WO 03/ 100024 PCT/ US03/ 16660 1 TREATMENT FOR DI ABETES | NTRODUCTION Field
of Invention 5 This invention relates generally to the field of cell

bi ol ogy oWopaneweatic islet precursor cells and net hods fPer/usbs/adond ng
mature islet cells. Mire specifically, this invention relates to directed
differentiation of human stemcells or,other islet precursor cells that
express one or nore marker associated with islet precursor cells to
functional pancreatic (3-cells by providing one or both of a gastrin

receptor |igand and an ECGF r¢ReNTPVIENPPFORDBIABETY St hods for use of the
cells in the treatnment of pancreatic disease, including diabetes nellitus,

in an individual in need thereof. ﬁ‘ﬁdﬁ%ﬁﬁ’oivs exenplified by (a)

provi ding human islet cells in vi%ro wWwth a gastrin receptor ligand to

st i nmul at eFienbof invenggswducti on prior to transplantation of the cells which
optionally are provided with an EGF recePt or ligand to expand, t he nunber
of éells and (B¥sipvsatipnralateysarnbyiehefisld ohgsllitiolgey of pangesaticisieél syst em
for diabe [ ' ' : Lalet.cells and
I vivo t Pead <R AEongtdr BB finEmb LACRR 0, Mo aERARLA ISR 20 R
recept or invergamdelaes po divedted diffetentigticat dfdnah stemdEdls ar othek isket preodesot ¢edis by

the transplanted islet cells Backgr ound .20 Di abetes_is one of the nost
cormon enthBLPPRES PG eLTaE @@k&@S%lﬁeﬁa&ggﬁﬁupﬁ?“&% celligdiagtiopdls. 1 n

addi tion pocidafe ldend Bﬁbrd??'i’dig%%é& RRfofPEdsai fe¥eptdbfa88 AR M EGEFQSEepRir
di abetes 1s huge, exceedi ng O billion pér year in the US alone, and the
pr efal enchkgand and nzdttetds $o1i use @f eaelslint the iraatmeatef pancratihdiscaseyondlodidg by t he

year 2010.. There are two .maj of forns,of di.ahetes litus:..

! Qi Re i I R Rl Rl Blrecie” 1hE FRedi o ok Rl fod by Ehunt s 1 or
5 to 10% ploviiig inaedSisletdsllsi®Nitlonsih 4 Eaﬁl@@ﬁi@élﬁﬁi ligdnBto estidulslé alelies _
mellitus (N whi ch conprises roughly 90% of cases. Type 2 _diabetes is

associ at eprodiqtionipitor Exgansglaatption el sells whick optonalkyashproyfded wathaadiGly

nunbers o i i - cal rj:1y. onset
di abet es Ioef: yﬁqﬁ@%ﬁ%ﬁ%%ﬁwr@%‘%‘%‘S%g@\ﬂfﬁﬁ%&?%g%&%@eﬁw Oagre is a
| osis of i meudel Modet cystérh dor, dighetdsaning@ dohtbonsgibn &€ i tramsplantofdfuniahesiétdetiel | s |
t he pancreas or defective secretiaon or production of insulin. I n N DDV
patients #RAINYAQ Yeagaghtivithenegpopyofagastin rﬁgepaorﬂé’gp%?ﬁ] #t EQE BR5PI%ml

ligand to promote proliferation of and/or insulin production by the transplanted islet cells.

n

Background

20 Diabetes is one of the most common endocrine diseases across all age groups and
populations. In addition to the clinical morbidity and mortality, the economic cost of
diabetes is huge, exceeding $90 billion per year in the US alone, and the prevalence of
diabetes is expected to increase more than two-fold by the year 2010.

There are two major forms of diabetes mellitus: insulin-dependent (Type 1) diabetes

25 mellitus (IDDM) which accounts for 5 to 10% of all cases, and non-insulin-dependent
(Type 2) diabetes melilitus (NIDDM) which comprises roughly 90% of cases. Type 2
diabetes is associated with increasing age however there is a trend of increasing numbers of
young people diagnosed with NIDDM, so-called maturity onset diabetes of the young
(MODY). Inboth Type 1 and Type 2 cases, there is a loss of insulin secretion, either

30 through destruction of the B-cells in the pancreas or defective secretion or production of
insulin. In NIDDM, patients typically begin therapy by following a regimen of an optimal
diet, weight reduction and exercise. Drug therapy is initiated when these measures no

longer provide adequate metabolic control. Initial drug therapy includes sulfonylureas that
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pancreatic endothelium, which also contains pluripotent stem cells that develop into the

20 exocrine pancreas. Teitelman and Lee, Developmental Biology, 121:454-466 (1987); Pictet
and Rutter, Development of the embryonic endocrine pancreas, in Endocrinology,
Handbook of Physiology, ed. R.O. Greep and E.B. Astwood (1972), American
Physiological Society: Washington, D.C., p.25-66. Islet development proceeds through
discrete developmental stages during fetal gestation which are punctuated by dramatic

