenesis to

i ncrease the nunber of functiona | ucose responsive insulin secreting (3

cel I's in theussdherendhe e gestin@Gls resppos tigyed fecompases €Y RSALr al 1y,

i ncl ugi [ (P ' i j ' of gastrin
ona B iadofBiiateris LRl GhERE ERIPCCK Maep B BERIILIGAER P
neogerstiniCCEspmpte lipaads are given in U.S, patent 6,288,301 issued Sept. 11, 2001, and

include various forms of gastrin, such as gastrin 34 (big gastrin), gastrin 17 (little gastrin),

25  and gastrin 8 {mini gastrin); various forms of cholecystokinin such as CCK 58, CCK 33,
CCK 22, CCK 12 and CCK 8; and other gastrin/CCK receptor ligands. In general,
gastrin/CCK receptor ligands share a carboxy terminal amino acid sequence Trp-Met-Asp-
Phe-amide. Also contemplated are active analogs, fragments and other modifications of the
above, including both peptide and non-peptide agonists or partial agoniéts of the gastrin/CCK

30  receptor such as A71378 (Lin et al., Am. J. Physiol. 258 (4 Pt 1): G648, 1990).

Small forms of gastrin such as gastrin 17 are economically prepared by peptide
synthesis, and synthetic peptides are commercially available. Synthetic human gastrin 17

such as human gastrin 17 having methionine or leucine at position 15 are also available from
17




t hat observed wth the individual conponents. An exenplary gastrin/ CCK
receptor ligand is gastrin, and exenplary FACA NTs are G.P-1, PRL and GCH.
Anot her wentso¢ip3mast of the invention herein is a net hodPCDERRI0SDIBFII r eat i ng
25 expl anted pancreatic tissue of a mammal with a gastrin/ CCK receptor

i gand and FACG NT ex vivo, and introducing the treated pancreatic tissue
t o t Rachems@, Bulgpadort] $witrirkmdparddiom P@ﬁﬂ@d‘&:ﬁlﬁﬂ 4o ttgd@ﬂﬁ recenRr kgradpt or

2ot REIUER a0 FbenEPs SRR S POV GBECROR Ph i Pore Jaliy Wik

I ecefbPéxandfle ki@ Rdindt dcii ek witth ga &mdg@ﬁb‘ﬁmmnahﬂggm ifeh ax@mleghi meri ¢
insulin pronoter-gastrin fusion gene to pancreatic cells and expreSS|ng

t he @baa@ 60Vmsqq@@n@rid@rwéy, @r?i@&/mdm’my; on80%adensidy. oS udidamniralse inelndst i on i s

pL ovi d essin Iy
i At r S8 88n€3n¥ Cregﬁrsrté'? ec? ore a g%‘oﬁga%ﬁ@%é%%%}é?yggﬁgmlﬁ_%%ﬁlﬁf 18 WO
2004/&37&?@&363 frbin20108 bOBARE Storspea HXatpldslof tHese Rid the lpadthic rlémsingast r i n/ CCK

receptor. _ligand gene can simlarly be provided trangenical] gr eferably a
hunaPeptiep mawsqulw@ébmla@tﬁﬁ%mw segEsHion AN AR E%Umﬂgﬂﬁha Ent number

5, 883, Zfés%ﬁé he term mammal shall include without limtation
any merrglgrs quhﬁ}amm la, such as a human, an ape, a rodent such as a
nouse or rHie methdd) for teeating diabetes ag:mtumirt anmﬂivjlddahj:nmeted rhereofiinelhdesr a
proteln a. shee hor s suc illa or a
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but are not [imted to, transder mal rat hecal , intranuscul ar,
intr aaamtafaﬁabqeptmthganém&e M@Gﬂﬂﬁmgwde@am étms sufficienbitoatiect rout es.

The cpppounds be adm ni st ered nveni.e Lout e for exanple, by
ot usTERRE R e pene Rt Breglr St R PR PN Rkl s or
nMucocut anephstetrh Mré@igl Or Yamelicthihg THsGREBhertRGhedns wagiﬂgedr elindpaing and

i ntestinal nucosa, etc.), and may he adnlnlstered qﬁ{her Wi th ot her

BSol Ggecamaye aﬂﬂpt@@sa)éérdﬂ@et%n %W@ﬁiﬁ’ldé’r“}"l@%fh’{wée’@f OlaH gstisbetsson is 15
syst isCOL R AR g ot Yl PeLiietneck ol Mirerfifilig L1 " as
used herern neans any’ po ypept| res substantial sequence

si m |ragéreyative lamoant cﬁtdmlgelgansnm‘taepmr ;‘hga:hchmtd nF ACQINTS td &dmabétss known in
the art rotein factors, for .exa ol.act and whi ch
posség‘é@fsm‘i ﬁ‘gStéfBFlla 1 t’@)efc’gﬁnesbsrt(?llﬂ‘ér?gﬁ% tﬁ%ﬂ rﬂfﬂiﬂ ]lngriB?‘ BFactin is a 199
am nqegfohghve %ﬁﬁﬁ Rédreten s e@iﬁ%gg@ym{c%s Z@h@hrem&d% )éﬁgét?d?:cfor dasetber m

enconpasses prol actin anal ogs which are deletions, insertions, or
s0bs tgeheallprincludimgtBypefl oepdegdndiabetss olclgus. rThewwmbisaiomofigasirmonilyi t y, and

e HESGRT ARl Buis it & TeRindat SRESARnPOf md M b3S FponfibVeR "' 2N S
that observed with the individual components. An exemplary gastrin/CCK receptor ligand is
| gastrin, and exemplary FACGINTSs are GLP-1, PRL and GH.
Another embodiment of the invention herein is a method comprising treating
25  explanied pancreatic tissue of a mammal with a gastrin/CCK receptor ligand and FACGINT
ex vivo, and introducing the treated pancreatic tissue to the mammal. Again in this method,
an exemplary gastrin/CCK receptor ligand is gastrin, and exemplary FACGINTSs are GLP-1,
PRL and GH.
In another embodiment, the invention provides a method for gastrin/CCK receptor
30  ligand stimulation, the method comprising providing a chimeric insulin promoter-gastrin
fusion gene to pancreatic cells and expressing the gene. In yet another embodiment, a

method of FACGINT stimulation is provided, comprising expressing a FACGINT gene that

was trangenically introduced into a mammal, for example, a gene encoding a FACGINT, for
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conposition having agonist activity for the prolactin receptor, as
disclosed in U S. patent nunber 6,333,031 (activating am no acid sequence)
and 6, 4W® HP037eR al conpl exed 25 receptor |igand agonPET/US2008033812 0RNhCH,
whi ch is an anal og of human growth hornone that acts as a prolactin

agoni st (Mode et al., 1966, Endocrinol. 137(2): 447-454), and_a ligand for
the premps,GLE-&RIRk o ChE Beeseastriue Cnregeior bzand gee smswlfdy b&nd

o of 10 Ve SRl A8 ARt § BB Bl e NG RDRGEl s clb o RHTRD |
of palgpppkhtieuhiss SI886HSEhat share a 30 structural, immunol ogi cal and

bi ol ogi cal functions (reV| ewed in, "Pancreatic th h and R tion
Ed. N Sar4eisiddiercipthe term magumal shell ingludg withoug Gyitatign gny e Bgr%tr ﬁ%ferred
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i N e S
synt hegéthedwith othet beldghallyentocagents. ceh EsemplaryobeeuwfadnfasraicaliP- 1 (havi ng

resi dues gonventio aIIy esignated as positions 7-36) which is an am de,
dnd SNSRI R %b@I?chl“(ﬁPm?‘?‘? IGGHeN; 51 studies of GLP-1 bi ol ogi cal

activity iphdhelhi Zpﬁ'ﬁa&ﬂ? dsWlskd hﬁ@ﬁﬁeﬁstaﬁﬁﬁo%EFﬁd@ﬁMEthﬁﬁ SibsfotibdP- 1

(1-37 and 1-36 which latter is an am ar ger P-1 nol ecul es were
genersahignce sorilargy it @gﬂndagems mmmyahmprgbcmgs ihsﬂf@nnﬁ%knm nethe pénoVval

f the f t I h aP-1
ﬁol ecti 5I%§\ﬁas% ™ 3(%] %‘ﬁ‘?fa RJ/“ eﬁﬁ %ceda%c}%}iggl E?tﬁ Sse\é’t %ﬁ:ﬁf&l@?ﬁtg ﬁm ority of
Ci r cylralacti@ Bhadgegbethunyaramblacen @ £199 amirocieitpilipdphide phddutéd by &) am de

form w.th Ie er amounts of the b| oactive AP-1(7- 7) form al so
F8t edtiapien clapé Thy by encampaspesgrolaciy a%%%wlilgbar Letipns, inagtions, Op

pept 's%%;ﬂ?ﬂ&ﬂ"nﬁ?é&%g ofl ﬁo A, Bda fthif iR R4 'mﬁ‘iﬂ&ﬁ&é&ﬁyrol%t?ns

secreted Trom gut ne cells ih response to nutri ent gestion and
pl ay stromloiheplspediesl apg namraﬂat adzoting vermets ﬂ&elpsolhdﬁli Dnkctign ingtudes at

et | BEPIB o B ARP T Aedht BRI ReoRitl 5 U et A0S Bothe
posi tm@ﬁbe% 63331030 §adtRatiAY SmirfoPdci@EbqRNRdeY hRIV6,413,952 (metal complexed
25  receptor ligand agonist), and G120RhGH, which is an analog of human growth hormone that

acts as a prolactin agonist (Mode et al., 1966, Endocrinol. 137(2): 447-454), and a ligand for

the prolactin receptor as described in U.S. patents 5,506,107 and 5,837,460. Also included

are prolactin-related protein, S179D, human prolactin and placental lactogens.
PRL, GH and PL are members of a family of polypeptide hormones that share a
30 structural, immunological and biological funciions (reviewed in, “Pancreatic Growth and
Regeneration”, Ed. N. Sarvetnick, Ch. 1. Brejie, T. et al., 1997), and therefore referred to
herein as the PRL/GH/PL family. PRL and GH are secreted by the anterjor pituitary of

vericbrate animals. PRL is involved in a broad range of biological functions that include
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see DPP-1V. The biological activities of GP-1 include stinulation of

gl ucose-dependent 25 insulin secretion and insulin biosynthesis, inhibition
of gl ucegowosesnest i on and gastric enptying, and inhi bP€T/oR2008/0336%d | nt ake.
GLP-1 appears to have a nunber of additional effects in the G tract and
central nervous system as reviewed in Drucker Endocr i n 14 521- 527,
2001 osiEgeegplatiop, z@pmdmcmrtf@monomi IHRRRARD U@WFIB:ﬁﬂ”P pseqqiated Bl og
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to al bumin |ch protects it from degradati on by DPP-1V and reduces renal
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Care 04 end l. o] n a
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honoleegy innblRcibProkiné GID- 8 halng debidhbd\ednvensomnby dedifndtengs mtticmg Tead)ent
agoni st of the glucagon-like peptide 1 (G.P-1) receptaor, as. it .is resistant

to gdyehisam asidpyandppd similalyes R4 (3 D- sturies of P hpiolegiealp. | | and
, I t

| S0uLak s, STAILS TR A0, LAgHA BBSISLENLraned anvake Sodshpcason
knowtaigs iR a8dle). AThd langer (H}Pemaﬁolet&ﬂdsA&re@awg]&y:tachﬁgﬂawlnglpa]a@ﬂmltf bdi fi ed
exendi n-4 havi n addi ti fslx | ysi.ne r%nrl d ea 15 A enti s/ Ze and

e i 5 PR (B PYAD O e b MRS in FSOTIEARIN
Phys'(ﬁiﬁﬂ'ﬁt@iecﬁfe‘ﬁ'\rﬁ% suBShaBhs eﬁlﬁﬁt’iceﬁ%%l@gﬂaﬂ%cﬁiﬁ@i ession of exend| n 4 in

transgeni c mammal s oes not perturb glucose honeostasis, cell mass or food

i nt ake (Bl"ﬁgﬂgnqonty ofatircalating bRilegicaihyeantive TH:P-Biufppnd imthe GIROG:, so t hat

t he cal effects of e r od. 20
Di peg’ltg Sho. v lesset s PO it 2B 463%%%8"5%% Re O hibi ¢
act i \(rksNov, @‘ PR -Dhidbetés 1IBADERBI5E390 Bath pepiip shelaabowfthe Geanomtadi ds
that includes in its substrates GP-1, GP-2 and G P. DPP-IV-nedi at ed

|2ﬁ acthnvﬂagscalrfu@wm FShP11gs secaete ipmhaendegring ool myespanss {1 FYUER vi vo:
' et hsiBrption.
vaI | n pu1 ?{1 SRP 51 gyﬂuwgﬁ%%éﬁ %}ﬂgd\;%ﬁdﬁé& %nti;@t% g1 g:i)%lﬁt) , LAFIZDS 7011
( Nov &Rdgutrkion BT ZIIB1 occurs by N-terminal degradation of the peptide by Dipeptidyl
Peptidase (DPP-IV) -mediated cleavage at the position 2 alanine residue. For an overview,

see DPP-IV. The biological activities of GLP-1 include stimulation of glucose-dependent

25  insulin secretion and insulin biosynthesis, inhibition of glucagon secretion and gastric
emptying, and inhibition of food intake. GLP-1 appears to have a number of additional
effects in the GI tract and central nervous system, as reviewed in Drucker, D., Endocrin 142:
521-527,2001. Exemplary GLP-1 compositions include: BIM 51077 (GLP-1 analog
resistant to DPP-IV digestion, available from Beaufour Ipsen); AC2592 (GLP-1, from

30  Amylin, San Diego CA); ThGLP-1 (GLP-1, modified amino acids and fatty acid attachment,
from Theratechnologies, Saint-Laurent, Quebec, Canada); CJC-1131 also known as
DAC™:GLP-1 (GLP-1 analog engineered for covalent coupling to albumin, Conjuchem,
Montreal, Quebec, Canada), L'Y315902 and sustained release LY315902 (DDP-1V resistant
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25 (Probiodrug AG Halle, Germany), and P93/01 (Probiodrug). As used
herein, the term "EG- receptor |igand" enconpasses conpounds that

st i nmul aV® 0REOEES recept or such that when gastrin/ CCK FERVERRBHE33F t he sane
or adjacent tissue or in the sane individual are also stimulated,

neogene5| s of inhsulli lElérodum ng .. pancreatic islet cells | s i ndLLced
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active a er eof r-exanples o receptor gands are TGFa
for ns[,miyuudelaiml kmbmﬂasdﬁNZZl—lﬂonglaeﬁng Glahd darmdtﬂve&bmtlm obtaindd ppx Vi r us

h E h d h
e ey BT DL A o O BB S e G P B AT U SO0 PO o
PGT/ yS2afRa4id ﬁ&%xo&éc%?ﬁ@m d@%‘éﬁﬁhbﬁ‘ 5} ve-ALhhy Fedﬁ&ﬁlré’&ﬁ clefifaﬁgére nts and

nmodi f1cation he above. See also,” Carpenter and Wahl, Ster 4, in
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The klp of conpounds conprises the EG- receptor |igands further includes
ied EGF", which includes variants of normal or wild type EG-.

lVbdl fi cat I]%ﬁdhﬁ&%n Ramplesdtanexbadiaf i aGloveleptiic MOhEHEoféA0] Sobectihi Vi ty
such as the rate of clearance of EGF. The term includes peptides having an
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have degta@esion BN DDMIV S Bkerglitiichag pebpaetids sirhil@so Gm-lmﬂmagﬂate%tﬂkaw ng a

nmet hi oni ne at position 21 replaced by a |eucine re as descri bed
(U. S.eqRiyigs: lnﬁ»elwreﬁw%@%e@ykes RB¢ SHEIFPRPECH RN EX HE@&’? Wi ng 51

resi qU&sde bx udé ﬁgﬁﬂheﬂc & apmqfavmsrae@bgzr %ﬂﬂgseehamnmons 52 and 53

of hEG-, an avil a neutr am no acid suBsti lon at position 51,
r et ai(EDIEmm‘(fom), 10 §madidicd esenin-¢ haemgsadelmontaf s lysioa sesidiieyr adat i on

bj eyt ZGafipy BBl A Bl BoE FE e Aty s deliPr e tona, © °
enc O%ygmic?&dl Yiudifes REAERS At SiReindiPoAPrek R dfiegaitlin-giiftrhaddehy hanfags and
TGFa (WO /29438). EGF nuteins_ (nutated EGF% havi ng hi stidine at residue

16 r é%@lea@e@emwbwg@cowrmﬁtaw, celliragss oz 9 {Birage. beehwl dddiel Chem (wo
93/ 0 7 r &t i I em cal
anal G oA A B B e b el B o ol
menbaemdewsfoodhe EG- receptor famly (U S. patent nunber 4,686,283). Various
nodi ficati 0 dva eous tie ffecting one
P or o dbreprndie B 6DEPAVA St SrreO e et SRl vy b 11 by,
and igy DPPLPV%ﬁlbfﬂ&%e-a@soc%@dTpé A sel ﬁc%t%inﬂlﬁﬂfacﬂ@ﬁﬂaf iRshdeCn fiecept or |igand
used in the Exanples herein is a C 25 term nus del eted form of human EGF of

51 arsuhsirates @EP1ilp Gléh%mad GhRvDRE-1¥spigdiatfidrieaciivation of GLP-1 is a determinant
of GI.P-1 bioactivity in vivo. Examples of DPP-IV inhibitors include isoleucine thiazolidide,
valine-purrolidide, NVP-DPP738 (Novartis, Cambridge, MA), LAF237 (Novartis), P32/98

25  (Probiodrug AG, Halle, Germany), and P93/01 (Probiodrug).

As used herein, the term “EGF receptor ligand” encompasses compounds that

;-q

stimulate the EGF receptor such that when gastrin/CCK receptors in the same or adjacent
tissue or in the same individual are also stimulated, neogenesis of insulin-producing
pancreatic islet cells is induced. Examples of such EGF receptor ligands include full length
30 EGF, which is EGF1-53, and further include EGF1-48, EGF1-49, EGF1-52, and fragments
and active analogs thereof. Other examples of EGF receptor ligands are TGFa forms that
include 1-48, 1-47, 1-51, and amphiregulin and pox virus growth factor as well as any EGF
receptor ligands that demonstrate the same synergistic activity with gastrin/CCK receptor
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position 51 (referred to herein as EGF5I N), which retains substantially

full I.N.T. activity, and has in vivo and/or in vitro stability that is

t hat | sWA220068%19%bout as great or greater than nor maPCHBUSHOBE3SYpe hEG
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Various_modiﬁcations of EGF or TGFo. confer advantageous properties affecting one or more

of recombinant protein production, in vitro and in vivo stability, and in vivo activity. A
exemplary recombinant modified EGF receptor ligand used in the Examples herein is a C-

25  terminus deleted form of human EGF of 51 amino acids in length, having asparagine at
position 51 (referred to herein as EGF51N), which retains substantially full LN.T.™ activity,
and has in vivo and/or in vitro stability that is that is at least about as great or greater than
normal or wild type hEGF (S. Magil et al., published May 15, 2003 as PCT/US02/33907, and
incorporated by reference herein in its entirety).

30 The term, “growth hormone™ as used herejn encompasses any polypeptide that shares
substantial amino acid sequence identity with an endogenous mammalian growth hormone
and possesses a biological activity of a mammalian growth hormone. Human growth
hormone is a polypeptide containing 191 amino acids in a single chain, and a molecular
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conposi tions of the invention can be fornul ated as neutral or salt forns.
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components or devices for sustained release, for delivery locally or systemically. A

25  pharmaceutically acceptable carrier or excipient can be added. Such a carrier includes but is
ot limited to saline, buffered saline, dextrose, water, glycerol, ethanol, and combinations
thereof. The formulation should suit the mode of administration. An “effective amount” as
the term is used herein is an amount of a therapeutic agent or combination of agents sufficient
to achieve a recognized medical endpoint, in this case, remediation of a symptom of diabetes.