25 transitions. The initial period is a protodifferentiated state which is characterized by the
commitment of the pluripotent stem cells to the islet cell lineage, as manifested by the
expression of insulin and glucagon by the protodifferentiated cells. These
protodifferentiated cells comprise a population of committed islet precursor cells which
express only low levels of islet specific gene products and lack the cytodifferentiation of

30 mature islet cells. Pictet and Rutter, supra. Around day 16 in mouse gestation, the

protodifferentiated pancreas begins a phase of rapid growth and differentiation

characterized by cytodifferentiation of islet cells and a several hundred fold increase in islet
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20 nesidioblastosis similar to that seen in differentiating fetal islets. Sacchi, et al., Virchows
Archiv B, 48:261-276 (1985); and Heitz et al., Diabetes, 26:632-642 (1977). Further, an
abnormal persistence of pancreatic gastrin has been documented in a case of infantile
nesidioblastosis. Hollande, et al., Gastroenterology, 71:251-262 (1976). However, in
neither observation was a causal relationship established between the nesidioblastosis and

25 gastrin stimulation.

It is therefore of interest to identify agents that stimulate islet cell proliferation
and/or regeneration for use in the treatment of early IDDM and in the prevention of f3-cell

deficiency in NIDDM.

30 Relevant literature
Three growth factors are implicated in the development of the fetal pancreas,

gastrin, transforming growth factor a (TGF-o) and epidermal growth factor (EGF) (Brand
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20 Newgard et al (1997 Jul) Diabetologiz 40 Suppl 2:542-S47.

SUMMARY OF THE INVENTION
Methods and compositions for treating diabetes mellitus or other diseases of the
pancreas in a patient in need thereof are provided in which one or both of a gastrin receptor
25 ligand and an EGF receptor ligand are provided to stimulate islet cell regeneration and/or
neogenesis. The compositions include a population of proliferating pancreatic islet cells
obtained by the method of isolating a population of cells and providing the precursor cells
with one or more pancreatic differentiation agent so that a population of functional
pancreatic islet B-cells is obtained. Optionally, the precursor cells also are provided with
30 one or more cell expansion agent to increase the number of cells in the population, generally
prior to treatment with a differentiation agent. Preferably the population of cells has been

enriched to include a higher percentage of islet precursor cells that express one or more
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DRAW NGS Figure 1 shows the effects of TG--a and gastrin on glucose
tolerance in 20 streptozotocin induced diabetic Wstar rats treated with
PBS (solid black di aernHR)EEIDESCRH?‘iﬂiOMOE)'ﬂH(E‘ DRAWINGSd gastrin i.p.
daily for 10 dﬁé&re(ls Iolvv%i tl?euéf? Ic(t:)s osf %aIJr 8 %nd gastrin on glucose tolerance in
20 streptozotocin induced diabetic Wistar rats treated with PBS (solid black diamonds) or a
combination of TGF-a and gastrin i.p. daily for 10 days (solid purple squares).
Figure 2 shows the effect of TGF-a and gastrin treatment on B-cell neogenesis in
three groups of treated Zucker rats together with the corresponding PBS controls (n = 6 per
group) as described in Example 4. The light blue bar represents lean TFG + gastrin, the
25 magenta bar represents ob TGF + gastrin, the yellow bar represents the ob PBS control, the
dark blue bar represents pre TFG + gastrin and the purple bar represents the lean PBS
control. TGF-a and gastrin significantly increased the relative proportion of single B-cell
foci in all the groups studied as compared to PBS-treated control animals. Groups 4 and 5
are significantly different (p < 0.0015) as are Groups 1 and 2 (p < 0.0041).
30 Figure 3 shows the effect of TGF-a and gastrin treatment on f3-cell neogenesis in

lean and obese Zucker rats. B-cell neogenesis is quantified by differential counting of total

B-cells and newly generated single 3-cell foci and is expressed as a percentage of total 3-
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Figure 4 at treatnent” w decreases fasting bl ood glucose
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E 1 or G cesptienehinsulimthespses in fasting blood glucose levels in NOD mice
1 eeentonsglnh ARGL o8 oEABR o SRRV LR BB SIARST 5.1,
di abet es.blood glucose levels in NOD mice with recent-onset diabetes.
Figure 7 shows that treatment with either E1 or G1 increases pancreatic insulin
content in NOD mice with recent-onset diabetes.
Figure 8 shows the results of EGF/gastrin treatment in diabetic mice. Figure 8A isa
20 set of line graphs showing the results of a glucose tolerance test, the graphs showing on the
ordinate blood glucose (left graph) or plasma human C-peptide (right graph) as a function of
time (up to 120 min.) on the abscissa, in NOD-Scid mice implanted with human islets and
treated with gastrin/EGF (EGF, 30 pg/kg, and gastrin, 1000 pg/kg, solid symbols), or in
control mice receiving vehicle only (open symbols). The right graph shows that
25 gastrin/EGF improves insulin secretory response of human tissue. Figure 8B is a bar graph
showing that the content of human C-peptide in plasma is greater in EGF/gastrin-treated
than in vehicle-treated mice.
Figure 9 is a bar graph showing the insulin content, in pg/ graft, of human islets
implanted in NOD-Scid mice administered EGF-+Gastrin (light gray bar), or vehicle (white
30 bar), or in pre-implantation islets (dark gray bar). The data show that gastri/EGF increases
insulin content of human islets implanted in treated NOD-Scid mice compared to that in

untreated NOD-Scid mice.



Figure 8 shows the results of EG-/gastrin treatnent in diabetic mce.
Figure 8Ais a 20 set of line graphs show ng the results of a glucose
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PDX- 1 expressjon at 8 s fallowing transplantation in human islets
i pl ant ed{r?aie(#\]ﬁ%'? o ) ?éo,rvﬂﬁ”‘%éd ich the nmice were treated with
gastrin/ EGE or Fighteh 3vi€ Bisétl o 1ind graphg MiRvids tHeSesults OF a @fucbid0legdrRp st, SV ng
the results of a glucose tolerance test, with _
blood glucose content (left panel) or plasma human C-peptide (right panel) shown on the
ordinate as a function of time (up to 120 min.) on the abscissa, in NOD-SCID mice
implanted with human islets and treated with low-dose gastrin/EGF (EGF, 30 pg/kg, and
gastrin, 30 pg/kg; square symbols) or with vehicle (round symbols). The data show that

20 gastrin/EGF even at a low dose improves insulin secretory response of human tissue.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The invention provides methods and compositions for treating diabetes mellitus and -
other degenerative pancreatic disorders in a patient in need thereof by providing a
25 gastrin/CCK receptor ligand such a as gastrin, and/or an EGF receptor ligand, such as a
TGF-a or an EGF, or a combination of both in an amount sufficient to effect differentiation
of pancreatic islet precursor cells to mature insulin-secreting cells. When the composition is
administered systemically, generally it is provided by injection, preferably intravenously, in
a physiologically acceptable carrier. When the composition is expressed in situ, pancreatic
30 islet precursor cells are transformed either in ex vivo or in vivo with one or more nucleic
acid expression constructs in an expression vector which provides for expression of the

desired receptor ligand(s) in the pancreatic islet precursor cells. As an example, the
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CK 19.
20 The subject invention offers advantages over existing treatment regimens for
diabetic patients. By providing a means to stimulate adult pancreatic cells to regenerate not
only is the need for traditional drug therapy (Type 2) or insulin therapy (Type 1 and Type 2)
reduced or even eliminated, but the maintenance of normal blood glucose levels also may
reduce some of the more debilitating complications of diabetes. By using one or both of
25 expansion and differentiation of islet tissue or other islet precursor cells prior to or after
transplantation, particularly in conjunction with enrichment of the precursor cell population
to include a larger proportion of islet precursor cells, provides a means to decrease the
number of scarce islets needed for transplantation. Additionally, not only is the variability
of the population of cells used for transplantation decreased by the methods of the subject
30 invention, but there is an increase in the reproducibility of the functional properties of the
transplanted cells. Another advantage of the subject invention is that immune rejection can

be reduced by, for example, xenotransplantation of porcine islets.



required, follow ng expansion ex vivo the popul ati on of precursor
pancreatic a-cells is 15 differentiated in culture prior to inplantation by
cont acti ngotohamoast h at | east a gastrin receptor |igand. PdfratSe®iceexpansi on
and/or differentiation are performed pre or post transplantation, the
cells optionally are enriched prior togtreatnment for those cells that carry
one or nore marker for an islet precursor cell, such as a stemcell or a
ductal cell expressing CK 19. 20 The subject invention offers advantages
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gastrin such as gastrin 3 big gastrin), gastrin 17 (little gastrin), and
gasp, 11 rbethignimel iSee UpRD ]rO/ﬁéyt O4Bapubdualsedecuth;5 df)Obhwlécghsctlomrmsn such as CCK
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and soy bean trypsin inhibitor which increases CCK stimulation.
20 As used herein, the term "EGF receptor ligand" encompasses compounds that
stimulate the EGF receptor such that when gastrin/CCK receptors in the same or adjacent
tissues or in the same individual also are stimulated, neogenesis of insulin-producing
pancreatic islet cells is induced. Stimulation of gastrin/CCK receptors can be directly by
providing a gastrin/CCK receptor ligand, or indirectly, for example by inhibition of stomach
25 acid secretion in vivo by endogenous and/or exogenous factors. Examples of EGF receptor
ligands include EGF1-53, and fragments and active analogs thereof, including EGF1-48,
EGF1-52, EGF1-49. See, for example, USPN 5,434,135. Other analogs of interest include
EGF having an amino acid sequence of length X, X being an integer that is at least 48 and
not more than 53, such sequence (i) being substantially homologous to a portion of the
30 amino acid sequence of human EGF from position 1 to position X-1 of human EGF and (ii)
having at position X an amino acid residue different from that found in human EGF. Of