30  The effective amount can be determined empirically by a skilled artisan according to
established methods of measurement of relevant parameters, as described herein.

The compositions herein can further comprise wetting or emulsifying agents, or pH

buffering agenis. The composition can be a liquid solution, suspension, emulsion, tablet, pill,
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O cells in \cﬁquy doslqu A 1mstgred 25 4 smgle dose, or is divided into a plurality of smaller
fractional doses, to be administered several times during the day.

25 The compositions of the invention can be formulated as neutral or salt forms.
Pharmaceutically acceptable salts include those formed with free amino groups such as those
derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed
with free carboxyl groups such as those derived from sodium, potassium, ammonium,
calcium, ferric hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine,

30  procaine, efc.

The amount of the therapeutic of the invention which will be effective in the treatment
of a particular disorder or condition will depend on the nature of the disorder or condition,

and can be determined by standard clinical techniques. The precise dose to be employed in
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of manufacture, use or sale for human administration. In some embodiments the kit or pack

25  may be associated with software embedded in a computer readible format.

The invention in one aspect features islet neogenesis therapy (ILN.T.™) compositions
and methods, for example, a gastrin and a FACGINT, in combination with
immunosuppressive agents, to stimulate the growth of new P cells in vivo, increasing islet
mass, and result in improved glucose tolerance in diabetic subjects, for example, in diabetic

30  hurnans and in animals.

The gastrin/CCK receptor ligand and the EGF receptor ligand or FACGINT, can be

administered in a single combined dose, or administered separately in any order. An

“effective combined dose” of these compositions is a dose that produces a decrease in fasting
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30 receptors for each of EGF and gastrin/CCK or each of a FACG NT and
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20 1abet}c patient having type F or ty%gﬁ cgal}letes, or having a pre-diabetic condition, or having

gestational diabetes, or having had diabetes in the past, for example, having had gestational -
diabetes in a past pregnancy.
Further, evaluating the size and function of newly developed P insulin secreting cells
or islets is measuring a standard physiological or diagnostic parameter including: islet p cell
25  mass, islet p cell number, islet f cell percent, blood glucose, serum glucose, blood
glycosylated hemoglobin, pancreatic  cell mass, pancreatic 8 cell number, fasting plasma C
peptide content, serum insulin, and pancreatic insulin content.
As diabetes is in certain cases an autoimmune disease, an embodiment of ILN.T. ™
is systemic administration of therapeutically effective doses of, for example, the ligands of
30  receptors for each of EGF and gastrin/CCK or each of a FACGINT and gastrin/CCK, such as
a combination of a gastrin and an EGF or a combination of a FACGINT and gaétrin/CCK, to
subjects or patients who are also treated with one or more agents that suppress the immune

systern, i.e., immunosuppressive agents.
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T-1ynphocytes; AVEVIVE(r)) Dept/Bl OGEN Used to treat psoriasis, a T cell
medi abeidcieasqddmmangpgulingrypinaseackivity Bp w4 dayielsrtragied Som thedsictal  Human

Pept i e nBhRE KR inblehlldBhel b b RS RlrRincby $epRoRllic thedsemdiPSE 2t €d
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t oxic use preventi
islets in treated animals.
10 The term “transplanting” as used herein means introducing a cellular, tissue or organ

composition into the body of a mammal by any method established in the art, or as indicated
herein. The composition is a “transplant”, and the mammal is the recipient. The transplant
and recipient may be syngeneic, allogenic, or xenogeneic. The term, “autologous” as used
herein means that the transplant is derived from the cells, tissues or organs of the recipient.
15 Enhanced B cell function of human islets can also be demonstrated by reversal of the
hyperglycemia in recipient mice with streptozotocin induced or genetic (using a strain of
mice known as non-obese diabetic or NOD) diabetes. Enhanced [ cell function after
treatment of the diabetic recipient subject with gastrin, with EGF or FACGINT and with one
or more immunosuppressive agents is demonstrated by improved survival upon withdrawal
20  of'insulin, and by correcting hyperglycemia as indicated by fasting blood glucose level.

Further, increases in both pancreatic insulin and plasma C-peptide are observed.

Table 1. Exemplary agents for immune suppression, and commercial sources
Names . Company - - | Nature R
2-amino-1,3-propanediol | Novartis Used for preventing or
derivatives treating chronic rejection in
a patient receiving an organ
or tissue allo-or xeno-
transplant
2-amino-2[2-(4- Yoshitomi Immunosuppression, from
octylphenylethyl]propane- | Pharmaceutical accelerated lymphocyte
1,3-diol hydrochloride Industries, Ltd homing
40-0-~(2-hydroxyethyl)- Novartis Sirolimus (rapamycin)
rapamycin, SDZ-RAD, Pharmaceuticals derivative, used for acute
Everolimus (Certican ®) kidney rejection; reduces
rejection and graft
vasculopathy following
heart transplantation by
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ki dney allograft rejection Antisense | CAMI | SIS-Boehringer Muse

nonocl onal AB inhibitor (1SI'S 2302), Ingleheimblocks white bl ood cell
Enl i nron®e, 20B1/6R195 adhesion to T-cell surface Ali caf or®EHYSIHE}/ B
(ICAM 1r); treatnent of kidney transplant rejection Azathioprine

(I myanfr)Generic— G axo Treatpent of rheumatold —Azasan{r}) SmthKline,
ar t hriNRIn€s and Drevent i on| GPWPARKet heus kil MN4é8Xe r anspl ant _rej ecti on,
Labarat ories. and ot her laut oi nmune or __ aaihkifingcslhpiolifieration y| di sor der s
such @¢3-dithéthpirat ory boweMatstireeindkiaBT| - 3 RAmibdduppressiny/acisen der i ved
nonocirinaprophiiylogkblel [ Nipggor Kdvejie@s or | ustelchifoofor trest@yent i op of
firgt-tinme kidney rej ect]ugn and treat ‘r&m,ir@&mﬁ@(giis%gnt rej ection

C adr Tiny hidFHd el D04/ 037195
PCT/ LE%% ? MHESO%%B(?%% Nat ur e H%E& elnmmlngm(;y 9suppr £ssi ve agent
that| is re i’ve sel ective % '

for |ynmpho¢ [ treat| | ynphoid
mal ijgnanci es hai rly- cell |eukem a c}ﬁ ﬁ%sg ld?h 5@]1( CTX, Generic
| MmuBoesupnr ncc:\nf t for Neosar ( r\ Cyto Ynent  of rthritis and

Pr ocy®BE }3?(&%#) aut o- | MREAEX di sor der s ‘&HE‘S%W@?@MI@@I osppri ne

(cycl osporin Novartis 11 anmino acid cycl | érgeted against human T~
cell, B cells, NK cells and

monocytes, fortreatment of
steroid-resistant graft vs
host diseases, potential use
in treatment of
inflammatory and
autoimmune disorders
Alefacept (human LFA-3 | University of Utah- | Knocks out causative

IgG1 fusion protein, Dermatology memory T-lymphocytes;

AMEVIVE®) Dept/BIOGEN Used to treat psoriasis, a T-
cell mediated inflammatory
disorder

HILA-B2702 peptide SangStat Medical Human peptide, blocks

(Allotrap®) action of NK cells and T-

cell mediated toxicities,
used for prevention of first

kidney allograft rejection
Antisense ICAM-1 ISIS-Boehringer Mouse monoclonal AB
inthibitor (ISIS 2302), Ingleheim blocks white blood cell
Enlimomab, BIRR1, adheston to T-cell surface
Alicaforsen) molecule ICAM-1r);
treatment of kidney
transplant rejection
Azathioprine (Imuran®, Generic, Glaxo Treatment of rheumatoid
Azasan®) SmithKline, atthritis and prevention of
Prometheus kidney transplant rejection,
Laboratories, and other autoimmune or
aaiPharma inflammatory disorders
such as inflammatory bowel
disease
BTI1-322 MedImmune Mouse derived monoclonal
AB targeted to CD2

receptor; used for
prevention of first-time
kidney rejection, and
treatinent of resistant
rejection

Cladribine (Leustatin®) Boehringer Antimetabolite and
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Cyclosporine (cyclosporin
A, cyclosporin)
(Sandimmune®, Neoral®,
SangCya®)

Novartis

11 amino acid cyclic
peptide; blocks helper T-
cell , immunosuppressant
used in organ transplant
therapy and other immunc
diseases

Demethimmunomycin” (I- | Merck & Co Treatment of autoimmune

683,742: also described as diseases, infectious diseases

31-desmethoxy-31- and/or prevention of organ

hydroxy-1L-683,590) transplant rejections

Dexamethasone Generic An adrenocorticoid,

(Decadron, Dexone, effective

Dexasone) immunosuppressant in
various disorders

Docosahexaenoic acid Not Immunosuppressant by that

HA . lowers the proportion of T

— applicable cells expressin% CD4 or
CD8, blocks antigen
recognition process;
Taku et al_, Journal of
Agricultural and Food
Chemistry, 2000;

' 48(4):1047

FTY720 (oral myriocin Novartis Alters lymphocyte

derivative) Pharmaceuticals infiltration into grafted
tissues; used for prevention
of organ rejection in kidney
transplants

Glatiramer acetate (co- Teva Synthetic peptide

polymer-1, Copaxone®) Pharmaceuticals copolymer; decoy that
mimics structure of myelin
so immune cells bind
Copaxone instead of
myelin; for multiple
sclerosis ]

Glial fibrillary acidic CalBiochem; Synx Possesses

protein (GFAP) Pharma Immunosuppressive

activities in diabetic animal
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ar macol ogy,

'Bul124 (anti-CD112)

XOMA

Humanized monoclonal
antibody; targets CD11a
receptor on surface of T
cells to selectively inhibit
immune system rejection of
transplanted organs

Infliximab (Remicade®)

Centocor (affiliate of
Johnson and
Johnson)

Monoclonal AB, binds and
inactivates human TINF-
alpha and ; used to treat
Crohn’s disease and
rheumatoid arthritis

Interferon

Various companies
including Serono,
Biogen etc

Immunomodulatory
properties

ISAtx247

Isotechnika

Used to treat avioimmune
diseases such as rheumatoid
arthritis and psoriasis

isotretinoin

Immunosuppressant,
reduces ability of T cells to
proliferate in response to
immune challenge.
Vergelli et al.,
Immunopharmacology,
1997, 31:191.