particular interest is an analog of human EGF, wherein X is 51 and in which the amino acid



differentiation of cells in mature pancreas to forminsulin-secreting islet
cells. O particular interest is a gastrin derivative having a | eucine
substi t utwo oatioesi tion 15 in place of nethionine. See USRN/UR3 /D649 048
publ i shed July 25, 2002, which disclosure is incorporated herein by
reference. Gastrin/CCK receptor |igandg also include conpounds 15 that

i ncrease the secretion of endogenous gastrins, chol ecystokinins or
simlarly active peptides fromsites of tissue storage. Exanples of these
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preferably an EGF such as a substituted EGF-51, either alone or in combination to the
20 individual.

Treatment of diabetes also can be effected by transplantation of purified islets or
pancreatic islet precursor cells into a patient in need thereof. The cells for transplantation
generally are obtained from a donor pancreas or are stem cells, obtained for example from
umbilical cords, embryos or established cultured stem cell lines. The cells may be

25 implanted by a route such as direct injection into an organ, for example, the pancreas, the
kidney or the liver. Alternatively, the cells are administered by intravenous administration,
for example, the cells are administered to the portal vein or the hepatic vein, for example,
by percutaneous transhepatic injection into the portal vein. The cells can be expanded
and/or differentiated into functional islet cells either post-implantation by providing the

30 cells following transplantation or pre-implantation with a gastrin/CCK receptor ligand
and/or an EGF receptor ligand.

If differentiated ex vivo the islet precursor cells, either stem cells or explanted
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expression of a chimeric insulin promoter-gastrin fusion gene construct transgenically
introduced into such precursor cells. In another embodiment EGF receptor ligand
stimulation is effected by expression of an EGF receptor ligand gene transgenically

20 introduced into the mammal. The sequence of the EGF gene is provided in USPN
5,434,135.

In another embodiment stimulation by a gastrin/CCK receptor ligand and an EGF

receptor ligand is effected by coexpression of (i) a preprogastrin peptide precursor gene and
(ii) an EGF receptor ligand gene that have been stably introduced into the mammal.

25 In another aspect the invention relates to a method for effecting the differentiation of
pancreatic islet precursor cells of a mammal by stimulating such cells with a combination of
a gastrin/CCK receptor ligand and an EGF receptor ligand. In a preferred embodiment of
this aspect, gastrin stimulation is effected by expression of a preprogastrin peptide precursor
gene stably introduced into the mammal. The expression is under the control of the insulin

30 promoter. EGF receptor ligand, e.g., TGF-a, stimulation is effected by expression of an

EGF receptor ligand gene transgenically introduced into the mammal. In furtherance of the

above, stimulation by a gastrin and a TGF-a is preferably affected by co-expression of (i) a
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pepti de precursor gene and (ii) an EG- receptor |igand |ntroduce into the
nucleic acid sequence coding for a mammalian EGF receptor ligand, e.g., TGF-a and a

transcriptional regulatory sequence thereof; and (ii) a nucleic acid sequence coding for the
20 preprogastrin peptide precursor and a transcriptional regulatory sequence thereof.
Preferably, the transcriptional regulatory sequence for the EGF receptor ligand is a strong
non-tissue specific promoter, such as a metallothionein promoter. Preferably, the
transcriptional regulatory sequence for the preprogastrin peptide precursor is an insulin
promoter. A preferred form of this embodiment is one wherein the nucleic acid sequence
25 coding for the preprogastrin peptide precursor comprises a polynucleotide sequence
containing introns 1 and 2 and exons 2 and 3 of the human gastrin gene.
Another aspect of the invention relates to a vector including the expression cassette
comprising the preprogastrin peptide precursor coding sequence. This vector can be a
plasmid such as pGem1 or can be a phage which has a transcriptional regulatory sequence
30 including an insulin promoter.
Another aspect of this invention relates to a composition of vectors including (1)

having the nucleic acid sequence coding for a mammalian EGF receptor ligand, e.g., TGF-
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Modes of administration include but are not limited to transdermal, intramuscular,

20 intraperitoneal, intravenous, subcutaneous, intranasal, and oral routes. The compounds can
be administered by any convenient route, for example by infusion or bolus injection by
absorption through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal and
intestinal mucosa, etc.) and can be administered together with other biologically active
agents. Administration is preferably systemic.