Medi-500 (T10B9)

Medlmmune

Intravenous monoclonal AB
that targets human T-cells;
ireats acute kidney rejection
and graft-vs-host disease

Medi-507

MedImmune/Bio-
Transplent

Intravenous humanized AB
directed against CD2 T-cell;
used to treat corticosteroid-
resistant graft vs host
disease and prevention of
kidney rejection

Methotrexate
(Rheumatrex®,
Amethopterin, Trexall®)

Wyeth Lederle,
Generic

Mitoxantrone

Antimetabolite used to treat
Crohn’s disease, severe
psoriasis, and adult
rheumatoid arthritis (and as
an anti-cancer drug)

Immunex

Antiproliferative effect on
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agai nst h Research linstitute CD4 T g Syﬁﬁimsofﬁu ent
nucleotides; used in organ
transplant therapy and
inflammatory bowel disease

OKT4A R.W.Johnson Mouse monoclonal AB

Pharmaceutical targeted against human

Research Institute CD4 T cell; used for
prevention of kidney
transplant rejection when
used in combination with
other immunosuppressant
drugs

Muromonab-CD3 R.W.Johnson Monoclonal AB that binds

(Orthoclone OKT3 ®)() Pharmaceutical to receptor sites on T-cells,

Research Institute preventing activation by
transplanted tissue

Prednisolone (Deltasone®, Corticosteroid, suppresses

; Oraone®) inflammation associated
with fransplant rejection
basiliximab (Simulect® | Novartis Monoclonal AB that binds
Pharmaceuticals to receptor sites on T-cells,
preventing activation by
transplanted tissue (renal
: transplant)

S100B glial protein Possesses
Immunosuppressive
activities in diabetic animal
models

Sirolimus, Rapamycin Wyeth-Ayerst Immunosuppressant and

(Rapamune ®) Laboratories potent inhibitor of cytokine

- (e.g.1L-2)-dependent T-cell
proliferation (kidney
transplant)

Tacrolimus (Prograf; FK- | Fujisawa Interferes with IL-2 TCR

506) communication

Antithymocyte SangStat Medical Anti-buman thymocyte

immunoglobulin Corporation, immunoglobulin; used in

(ATGAM, Thymoglobulin | Pharmacia and reversal of acute kidney

®) Upjohn transplant rejection and will

31

di sease and

iti metabolite

ritis (and as
ffect on 30
rone(r))
hages; used

ion of T and
I ne

ry bowel
targeted

i on of Kkidney




transpl ant rejection when wused in conbination with other
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31 2004/ 037195 PCT/ US2003/ 033595 Na §‘Pi‘\1ﬁ5%t ||r e | | kel y be used
of f - | Besdizumgb (Zenamas Pl -ant PioteiuDesigh t her Apjonocional AB inhibits

HAT (Humanized Anti- Laboratories/Roche inding of IL-2 to [L-2

Tac), SMART anti-Tac, receptor by binding to IL-2

anti-CD25, and humanized receptor; suppresses T cell

anti-IL2-receptor activity against allografts

(renal transplant)

As used herein, the term “immunosuppressant” or “agent for immune suppression™
means any agent that suppresses immune response. Exemplary immunosuppressént agents
are shown in Table 1, and any derivatives of those agents or functional equivalents are

5  considered appropriate for embodiments of the invention as described herein and in the
claims.

As used herein, a dosing schedule refers to a protocol for administering any of the
compositions provided herein, for example, the components that make up the LN.T.™
composition or the combination of a FACGINT and a gastrin/CCK receptor ligand, and one

10 or more of an immunosuppressive agent, each in an effective dbse, administered
simultaneously or within a particular interval of each other, for example, within one day of
eachother, or as a combined preparation, or separately, and includes the amount of the
composition delivered per unit time such as per day, and the duration or period of time over
which each composition is administered.

15 Most insulin dependent diabetic patients require insulin injection at least on a daily
basis. Multiple doses per day of insulin are required under certain circumstances bf illness or
diet for management of diabetes, and the insulin administration is indicated by results of
frequent glucose monitoring, another activity which is required of a diabetes patient for
optimal management of the disease, which is performed for example as ofien as five times

20  daily.

Remission from diabetes due to successful islet neogenesis therapy in combination

with an immunosuppressive agent is indicated by a decreased fasting blood level of glucose,
' 32




efalizumab (Xanelimr)) XOVA T-cell nodulator that target T-cells through
i nteractions wth adhesion nol ecules on endothelial cell surface, target
m gratiwomh/M7ee |s into the skin and target activap¢DusSmwo3/33s® | s; Used
to treat Psoriasis Daclizumab (Zenapax(r)) , Protein Design Mnoclonal AB
inhibits HAT (Humani zed Anti- Laboratories/Roche binding of IL-2 to IL-2
Tac) ,anéimrTdegreapedtigrs] and dlopation of plewitad blngdieduqose m regpanse &ppdietaind hunani zed

( ongt ik RaFR STty iRy CuPldiler R FERR O] LRERARAEH. T2 ot

for iJaifienSiRie eshiced fronl)Eaample, fige iMjedtivat tcsmfxpﬁ@meﬁs pendaperormsponse.
Exenpl ary, inmunosuppressant agents are shown in T bl e % and %213/
4 bk defa offrtieder ed

der i Via0iiDiestis te RBS BYeiORST B8Y; Pk SOPHoRA toé’(‘j’&f”aﬂéllé f£ate

appr %&m%o% ggimadgnﬁz%@é gavgfs 018 oY d&g y%uaﬁl tHE 8% Lk BEEeBR) 'ﬂhé}{‘d in the
cl’ai-nd ereimn, a dosing sche e'refers to a protoc for

adm nieatieg b digbatiy palfernt,ie fa:mdmamvﬁh hd;uaMg)mswlurdémsage tce]emels obbloed ghebss t he

conmponent s that ma N T. 03|t|on or the conbination of a
FACG IRfowing fast %@El%ﬁ%@éﬂ? B}gwa?]@%qﬁﬁt hd one 10 or nore of an
| MUNOSUPRRESSLVSE tHE BOhpoSBGY tb@e%ﬂmﬁ;fﬁt@féﬂ'tb’ 8 Sﬁﬂ%&mégﬁﬁhﬁbéf&ﬂcﬁgm

simul taneously or wthin a particular 1 nterval of each other, for exanple,
W t hlmnmaﬁynspeclwompecham stmdarsl datac@isbinpessing @yanafor@hsorpfuomepar ately,

and [ des ung. of t sition delj.ver e me such as
per o‘:ﬁ $fr %H@“@% 1‘651“10“?“5@1?%38%?[’?1’[8% CBTEN O™ é‘ﬁ lccgg%y b she Position is

adm %éép@drqfkanééomé bmibBaithdnts B@ABNUE Barhipla PRE b@c}ﬂﬂlﬂ]ﬁe bhd fcﬁl@m dpeciensul i n

injection at” least on a daily basis. Miltiple doses per day of insulin are

r equi lngggnerakl dpsages exgi ﬁdJ@querb@tah%ésfoé@ tq ﬂh%‘éé@o H1d gmagar fotor  managenent  of
di abef Siums gntt%% ﬂoﬂ@ Qc18'sdﬂ'aﬂ’tos% Al R E&eé ndicated by results of

freque ose nDnl |ng anot r act V|ty which is required of a
di abet es a&hnmﬁsuﬁpresmeﬁgeﬂalm ﬁhhhg&mher@hut\daknda@ma adwhumshered aper f or ned

for exanple as oft as five tines 2 onfro etes due to
skfccewgpiigd t?%‘lhétm%ga&élﬁ'@ésr QOWF’QWO gﬂ hﬁ&f{f’]& J\‘i%ﬁttaﬁ % OWn y oné
| Wn&%ﬁﬂﬂh@ﬁépﬂﬁﬁ@&%whﬁarw%? @kﬁfi‘pl@}’l‘ﬁ:r&%ﬁﬁ@%%%ﬁeﬁaﬁ§ himthifteedyl evel of

gl ucose,
inj ectlon or orally, and Sirolimus is generally administered orally.

Modes of administration of the receptor ligand compositions and immunosuppressive
agents include but are not limited to subcutaneous, transdermal, intrathecal, intramuscular,

20  infraperitoneal, intravenous, iniranasal, and oral routes. The compounds may be administered
by any convenient route, for example, by infusion or bolus injection, by pump, by absorption
through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa,
etc.). The receptor ligands herein may be administered in combination with one or a plurality
of other biologically active agents. For example, a recipient of the compositions and methods

25  herein may be administered one or more antibiotics if a bacterial infection is present, or
aspirin if a headache is present. Administration of the receptor ligands herein is preferably by
a systemic route.

The invention in one embodiment provides a method for treating diabetes mellitus by
administering a composition comprising both a gastrin/CCK receptor ligand, e.g. gastiin, and

30 an EGF receptor ligand, or a FACGINT, e.g. GLP-1, GH, or prolactin in a formulation for
sustained release, to effect differentiation of pancreatic islet precursor cells to mature insulin-
secreting cells. Both the FACGINT and the gastrin/CCK receptor ligand in the composition

can be administered systemically or locally.
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published Jun. 13, 2002), a laminin receptor ligand such as laminin-1; an islet neogenesis
associated protein (INGAP) receptor ligand such as INGAP; a bone morphogenetic factor

25  (BMP)receptor ligand such as BMP-2; a vasoactive intestinal peptide (VIP) receptor ligand
such as VIP; a glucagon-like peptide 1 receptor ligand such ag GLP-1 and exendin-4,
glucagon-like peptide 2 (GLP-2) receptor ligand such as GLP-2, and dipeptidyl peptidase IV
inhibitors which indirectly affect the levels of GLP-1 (Hughes, T. et al., 2002, Am Diabetes
Assoc Abstract 272-or) by inhibiting an enzyme involved in its integrity; a REG receptor

3p  ligand such as REG protein; a Growth hormone (GH) receptor ligand such a GH, a Prolactin
(PRL) receptor ligand such as PRL and placental lactogen (PL); an Insulin-like growth factor
(Type 1 and 2) receptor ligands such as IGF1 and IGF-2; an Erythropoietin (EPO) receptor

ligand such as EPO (http://www.drinet.org/html/august_2002_.htm); a betaceliulin (also

-
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release formulatlon of a composition comprising a combinatlon of a FACGINT or an EGF

25  receptor ligand, and a gastrin/CCK receptor ligand, in an amount sufficient to increase
proliferation of islet precursor cells in pancreatic tissue, thereby treating or preventing the
diabetes.

In another aspect, the invention provides a method for preventing or treating diabetes,
the method comprising administering to a mammal in need thereof a sustained release

30  formulation of a composition comprising a combination of a FACGINT or an EGF receptor
ligand, and 2 gasirin/CCK receptor ligand, each in an amount sufficient to increase the
number of pancreatic insulin secreting B cells in the mammal; and determining the amount of

islet neogenesis, thereby treating or preventing the diabetes. Administering the composition
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formulated in sustained release formulation. The composition is in a dosage effective for

inducing proliferation of islet precursor cells into an increased amount of mature insulin

25  sectreting cells. Further, the composition is in a dosage effective for inducing differentiation
of an islet precursor cell into a mature insulin secreting cell. The composition can be in a
pharmaceutically acceptable carrier. The composition can include an agent for suppression
of an immune response.

In another aspect, the invention provides a kit for treating or preventing diabetes,

30 containing a composition comprising a gastrin/CCK receptor ligand and a FACGINT or an

EGF receptor ligand, any of which are present in sustained release formulation, a container,

and instructions for use. The composition can include an agent for immune suppression. The
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conposi tion can include an agent for imune suppression. The 36 WO
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her einipsisigmbhigitetiag tetpasdpirg: aneffodivé Hoseoidach bhg setandcrldase i n a

di abetic recipient of the cells . into insulin creti cells,..
formulation gf a gastrin/CCX receptor ligand and a FACGH\SY? or an b?ﬂf receptor ligand, the

amount of cells reduced in comparison to implanting cells into an otherwise identical
recipient in the absence of administering the effective dose. The recipient can further be

25  administered an agent that suppresses the immune system. For example, the agent is a
chemical selected from the group consisting of FK506, rapamycin, eyclosporin and cortisone.
Alternatively, the agent is an antibody, for example, the antibody is anti-CD4. In any of the
methods provided that involve stem cells, the cells prior to implanting can be obiained from a

_ family member and stored for later use.

30 An érnbodiment of the present invention provides improved methods and
compositions for use of a FACGINT or an EGF receptor ligand administered with a
gastrin/CCK ligand, any one or more of these agenis being formulated for sustained release,

to treat diabetes. The present invention in ope embodiment provides a sustained release
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or both agents in a sustained release formulation, to a diabetic mammal, to stimulate islet

25  neogenesis to increase the number of functional glucose responsive insulin secreting P cells
i the pancreas. The combination of a gastrin and either a FACGINT or an EGF receptor
ligand, any of which in a sustained release formulation, would result in a significant
enhancement of the islet neogenesis response over that observed with the same agents but in
a non-sustained release direct formulation. An exemplary gastrin/CCK receptor ligand is

30  gastrin or its synthetic gastrin derivative as described herein, and exemplary FACGINTSs are
GLP-1, GH, and prolactin. An exemplary EGF receptor ligand is a recombinant human EGF,

for example, EGF51N, a 51 amino acid long human recombinant mutant EGF having a

deletion at the C-terminal and an asparagine residue at position 51.
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Alternafively, the cells are adnmnistered to the portal vein using a

per cut aneofiestained relsashispanivested it @non-m%ﬁinmelea%gmphﬁ@n thay deliperafiei ng,
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receptor ligand, or an_EGF receptor ligand or a FACA NI, _is formJI{';\ted to

occur pngyozgwgtqﬁthf@ge@? aveilable dp fherecipient over a very short time period. Examples o
substaniially instantancous bioavailability of a dose inciude aqueous solutions of agents that

are administered parenterally, for example by a bolus intraperitoneal injection, or orally, or

25  even administered by intravenous drip over a period of several hours. Thus, intravenous
administration of a cardiovascular imaging agent is circulated throughout the arterial system
within 15 seconds; intravenous drip administration of an anti-tumor agent is entirely
bioavailable within seconds of finishing the drip. In contrast, sustained release formulations
benefit the recipient patient both by providing long term bioavailability, and by protein the

30  patient by avoiding potential side effects that might result from initial high levels of the
agent. See Mathiowitz, E., Encyclopedia of Controlled Drug Delivery. 1999. New York:
John Wiley.
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Encycl opedi a of Controlled Drug Delivery. 1999. New York: John Wley. 39
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The term, “local delivery” as used herein refers to administering by a route and

25  formulation or device or both such that a particular target organ or tissue is substantially
treated while other organs and tissues are not so treated, or that the extent of treatment of the
target tissue or organ receives at least two-fold, at least five-fold, or at least 10-fold greater
dose than non-target tissues or organs. In general herein, a target organ is the pancreas. As
shown herein, cells for transplantation or multi-celiular transplants can be locally delivered to

30  the pancreas by injection into the portal vein; drugs can be delivered by injection into
pancreatic arteries, hepatic arteries, portal vein, or pancreatic duct. It is possible to employ a

pump that is not implanted, i.e., remains external and delivers the composition to a target
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two implantable components, an infusion pump, and an intraspinal catheter, can be used. The

25  pump is inserted abdominally in a subcutaneous pocket, while the catheter is inserted into the
intrathecal space of the spine, tunneled under the skin, and connected to the pump.
Medication is then delivered at a constant or variable flow rate. Further, an intraperitoneal
pump, for instance an implantable pump, can be used to deliver the compositions herein
locally, for example via a catheter, or systemicaily.

30 Mucosal delivery io epithelial areas that are maintained in a moist condition and
which have close underlying vasculature can be more efficient than transdermal delivery

across a tissue which is a dry epidermal surface. Mucosal surfaces include: nasal,
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Sept. 10, '1996). Organs of the  RES include liver, s&l{g&g@ and bone marrow.
Horrop 8pseiBeallygssasirigsowifhdresexterinnpf ke prsticles. adeter stags fusiony peha ity col )

or PLéfage by erosion can be controlled by polymer composition, molecular weight, size of the

microparticles, and physiological conditions such as pH. Protein stability during manufacture

25  of microspheres is enhanced if the protein is in solid form, such as a lyophilized powder,
which is emulsified with solvent or by a frozen-atomization process or a sonication process,
and the suspension is then frozen in liquid nitrogen for further solvent extraction.
Microspheres can be produced from a supercritical fluid, e.g., supercritical carbon dioxide
(scCOy).

30 Biodegradable block polymers that are suitable for drug delivery and methods of
synthesis are described by Kumar, N. et al., Adv. Drug Deliv. Rev. 53 (2001): 23-44.
Copolymers can be random, alternating, or block (di or tri type) and can be linear, or star or

graft (comb-shaped) in configuration. A polymer can form a hydrogel, which is a three-
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sustained release drug formulahons and devices include collagen (EP-A-O 621 044), chitin

25  (U.S. patent 4,393,373), and chitosan, a deacylated form of chitin.

D

A permeation enhancer, for example, a glycolipid, a non—esteﬁﬁed fatty acid, an
aliphatic alcohol, a fatty acid ester of an aliphatic alcohol, a cyclohexanol, a fatty acid, ester
of glycerol, a glycol, or an aliphatic alcohol ether or a glycol, are typical permeation
enhancers, other components such as a stabilizer, a solubilizer, a surfactant and a plasticizer

30  can be present in a transdermal device. See U.S. patent application 20020127254, published
September 12, 2002.

Lipids and a variety of types of polymers are used to form “nanoparticles™ for drug

delivery, reviewed by M. Kumar, 2002, J. Pharm. Pharmaceut. Sci. 3:234-258. Drug loading
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PCT/ UsROBALTAREA ani BGP réd2p®e ligadd, iafidl @ astBin/ClK dedepidpdiggtidiaest wi t h nost

| i pophilic therapeutic, agents. Long. |asting release has been found with

| i posBhERacsRilY asrgPiablataradrior cxeibient canche atdded. SHeh 2 prrgsHmsiudes PEAD] i ne or
chol e t j j t.ai et hods

dggs) crlﬁ @%ﬁrdg%ﬁ@?’ g}%ﬁ%&gﬁ anp ’3@’%@39‘?% ef’%%%gﬁé%ﬁ%%ﬁdggﬁl 0 tlgﬁ %rat eri al
desi gtiedzof o Thafagetuldativa sREEd soit thompdé sBatiminfstatidif f erent nmaterial to avoid

cells of t RES. Addi ti onal rgeting et hods include pse of antibodies
o sol ubl e UPlsSo e i Bt el el R RS e R h B RE 8 f ace o
| i poSEBSing hs BrEmRaRNS R Etodd S8 of sk SkEldid Bk aAS6 wWhtdhiisahvefionas

descri bed herein may be further adjusted for use with any of the devices

descr beéainn Ylethads ardomatesials spuily, orfegpivelsatio thaw desetihadhprain can hrvserdcul ar

L 3J 9, @k %f’zl%ch BEmB E,ge%&% inb R 19 daBBR Eri‘%rio%@%&ﬂioﬁﬁﬂénté’ﬁﬁ hiffe

sust al nea rel ease arnmaceutt cal” conpositions comprising a er ap%utl cally
ef f ecbeanefubipdestkibed, additmmbl srabodiments farcce e ATGIRR berthafollGing Bxamplos add gand,

and a gastrin/ CCK receptor |jgand, armaceytically acceptahle carrier
or exERpIe MiIdkHC Bt Mioed DR ppnirbe 39 SRk P s Wseopent ot al cied

references are hereby incorporated by reference in their entirety herein.