25 The present invention also provides pharmaceutical compositions. Such
compositions comprise a therapeutically effective amount of a therapeutic, and a
pharmaceutically acceptable carrier or excipient. Such a carrier includes but is not limited
to saline, buffered saline, dextrose, water, glycerol, ethanol, and combinations thereof. The
formulation should suit the mode of administration. Pharmaceutically acceptable carriers

30 and formulations for use in the present invention are found in Remington’s Pharmaceutical

Sciences, Mack Publishing Company, Philadelphia, PA, 17" ed. (1985), which is
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emulsifying agents, or pH buffering agents. The composition can be a liquid solution,
suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder. The
20 composition can be formulated as a suppository, with traditional binders and carriers such
as triglycerides. Oral formulations can include standard carriers such as pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose,
magnesium carbonate, etc.
In a preferred embodiment, the composition is formulated in accordance with
25 routine procedures such as a pharmaceutical composition adapted for intravenous
administration to human beings. Typically, compositions for intravenous administration are
solutions in sterile isotonic aqueous buffer. Where necessary, the composition also can
include a solubilizing agent and a local anesthetic to ameliorate any pain at the site of the
injection. Generally, the ingredients are supplied either separately or mixed together in unit
30 dosage form, for example, as a dry lyophilized powder or water free concentrate in a

hermetically sealed container such as an ampoule or sachette indicating the quality of active

agent. Where the composition is to be administered by infusion, it can be dispensed with an



Sci ences, Mack Publi shi ng Conpany, Phil adel phia, PA, 17 "h ed. (1985),
which is WD 03/100024 PCT/ US03/ 16660 14 incorporated herein by reference.
For a briwDosavioew of net hods for drug delivery, see Lan@em/ust98dyo Sci ence
249: 1527- 1533, which is incorporated herein by reference. In preparing
pharmaceuti cal conpositions of the present invention, it may be desirable
to nodify the conpositions of the present invention to alter their

phar macoki netics 5 and bi odi stri bution. For a general discussion of

phar ”aco‘ﬂhﬁﬁgh%%tt esc%ﬁtaﬁﬂgé th ﬁnféaaﬁmgﬁaé WG o§§dl§1’3CQ’§her§ jRra, Chapters

37-39. A nunber o altering ar macoki neti1 cs and
bi odi str |dmtp091|nomrseadnnﬂmmcbb)ompcobn andinpanle cleferile watet foe igedtioghSesglire. g.
es of such net hods rn | ude ection of the agents

Langer, supra t
in vesi clcé§beé’b‘rY§X!f§e98 that the Heredifntimay, bymie M@f&fﬁ@nm}s R (for exanpl e,
| i posones),  cafliQhydbafies o Bk ihuBYNEde SrP@L¥ERE ScuthRbr SAARRhE, the

agents of the present I nvention can be incorporated into |iposones in
ordér to lamhametldzalhlerapcqﬁn@himradts lhaledei thesedpandsi widh &ee atmirtd groups such as

char act er i varr t s.are.avai l.abl e for .prepar
| i posorres #H@%‘fﬁ?‘ﬁ‘éﬁ' %hpor‘énghosl’g}rlﬂtﬁ Celif, %ﬁaklf’t C 36 t%@:\?Hé@i{’?)‘:phys
Bi oeng. Yoffidd with fee ERtboxy1gSoupd sddtPastifdse defivePftoridBdiund] péta§é317m028 all of

whi ch are incorporated herein by reference. Various ot her 15 delivery
systens aamempmisincaAeiimend aseer @ivadent eatipnsiipipseryiamaine Heietytaming 2of t he

i nventi on, t}rlylgm?]ogth@ngf gps%} %F&&m@‘e?r ocapsul es and the |ike. The

conpositio SO Cont ain mnor anounts of wetting or

enybsi fyi ng ageftasmount opﬂiemﬂri;&ntxﬂgf@rgeﬁteﬁtloﬁ Waich anpiisitive dmthe aeatheenaof i qui d
solution, suspension, enulsion, tablet ﬁil capsul e, sustai ned reldease

f or mul at | bPATtigHarghsnadst or sardiven Wihdepend peheaitpre of the diserdar o condition, an
supposi t of, ’be‘ﬁ'eltennfn%@gy cﬁﬁﬂg cRhi &éﬂ@g s.CRAE fn%Eﬁe 8&ho b@%mmfea rﬁ:rﬁe' des.

Oral formulations can st an rriers suc as phar eut 1 cal
gr ades offormulaiiérodlso Wit deead os tlar whte amgmasstmmalzamlrtm sgriometistiof thacchar i ne,

cel l ul ose n te, etc err enbodi ment... the
Conposi tl‘B?Fa?%grf‘ﬁ?%‘E? ‘E{Fqioﬁladat@cd&f’lﬁlﬁﬂﬁ‘éc \r/ﬁa ?g %J‘r %10‘8? B@ééfu?@é adch as
a pbhar macgyh befne e GRRAN e ﬁé@weecéurtwle U%?@Yﬁx@@yﬁ)r lﬁmﬁau%t ration to
human beings. Typically, compositions i nlravenous administration are

sol ut i onsadnxinistragran age gesrahi aboatqu@bLmSQﬂerquraw ef @twe@e@pamd per he
fgngﬁ:: ;[ g}ggalmzﬁg;f p‘é{f‘ﬁht l UdEG?I rfse%!pgqllighrzlé nr% & eratlly a'P) utd. 1 & 5’3d00anest hetic
micrograms of active compound per kilogram body weight for a gastrin receptor ligand.
Effective dosages can be extrapolated from dose-response curves derived from in vitro or
20 animal model test systems. Suppositories generally contain active ingredient in the range of
0.5% to 10% weight; oral formulations preferably contain 10% to 95% active ingredient.