25 EXAMPLES
Example 1. Treatment with a GLP-1 receptor ligand, glucagons-like peptide 1 (GLP-1). and

a gastrin/CCK receptor ligand, gastrin, prevents disease progression in NOD mice with

recent-onset diabetes.

Mice of the non-obese diabetic (INOD) strain have a phenotype that shares many
30  features of disease pathogenesis with human type I diabetes. NOD mice typically exhibit
destructive autoimmune pancreatic insulitis and B-cell destruction as early as four weeks of
age. Diabetes onset usually occurs at age 10-15 weeks in these mice, with typical blood

glucose levels observed to be between about 7mM to about 10 mM (compared to a range of
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15 not limted to saline, buffered saline, dextrose, water, glycerol,

et hanol, and conbi nations thereof. The fornulation should suit the node of
admi ni sWBCHAI7IN] ess ot herwi se defined, all techni caPCHUE20980EIPT i c
terms herein have the sanme neaning as conmonly understood by one of

ordin iLL in the art to ich this.invention pertains. Methods and
mat er Ao 3¢kt WH@E@W% & RegoRReR st v plibat ReretbydireRsed 20 i n

the peggil b§% hn HALIIHARAN i VANLORe prafeskédy RV Alicd BHMEH IikkasiagRodI Ment s
now having been fully described, addi PI onal énbodi nents are exe ified by

t he fstvierwiigny abehramiediabetds, vathablned ginhossHewaleraaching beevededbow 25doconst r ued

f h | j. £ .. Th . f.all cited h b
" cor PP el ddihrafie SRS Rt elifinadd pofipe R EhE RSk RRRIRS SE Rl o 1
Treat gRete deldfandhiBeabe g-.;&e%man kb HRDYY, & fleasanss bbkfanaBlide | (GP-1),

and a gastrin/CCK recep i gand, gastrin, prevents di sease progression
i n NOD mi cln thistaxamples; ét efavs of trefitvibut bysa cdvhbivatadn ohHELAdramdipasteindiabet i ¢

NOD t r.ai n. . ph t t hat,.sh . 30, f eat , of . di
bt o gRr LR Riftars e o il DR bR A B
dest r bgthiGIP-2 uh@ s HIHA deihgi‘gfe@%itis@véré‘ﬁ%érgiyéerﬁﬁgkiétlgaﬁé‘ééis serdeaitcds e as

early as four weeks of age. .abet es onset usually occurs at age %1\9 15
week sa§ Hcieptequngieaiac ingitkin centpntda NP agee withueesséonssl diabeiobsThe/BY.¥.0 be

bet we ha ( red. t . r e of 44 \WD.2004/ 037195

ngr/ U%%E?} i ?ﬁ%gw aggouﬁ }é.s %quﬁ%q cr%ﬁ)%rag?g%nnlﬁ:ag ,ga%adngoﬁﬁl SPEUSSC i nsulin

| evel withatLensedidweat dninoasid pobigion 180 Qe GIP4 ubahwhdHSLPLnwhRhBdhei Cce. As

di seagigg)pggo resses, NOD m gje exhibit increasingly  severe signs of chronic
€ ,

di ab ¥ ROy lbeee of ampaimause BLAch (hyingsiehidess atpositions86  about 30
™ | b . b vig

non- exi s ent1L.r(J'e£%{5 b{%ﬁ%ﬁlﬁ%fﬂgﬂl&g&%ﬁ&%@rﬁ}h?%%xrog?sggcgg)g?m I)ééfl e%(%%lrﬁa%ﬁi%% about 99%
of (3H6@I)s have been destroyed. In this exanple, the effect of treatnent

by. a conbipati on of. P- astrin was amined in NOD mce with recent
o}r/?s et diab Plé“é’,%e eoc{l%}gﬁgr(#ncﬂ:gdﬁfﬂ‘@fwe% ﬁ?"gtﬁr‘ﬁ?qkénwﬂzfa MYPRFPdOP- 1 and
gast r develptetlt HF G66IGT EEVREFAYRE bibod GRiHoRe >80 RADS AARI1S), antwiealdy as wel |

as increase pancreatic insulin content in NCD mice with recent-onset
di abeb@ys affgonpetigf symptonts. twergensips phmicgsweerekach weated avfolewsyanermowe hunan

gastr] | A 1.hQ i,d residues with.a Le si due, at 1.no acid
noot ¢ ik B iR 86 e GBS pral BBl (DG Tle ey Ve

f r agngndactofredibigniddimidBeeréd Fia thd hlvpagton@s rétiteswik dpiggi tions 7-36 conpar ed
to the precursor fromwhich the fragnent is processed; obtained from Bachem

H795) . 15! MsasoRasalainigieed Eoridays 1 Ananals weremonijersd yeelly fopring wer e

000 { o8gehibee HBOSIORIERRA vl SRt Albaflh 8PS BBul 20610l 008 nS HEES® >

withdrawn, and 24 hours after the last peptide or vehicle injection. Upon cessation of therapy,

all mice were monitored for FBG levels for the next 4 weeks (weeks 2-6) 50 as to determine
whether prevention of hyperglycermia persisted after termination of therapeutic treatment. At
25 14 days treatment was stopped, and at 18 days the mice were sampled to obtain FBG levels

(as shown in Table 2).

Table 2. Glucagon-like peptide — 1 (GLP-1) and gastrin combination therapy treats recent
onset diabetes in NOD mice

30
Group GLP-1  Gastrin Number FBG (mM) at day:
0 7 14 18
35 1 - - 6 11.0+0.6 14.8+1.3 22.8+1.6 244415
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hours after onset of synptons, two groups of mce were each treated as
follows: one group was treated with vehicle only; and the other group was
adm ni s W849/ kg/ day of GLP- 1, each treatnment adh¢HUSI8/BHWE a t he

i ntraperitoneal route twice daily. 20 Therapy was adm ni stered for 14 days.

Ani mal s yere nonitored weekly %or 15ashig19 140.9ad qh§§§§£eﬁ§%£)4t evels. FBG

| evel s were neasured at about 12 héurs aftefr —food drawn, and

24 hours,after the |last peptide or,_vehicle injectiagn. Upon cessation of
therapy, 5 all mtce weretnonitofed I#ﬁlaiQBGelﬂéﬁ@I- flgﬂi@ﬁ‘e nEXeE 4-Sneeks
(weeks 2-6) so as to determ ne whether prevention of hyperglycem a
pefsistefl after ®terni nati on of 4t hdB3p8&t i 0 d4 neRO+0& 25.94.5lays

t r eat rent--was--stopped;-—and-at--+8-days-t+he-mi-ce--were--sarpl-ed-+o--obtai n FBG
| evel SLP-dq180petkgidayTadal gastin (3Tallkgd®y) vEre adgtistbied &yiopinjetion td NOBP- 1)

and gfsiale mic)nhiceadagnioc daeh afyiptak Ské$n BEGRNDiabRRahicd kel BS14 ebeD ni ce
30 G oure SelwhtHBaske HayNRaetd BiEsd: [ddneplllytdmkertd 16 bd &n FBG of more than

------ e Li.i......-.351- -6 11.00.6 14.81.3 22.81.6

15 32. 6 1515570 00 BRAGIS sp i hN R0, ke Jedin i el dngflond
13. 50cHllebted4Br dssdy 8OFBGlardlIpl&sma C-peptide, and the mice are sacrificed for pancreatic

ghkg/ o Dy - . ce..twice a
day ) P TS bEER b 1 i C M b Ahh o IR e 12, &
used ¥illohiimg pavemdteysarefasshisside siersivahss, faeratialitsylio dnelspreschce@fgetan FBG

of nore than. 10.6. 5. . Jhe protocol includes sanpling of these mce for
dat a H’?&F}W%{m@“&g@%&%‘?ﬂflgw&gﬂ?ev@ tl ected for assay of FBG and pl asna
C pept i de, RaqifkstshEwth&ian ahna3a6H thé VOl lofp (4 ), Fasti

ST SRt R RRREISIL (OBM) g,

determ nations and scoring of islet inflammtion
out seblopd ghmose ERBevaluesrifereased prrigvesdivabi during thetiulei coursepf #iemexk t r eat nent

n iHEﬁEH’_ ess] QR. 4T f ol l.Qwi rraneters are assessed: survival
rg es, pag%?g%h gls#ﬁg P}cﬁgef El‘etvdeg1 g%%?gré@ﬁaégagﬁgi slet inflamation and
fasting bl boehngylastc os@idedu eleated REMUGLB-1sdndViabitial FBG vehhid¥ay 9 i1 41060sc)
vehicle-treajed control group (group 1), fasti n?%o‘hbl ood gl ucose (FBG
val ue¥erer ?@&Yﬁ?%@og%%ﬂépﬁiwhwﬁatr@#sdm%( mdd), srdueed © alsewd, 2o

treat gBfthat {51888 thin BM SRR RbcldRY RviiBpafin M IenibRYratd mice; Table 2).
Most significant and surprisingly, the combination of GLP-1 and gastrin was more effective

25  in decreasing FBG levels than either gastrin alone or GLP-1 alone (having FBG levles of 19.0
mM and 15.8 mM, respectively). Only in mice treated with the combination was the FBG
reduced to a level that is in a normal range. The improved control of blood glucose levels in

~mice treated with GLP-1 and gastrin may be expected to be associated with a significantly
increased content of insulin in the pancreas of these mice.