In the gene therapy methods of the invention, transfection in vivo is obtained by
introducing a therapeutic transcription or expression vector into the mammalian host, either
as naked DNA, complexed to lipid carriers, particularly cationic lipid carriers, or inserted

25 into a viral vector, for example a recombinant adenovirus. The introduction into the
mammalian host can be by any of several routes, including intravenous or intraperitoneal
injection, intratracheally, intrathecally, parenterally, intraarticularly, intranasally,
intramuscularly, topically, transdermally, application to any mucous membrane surface,
corneal installation, etc. Of particular interest is the introduction of the therapeutic

30 expression vector into a circulating bodily fluid or into a body orifice or cavity. Thus,

intravenous administration and intrathecal administration are of particular interest since the

vector may be widely disseminated following such routes of administration, and aerosol
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either ag.mpked DNA, conplexed to |lipid carriers, particularly cationic
lipid carriers, or inserted 25 into a viral vector, for exanple a

reconbi nant adBmcamouns of feeapewtia wdtor usaiwilltbeoart dvgount sufficient to provide for a

therapeutic level of expression in a target tissue. A therapeutic level of expression is a

20 sufficient amount of expression to decrease blood glucose towards normal levels. In
addition, the dose of the nucleic acid vector used must be sufficient to produce a desired
level of transgene expression in the affected tissues in vivo. Other DNA sequences, such as
adenovirus VA genes can be included in the administration medium and be co-transfected
with the gene of interest. The presence of genes coding for the adenovirus VA gene product

25 may significantly enhance the translation of mRNA transcribed from the expression cassette
if this is desired.

A number of factors can affect the amount of expression in transfected tissue and
thus can be used to modify the level of expression to fit a particular purpose. Where a high
level of expression is desired, all factors can be optimized, where less expression is desired,

30 one or more parameters can be altered so that the desired level of expression is attained.
For example, if high expression would exceed the therapeutic window, then less than

optimum conditions can be used.
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by gradient separation after enzymatic (e.g., collagenase) digestion of the isolated pancreas.
The purified cells are grown in media containing sufficient nutrients to allow for survival of

20 the cells as well as a sufficient amount of a B-cell proliferation inducing composition
containing a gastrin/CCK receptor ligand and EGF receptor ligand, to allow for formation
of insulin secreting pancreatic f3 cells. According to the invention, following stimulation
the insulin secreting pancreatic B cells can be directly expanded in culture prior to being
transplanted into a patient in need thereof, or can be transplanted directly following

25 treatment with B-cell proliferation inducing composition.

Methods of transplantation include transplanting insulin secreting pancreatic f-cells
obtained into a patient in need thereof in combination with immunosuppressive agents, such
as cyclosporine. The insulin producing cells also can be encapsulated in a semi-permeable
membrane prior to transplantation. Such membranes permit insulin secretion from the

30 encapsulated cells while protecting the cells from immune attack. The number of cells to be

transplanted is estimated to be between 10,000 and 20,000 insulin producing f cells per kg
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there is no adverse imrune or other response to the treatnment. The
i nvent i onm&gRsEe pVjie ér&evmatl%%@e@wﬁeﬁméﬁﬁ%ay BOPS IpBHYRY AT BsuHEate
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donor, are i sof grown in vitro. The c are enpl oyed
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cadavers, porcine fetuses or another suitable source of _pancreatic cells.
| f human &e|@ngie ansipgicatigneef tb%glsmfﬂléffi%ey eEihe dreatmentgeypen.
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vector or complexed to lipid carriers. Additionally, lipid carriers can be provided in

separate containers for complexing with the provided DNA. The kits include a composition

20 comprising an effective agent either as concentrates (including lyophilized compositions),
which can be diluted further prior to use or they can be provided at the concentration of use,
where the vials may include one or more dosages. Conveniently, in the kits single dosages
can be provided in sterile vials so that the physician can employ the vials directly, where the
vials will have the desired amount and concentration of agents. When the vials contain the

25 formulation for direct use, usually there will be no need for other reagents for use with the
method. Associated with such kits can be a notice in the form prescribed by a governmental
agency regulating the manufacture, use or sale of pharmaceuticals or biological products,
which notice reflects approval by the agency of manufacture, use or sale for human
administration.

30 The following examples are offered by way of illustration and not by way of

limitation.



20 the cells as well as a sufficient amount of a n-cell proliferation

i nduci ng conposition containing a gastrin/CCK receptor |igand and EGF
recept or woganogo2d¢o allow for formation of insulin secretcmgSoanaseati c (3
cells. According to the invention, followng stinulation the insulin
secreting pancreatic R cells can be difgectly expanded in culture prior to
being transplanted into a patient in need thereof, or can be transplanted
directly following 25 treatnment with a-cell proliferation inducing

conposi tion. Methods of transpl ant agixaamippgsude transpl anting insulin
secreting pancreatic n-cells obtained into a patient in need thereof in
conbi nation with i munosuppressive agents, such as cycl osporine. The
insulin producing cells also can be %ﬂ&ﬁ!ﬁ.ﬁml ated in a sem -perneabl e
menbrane prior to transplantation. Such nmenbranes permt insulin secretion
from the 30 enthpflloategncdbisvokiused wribt ectiyes chorddielav €xapt asmmune

at t ack. Th% nunber, of cells to be transplanted is estimted to be between
10, 000 anBPeBVFO ¥ hsul i n producing (3 cells per kg WO 03/ 100024

PCT/5US03/ 16660 18 of the patient. Repeated transplants nmay be required as
necessary to maintain an effective therapeutic nunber of insulin secreting
cells. The transplant recipient can afrmalsiccording to the invention, be
provided with a sufficient amount of a gastrin/CCK receptor |igand and an
EG- recept or | Ngema Wotar addiZecksr ots ereadllosed abrmvdlehow addipicamt wdhifresul i n
secreting | cells. 5 The effect .of treatment of diabetes _can be, eval uated
25 1 ol | owiceeRgp M AHEE MGFOICHRREHPT Bafo YT OO I WAIRCTARM ty as vel |
as the cl FRkRIgIpré&lafddcaeptodsdeif iph Hadeast80inhg/REB8HPIEight WA adRXiAiIRI&l byl Sease
mani fests itself by increased bl ood sugar, the biol ogical efficacy of the

t r eidt nent L.VhByrefoneuercdaysaermdiaiianod diabetes,dharaty weresgndobd e allepatedrintof r et ur n

of the evaluatged .blood, gl ucose.towards ngr . Th linical efficac i.e.
whet her -t FEPHEh e BE L FHRERGLP FYTHE e Ped DT 48] FEHTVL SEIF IEFRGIMRS « he
cour se of jdii§RE 86 MR oHRIEnED 1§ BOAL AcRordifRa® YheEpredMibrinddielmantuat i on
of the biological efficacy goes a |long way as a surrogate endpoint for the

clinical sheddadyr differenisstudies, eashianimalveceivEduessinglealeily f-pgnigcidon off egther

cxanpl o, TR OrGhv pir G bRE bR Sl o € T Rarast o DrekED
cligi cal E%ﬁ(%f&%@f”orta%ribﬂgﬁm. régi men. 15 The subject conpositions can

be provide s kits for use in one or nore procedures. Kits for genetic
t her apy usual | Temalk NOID ohicelwercHed tinder apeeifid patidigéndmesonditbnssdndhvaredder naked

DNA Wi Eh or v hout, it gehongl Ll ar QP Pl SR NG 2 RE A e N 0B i
NOD diabetic mice were monitored for diabetes development by daily morning testing for
glucosuria starting at 10 weeks of age by FBG. When glucosuria appears, the fasting blood

20 glucose level (FBG) was measured and a FBG > 6.6 mmol/l on two consecutive days was
defined as diabetes. For the recent onset NOD model (Example 7), diabetic mice were
typically selected for use at 14-18 weeks. For the chronic NOD model, diabetic mice were
typically selected for use at 25 weeks of age (FBG levels are typically > 30 mM) (Examples
5 and 6). Treatment for the female NOD-SCID (immunoincompetent sever combined

25 immunodeficient) mice in Examples 8 and 9 were conducted when mice were 5-7 weeks of
age. In Examples 8-9, mice were generally treated for 6-8 weeks, starting from
immediately after transplantation, by administering each a dose of 30ug/kg of human
mutant EGF having 51 amino acid residues, the residue at position 51 being an asparagine
(described in Appln. No. 10/000,840), and 30-1000 pg/kg of human gastrin analog hGastrin

30 1-17Leul$, by intraperitoneal (i.p.) injection twice daily in saline/phosphate buffer.



vector or conplexed to lipid carriers. Additionally, lipid carriers can be
provided in separate containers for conplexing wth the provided DNA. The
kKits inclwoe3aomesnposition 20 conprising an effective agerCTdiSvhedso@s
concentrates (including |yophilized conpositions), which can be diluted
further prior to use or they can be prgovided at the concentration of use,
where the vials may include one or nore dosages. Conveniently, in the kits
singl e dosages can be provided in sterile vials so that the physician can

enploy the vials directly, where thgbogtﬁ+§mynll have the desired anpunt
and concentration of agents. Wen t vials contain the 25 fornul ati on for

direct use, us Y th
the. method. - acgieeall 3 itk ReilRy ARRES BlrelhEL: B SRRTHRA! sy URE i
prescri bethtlayembug Ve sritaidpkitoregleipy ghegsd wldrage tdsewanperfanicdr Bloddse or
sal e of pharnaceutlcals or. bi ol ogi cal products whi ch notice reflects
approval BAMR ?fefr%faé?ﬁélygémﬁ%wqulﬁ@e s avelras samples pollqgifdgat different times