30 In summary, the results in this study show that treatment with a short course of low
doses of GLP-1 and gastrin treatment in mice with recent onset of diabetes prevented disease
progression, and reversed the disease condition to yield a blood glucose level of about
normal. Further, this significant decreased blood glucose level in mice treated with gastrin
and GLP-1 persisted for an additional time period after cessation of treatment. It is expected

35  that in these animals, data will show improved pancreatic insulin content, and that these
effects will be shown to be sustained for a prolonged period of time after termination of
therapy.
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In contrast, in mce in treated with GLP-1 and gastrin, FBG values (7.9 nM
gl ucose were significantly |less conpared to the vehicle-treated m ce
(24.4 ,209%1913(7&%% to alevel, in fact, that is | ess PREFSYROIRIT d of the
| evel that devel oped in the vehi cle trat ed mce; Table 2). Most

si gni fi canfyand s NOY dmalk Rﬁc&@eéyt?@téd)ﬂnﬁfa pedietth @BGtSARaLYN Was nore
effective 25 in decreasing FBG | evel s than elther gastrin~al one or GP-1

al oneprohgtin g ER@nd e\gaetsm?ﬁcmmptowgamh apg vathﬁvgroméls b@mqmeegeptorml y in

mce tre h.the tio tp.a level that is
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significantl i ncreased_cont ent o? insulin in the pancreas of these nice.

30 | rﬁ@dﬁ#@r&}fa@mﬂﬁ@bm%mthqlt?rb study show that treatment with a short

course of |ow doses of GLP-l and gastrl n treat ment in mce with recent

onset o bel &S : ONq+RRd reversed the disease
i y ' normal . Further, this

si gni fi canin uié@rteaismdmhimhbthﬂrmsmmbéwdbaserfonnule:tldm watldgprowidd g@a&trl n and
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a prol oﬂged peri od time after term nati on of her apy. 46 V\02004/037195
PCT/ US3003} osasosionkitheh ér a peayinted af noxamyiated @Imub@on.ef’eg}ﬂatm adtwi th a

pr ol n rece tor g0l acti.n and.a gastr recept or
Pl ariis: Bt CGRPH R gt R R SsEbbBet sbro P R e R B one. (G
and athaapéﬁﬂcrdgeﬁlﬁs&aamaa@taﬂa@ﬁﬂ@lforgai&tthéBod;t.t is anticipated that data
will indicate that these treatnments yield effects on FBG and ot her

par anet er sLphgudyshowsshal sgmigisirptipngfisesusiningdielsasrdoapwatipn of atileast onexanpl e

2 $o) o]

b TS A

ef fi wawpnmlamd taand M &N eenpodition ifemiulited dod ditdctn.et, hab-susaihed raldaat ed f or

bol us ngn sustained 10 release delivery, a study is perforned conparing

a pro%&‘ﬂts B#%%r eating NOD mice with an |.N. T. TM conposition either in a

pegyl ated or non-pegyl ated fornul ati on. Pegylation of at |east one

corrponent of the I.N.T. TM corrp05| tion can pr ol ong t he anmount of time the
dbcamle 3 3 o srcy ef dosagastdop LELHMMdy The study

shows t hat [ I e} | east

15 a %lﬁt‘?@%?b%%te?ﬁtt%'}v%e? ass‘d%té?i R348 50l st dederdorner: o

condi dfﬁcrr@ thdn 4 hm-&t@hmd:&,leasa&rm figrarestidm aﬁlﬁxlberﬁhéﬁt et bavingon

formul ated for direct n- sust ai ned rel ease dm ni strat| on Exanpl e

3. c&?g&%ﬂf%ﬁps?towlec&‘d%t?e;tntﬁa HGERISEHID QY F GRCHaNAR PR PTTasem of

an LN.T.™ composition to NOD mice.

The results show that prolongation of bioavailability of the I.N.T.™ composition,
25 . comparable to that obtained with a sustained release formulation of an LN.T composition, can
improve efficacy, i.e., can better remediate symptoms of the diabetic condition of the NOD
mice, as compared to a direct or non-sustained release formulation of an IN.T.™ composition,

and can reduce the frequency of dosages required for such remediation of symptoms.

30

47




20 In order to determ ne whether a sustained rel ease fornul ati on woul d
provide greater efficacy than a non-sustained release direct fornul ation,
an experiment is devised having conparing a protocol of three-tine a day
adm nistration to the once-a-day adm nistration of an I.N T. TM conposition
to NOD mce. The results show that prolongation of bioavailability of the

I .N. T. TM conposi tion, 25 conparable to that obtained with a sustained

rel ease (flgmigd! ati on of an I.N. T conposition, can inprove efficacy, i.e.,
can better renediate synptons of the diabetic condition of the NOD mice,
as conpared to a direct or non-sustained release fornmulation of an I.N T. TM
conposi tji on, z&@&Hmﬁﬁ%nHﬁﬂﬂ&%ng@@ﬂ%&@@&ﬁﬂ9¥m9£Cﬁﬂﬁ@ﬁﬁﬁkéﬁﬂﬂﬂé@QGﬁPf such
remedi ati on of synptons . A conposition‘for treating

di abet ed) tesppipt ligang aed EErsEYoR Kl rdeptydigendde- 1 (GLP- 1) receptor |igand and
a gastrin/CCK receptor ligand. 2. A conposition according to claimlin a
dosage effective for inducing differentiation of an islet precursor cel
into a Aaturé\ igesmposihos esxetdingg tcce:iletim 3. iA zccﬂmm‘ﬁi tifemivacthor ddagng o cl ai m 1
or 2, ein. t.he amount of the ece t.or and in the conposition
7’5 substafrrRilig e SEOMR pri g S o Ao BRI aBRESLT (e bt

receptor |igand required to reduce bIood glucose in a diabetic manmal in

t he abs%nce of a gastrin/ CCK receptor an 4. A conposition according to

claim 17 2 or* SOMPRRGGH frepriingyins plajop! c@< r Boesinothe ameyh @f jthe GILALt rin or

an anal ege \Aﬂtt)f AGAHRITh thOEoriRfitloh GRLIRANGAET RS thaw theAnfGHRASILLRR Lecording to
claim4, erein the gastrin is a gastrin 34, gastrin_ 17, or gastrin 8. 6.

A conpo&f thedalRrd cevaptandicee eaqnired o iweseciond tlacesadn ﬁldﬁﬁbmmﬁ@@@bﬂfbr | i gand
is  gastyfd BednchdVi Buinfc DQLRCds,dM th a Len residue at amno acid
position 15sn$ %% os??kon acég é?%g to any one of clainms 1, 2 or 3,
wherein the gastrln/CCK receptor | igand is a conpound that increases
secretign of endo enous. gastri.ns co ition ac to claim?7
wher ei ngt he GaSTPRR CrUgHis 8,19 Iflgetﬁzdo{ gpgﬁerﬁgst?‘?lgg%%ﬂd;gmc Beptide. 9.
A corrpoﬁgatndama@asmmdrmgaﬂamgpﬂ‘wgman& onhedeicatibdwbhegabtri ¢ rel easing peptide is
oneprazole. 10. A conposition according to any preceding claimwherein the
G.P-1 receptor ligand is GLP-1. -48 3

3. A composition according to claim 4, wherein the gastrin is a gastrin 34, gastrin

17, or gastrin 8.

6. A composition according to claim 4 wherein the gastrin/CCK receptor ligand is

" gastrin I having 17 amino acids with a Leu residue at amino acid position 15.

7. A composition according to any one of claims 1, 2 or 3, wherein the gastrin/CCK.

receptor ligand is a compound that increases secretion of endogenous gastrins.

8. A composition according to claim 7 wherein the gastrin/CCK receptor ligand is a

gastric releasing peptide.

9. A composition according to claim 8 wherein the gastric releasing peptide 1is
omeprazole.
10. A composition according to any preceding claim wherein the GLP-1 receptor

ligand is GLP-1.
-48 -




11. A conmposition according to claim210 wherein the G.P-1 receptor |igand
is GLP- 1(7-36) amde. 12. A conposition according to claim 10 wherein the
GLP-1 receptor ligand is an analog, variant or derivative of GP-1. 13. A
conposition according to claim 11l or 12 wherein the G.P-1 is BIM 51077,
AC2592, ThG.P-1, DAC G.P-1, Albugon, liraglutide, or sustained rel ease
LY315902. 14. A conposition according to any one of clains 1 to 9 wherein
the G udagon-A tdkfpospRptacct@dihg (6Bl ¥ 0 ibeept e dlirgardeptsr RgnnadxeGdbn. 15. A
conposition accqording to claim 14 wherein the exendin is exendin-4. 16. A
conposiﬂf%%aﬁﬁ@g?ding to claim15 wherein the exendin is exenatide,
exenatide LAR, ZP10, or AP10. 17. A conposition according to claim 16
wherein the exendin is exenatide. 18. A conposition according to any one of

clains 12t 0 #7compesiem ongiissiondaiin] Ggdatein therGLinhukesptudiseadds oh. 19. A
conposi tj,9p qgﬁ%&%&ﬂ&ﬁ%ﬁv@&ﬁ@ﬂ@ﬁ@ wherein the agent is selected from at

| east one Bf the group consisting of a rapanycin; a corticosteroid; an
azat hi opri ne; nmycophenol ate nofetil; a cyclosporine; a cycl ophospham de; a
met hotrexate;, a 6- mnercaptgpurine:. FK506;.,15-deoxys uald.p, FTY 720; a
1 oxantone > Sosbeorc Ryl o Huc o2 BRARPHEBER 18 il 57y

2- am noAX[239% AFt@atpy | e yinret ibigumphingkititde, Ir distdindiydieaeiB160®,. a 6-

(3-di net hyl - am nopropi onyl) forskolin; and a denethi munomycin. 20. A
conposition according to claim 18, wherein the agent is a protein. 21. A
conposi iyon aceqhstisibntRcdiRb b 28y oS Qhithst NR PHALRINHE UMMabSREKAN ani no
acid sequence of an antibody. -49 22. A conposition according to claim 21,
wher ei nPemiBlealg -1 )sreesptan biganyl is ppgxeaE.  group consisting of at |east one
of . hul 124; BTI-322; allotrap-HLA-B270; OKT4A; Enlinomab; ABX-CBL; OKT3;
ATGAM basi li xi mab; daclizumab; thynogl obulin; | SAtx247; Medi-500;

Medi - 5075 Al &f avesitiosfhadordngrimtxlaiinifd wherera the exafliars dxpndanfler on. 23. A
conposition according to any preceding claim fornulated for systemc

adm ni stration. 24. A conposition according to any one of clains 1 to 22,
formul atted f ev cqapoaitioalacceading i dhial§ ohereRbhe Axadinae skdnatide, agaatidd ng t o any
one of i#@%gg @ tolﬁé, formul ated for oral admnistration. 26. A

conposi tf e aid to any one of clainms 1 to 22, fornmulated for a route
of adm nistration selected fromthe group consisting of intravenous,

subcut aneous, . ) . . o )
17 A composition according to claim 16 wherein the exendin is exenatide,

18. A composition according to any one of claims 1 to 17 further comprising an agent

for immune suppression.

19. A composition according to claim 18 wherein the agent is selected from at least
one of the group consisting of a rapamycin; a corticosteroid; an azathioprine;
mycophenolate mofetil; a cyclosporine; a cyclophosphamide; a methotrexate; a 6-
mercaptopurine; FK506; 15-deoxyspergualin; an FT'Y 720; a mitoxantrone; a 2-amino-
1,3-propanediol; a 2-amino-2[2-(4-octylphenyl}ethyl Jpropane-1,3-diol hydrochloride; a 6-

(3-dimethyl-aminopropionyl) forskolin; and a demethimmunomycin.
20. A composition according to claim 18, wherein the agent is a protein.
21. A composition according to claim 20, wherein the protein comprises an amino

acid sequence of an antibody.
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intraperitoneal, and intramuscular injection. 27. A conposition according
to any one of claiml to 22, fornulated for |ocal delivery. 28. A
conposition according to claim27, fornulated for |ocal delivery to the
pancreas. 29. A conposition according to claim28, which is fornul ated for

| ocal delivery using a nethod selected fromthe group consisting of.
endoscopi ¢ retrograde chol angi opancr eat ography (ERCP); endoscopic

ul t rasond- gui detlpbdinier Beeig: asplamatilpihete] ineesgen( EURILNAD omithE ect i on
into a pancreatjc artery; injection into a portal vein; intrapancreatic

i nj ect i GFPWPatISEHiREf iEbieashews gt H%altzf‘i:Bﬂ‘?’&?yﬁﬂo\@'@?'}ﬂ%gﬁﬁ%sﬁ)gi 86 accor di ng
to any Ghniinas! E®.cBIanOK4A3; AT:AM; abL0:xiRib; ada{cﬁﬂﬁl@ab‘;)fthylﬁ Bt ration

?

sel ected fron1the.group consi sti ng of t ransder mal and nucosal delivery.
-50 31. IpAEEApdYediisgn; Mediorddi Alpfaceptapipligmeabyinfletimaesnd an dnterferod.or nul at ed
for delivery by a nechanical device. 32. A conposition according to claim
31, wherein the device is a punp. 33. A conposition according to any one of
clainms 23to 22, cofupositibmtaecorfliog toadny nirstedapi dainyi fonmalatkdvforesysehdct ed from
t he group of. degradabl e inplant; a transcutaneous patch; a catheter; an
inplantggpgu%ﬁ%ﬁ? a percutaneous punp; an infusion punp; and an
i ont ophoresis device. 34. A conposition according to any one of clains 1 to
22, fornulated for a route of admnistration selected fromthe group
consi st fig of* CSTRRSHORrASERISING 1RIY SBF iof GHémp | 102y Forpelidrdstor aprgntal
I ntr apaRgmeaditaion. 3>. A conposition according to any one of clains 1 to 34
for sustained release wherein at | east one of the gastrin/CCK receptor
ligand or GLP-1 receptor ligand is a sustained release formulation. 36. A
conposi hbikon ac | gt i [N gt t-al e rmul ati on
is a p2§y|a?é38%@?ﬁﬁfbgfgkﬁ%$hggﬁﬁﬂﬁF3%5?%§§afq f%f@ggggﬁéF%?bgégne. 37. A
conposi efwmisetor.di ng to any one of clains 1 to 36 wherein the gastrin/CCK
receptor |ligand and GLP-|I receptor ligand are formul ated for adm nistration
as a single conbined dose, or separately in any order. 38. Use of a
conposi 2éon accanghishigntadcadiyig @ enyobneCdfadldims 1 to@23Torimalatdder prapascat i on of
a nedi cagent for trFathn%:diaEetes. 39. Use of a conposition according to

3

any one2fpiuystation selectydafropy, thy pgopn easisingG Pfofntraxeropsi SHHRURESISr i nduci ng
pancr ealitGpbibidal, REQaRARSESIArnjdcti@Mal by increasing proliferation of

islet precursor cells in pancreatic tissue and thereby inducing pancreatic
27. A composition according to any one of claim 1 to 22, formulated for local

delivery.

28. A composition according to claim 27, formulated for local delivery to the

pancreas.

20. A composition according to claim 28, which is formulated for local delivery using
a method selected from the group consisting of endoscopic retrograde
cholangiopancreatography (ERCP); endoscopic ultrasound-guided fine needle aspiration
delivery (EUS-FNADY}, injection into a pancreatic artery; injection into a portal vein;

intrapancreatic injection; and injection into a hepatic artery.

30. A composition according to any one of claims 1 and 22, formulated for a route of

administration selected from the group consisting of transdermal and mucosal delivery.
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i sl et neogenesis, or by increasing the nunber of pancreatic insulin
secreting (3 cells in the mamml. -51 40. Use of a conposition according
to any one of clainms 1 to 37 for the preparation of a nedicanent for
increasing proliferation of pancreatic islet precursor cells in pancreatic
tissue of a mammal . 41. Use of a conposition according to any one of clains
1 to 37 for the preparation of a nedicanent for expandi ng and

di f f er entli at i gorBp@RHotektGding t@®anynGiel dfRlaHas 1 €6 27 Fo@@llAtad fon dalivedhy Bpet i C
recipient of inplanted cells. 42. A conposition according to any one of
clai ms P REhacHPEre-provi des a dose of GLP-1 receptor |igand and/ or
gastrin/ CCK receptor ligand in the range of about 0.01 mcrograns per

ki | ogram body wei ght per day to about 10 milligranms per kil ogram body

wei ght pgér daycommsitinn aermpdiag tq deimatlc ohdictthe devenisemempf clains 1 to 37
whi ch provides a dose of G.P-1 receptor ligand and/or gastrin/ CCK receptor
ligand in the range of about 0.1 mcrograns per kil ogram body wei ght per
day to &Bout AlGomipositign aswsonderg ki langr am lddslaimseil ght 2perfotastated 4for A

conposi ti.on.according tq an ne of. clains 1 to.37 whi r.ovi des a dose of
aprs r elBRiERORE Gull < RaRsy «GaSed o e, bt .o (BRI ISPRES Tange of
about 1 trafdcafa@gia FaRBY a kithad@l aninishtabdep@hp; PRftculaéolisopunidR uh if@fodm cr ogr ans
per kil ogram body i ght per day. 45. A conposition according to any one
of cl ai REMP; gnd ag OW\QPﬁﬂﬁesb*r Vi‘es a dose of GLP-1 receptor |igand and/or
gastrin/ CCK receptor ligand in the range of about 10 m crogram per

ki | ogram body wei ght per day to about 10 mlligranms per kil ogram body
wei ght Bér ddycommsitigeacensdisede ayy owr efifaibnd ©f22 famiatedgfor o rante aher ei n t he
medi canahif@hel 8Redd SRS b cbnGi8HEPLL subl AR AN criAR | 1 OCK
receptor [igand 1 n the range of~ about .01 m crograns per 'Kil'ogram body
wei ght peravelzpstapd afopanctéatini | | i grans per kil ogram body wei ght per day.
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3s5. A composition according to any one of claims 1 to 34 for sustained release

wherein at least one of the gastrin/CCK receptor ligand or GLP-1 receptor ligand is'a

sustained release formulation.

36. A composition according to claim 35 wherein the sustained release formulation is

a pegylated formulation or a _multivesicular lipid-based liposome.

37. A composition according to any one of claims I to 36 wherein the gastrin/CCK
receptor ligand and GLP-1 receptor ligand are formulated for administration as a single

combined dose, or separately in any order.

38. Use of a composition according to any one of claims 1 to 37 for the preparation of

a medicament for treating diabetes.

39. Use of a composition according to any one of claims 1 to 37 for the preparation of
a medicament for inducing pancreatic islet neogenesis in a mammal by increasing
proliferation of islet precursor cells in pancreatic tissue and thereby inducing pancreatic
islet neogenesis, or by increasing the number of pancreatic insulin secreting [3 cells in the
mammal.
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40, Use of a composition according to any one of claims 1 to 37 for the preparation of
a medicament for increasing proliferation of pancreatic islet precursor cells i pancreatic

tissue of a mammal.

41. Use of a composition according to any one of claims 1 to 37 for the preparation of
a medicament for expanding and differentiating stem cells into insulin secreting cells in a

diabetic recipient of implanted cells.

42. A composition according to any one of claims 1 to 37 which provides a dose of
GLP-1 receptor ligand and/or gastrin/CCK receptor ligand in the range of about 0.01
micrograms per kilogram body weight per day to about 10 milligrams per kilogram body
weight per day.

43, A composition according to any one of claims 1 to 37 which provides a dose of
GLP-1 receptor ligand and/or gastrin/CCK receptor ligand in the range of about 0.1
micrograms per kilogram body weight per day to about 10 micrograms per kilogram body
weight per day.

44. A composition according to any one of claims 1 to 37 which provides a dose of
GLP-1 receptor ligand and/or gastrin/CCK receptor ligand in the range of about 1
microgram per kilogram body weight per day to about 500 micrograms per kilogram
body weight per day.

45. A composition according to any one of claims 1 to 37 which provides a dose of
GLP-1 receptor ligand and/or gastrin/CCK receptor ligand in the range of about 10
microgram per kilogram body weight per day o about 10 milligrams per kilogram body
-weight per day.

46. Use according to any one of claims 38 to 41 wherein the medicament comprises a
dose of GLP-1 receptor ligand and/or gastrin/CCK receptor ligand in the range of about
0.01 micrograms per kilogram body weight per day to about 10 milligrams per kilogram
body weight per day.
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