admisni str i
Tt ar 1 Yo infdtfoh. b VXA o P B PR B sBeriBlo b ey 19
EXAMPLES tHVbtpmpd&:d ﬁﬁh&szi}abﬂ MWamgnmmrﬁ)p@tme ﬂcsfelsshyckpemﬁt Ireml@mmmioessag,et

forth bel Qgw except. as erw se nated Nor mal. . W star and Zucker
Lot s vier e EAR RV TG B B GH S ar Ao B RG PROR Bom BREdCreB ot o and
were acclimatized for one week prior to initiation of each study. Freshly
prepared streptozotocin at a dose of 80 liﬂ body wei ght was adm ni stered
by 10 1.V. five to seven days afTissue Insulint Awpiysi§ di abetes, the rats were
randomy allocated into groups for subsequent treatnment. In exanples 1-4,
TGROoa and r at gaﬁtereind ofiegch stt&tyoﬁnstahtmﬂleWerei sacisfieediahé thegrameteasaid Ingnan

cont ai nin ﬁgggA Accordin o,the redeternined treatment schedule for
di f f erent 5?&81 gt dF@ééY da single, daily i.p. injection of
either TG--a sﬁaagmp@iegl“@}&aﬁe&ﬂeﬁ seBéeﬂétlége}P&@MtaW gtétslmfaﬁgmt the padcrbdy W)

conbination (total 8.0 15 or for "a Perlod of 10
tissue and 1mmed1ately snap frozen in liquid nitrogen for 1mmunohlstochemlstry, protein,

and insulin determinations. Snap-frozen pancreatic samples were rapidly thawed, disrupted
15 ultrasonically in deionized water and aliquots taken for protein determination and the
homogenate subjected to acid/ethanol extraction prior to insulin determination by RIA, and
the total pancreatic islet content was calculated.
Human islet grafts were either frozen and extracted to assay insulin content by
immunoassay, or were fixed in formalin for histological analysis. Human islet grafts
20 harvested for analysis were extracted in acid ethanol to assay insulin content by

immunoassay.

Immunohistochemical Analysis

Human islet grafts were harvested and dissociated into cellular preparations that were
immunostained with an antibody specific for each of insulin, glucagon, amylase and

25 cytokeratins (CK) 7 and 19. Immunohistochemical techniques were performed as described
in Suarez-Pinzon WL et al. (Diabetes 49: 1810 — 1818 , 2000). The percent of each of the
different cell types and the insulin content in the grafted tissue and in the cell preparations
were determined by counting stained and coded slides, each slide containing at least 12,000
cells per sample, and a count of each slide performed at least in triplicate, under a bright

30 field microscope using a 100 x immersion oil objective. At least 6,000 cells were counted



Femal e NOD mi ce were fed under specific pathogen-free conditions and cared
for properly in order to obtain 98% i nci dence of diabetes in the untreated
femal e NADOmBaew24 NOD di abetic mce were nonitored for di ®oatEses/deeel opment
by daily norning testing for glucosuria starting at 10 weeks of age by
FBG When gl ucosuria appears, the fastiing bl ood 20 gl ucose | evel (FBG was
nmeasured and a FBG > 6.6 mmol /| on two consecutive days was defined as

di abetes. For the recent onset NOD nodel (Exanple 7), diabetic mce were

t ypi cal | yp&gh@ritfidnf ©1d 48 eowits WérekpeardKks a bHad codeal fashiemivacNEduiRwere

di abetic mce were typically selected for use at 25 weeks of age (FBG

| evel s ar eomtRAsFdEl thy caTespopaife yatuesip thesgratt-cglh greppratippepriordp implantatione f enal e
NCD- SCI D (i nmrunoi nconpetent sever conbi ned 25 i mrunodeficient) mce in
Exanpl es 8 and 9 were conducted when mce were 5-7 weeks of age. In

Exanpl es 8-9, m ce were geHenal [setPrepatadidn bhod I1fpl8ntwgeks, starting from
imedi ately after transplantation, by adm nistering each a dose of 30g/kg
of Buman nut aHlmERIsIdiaWeRCprofaréasdesaitied pr@sotltiefomtpaacreastisdueoBiuni@si ti on
51 being an asparagi ne (described in Appln. No. 10/ 0_0,840}1,. and

30- 1000. t @916k, 8% fQilgsWn Ig)ets pre ipolaigd fion mipa panareggpsobtyiped, weh infgrmed
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(i.v.) or_intraperitoneal (i.p.) glucose tolerance test S rforned.
Blood sa NPTS SR %tt‘_ﬁ%ﬂ%kmf’ﬁg’t‘@sOO@F%PQ{&T&EP%@T‘%E;%% toAiYAR 4D es
col Jpect edgl@‘)%’(‘:élf ﬁéﬁ’s?fan? 8785262 A ®ic FLUE AT §1. i 1ISRG Diftes SMb a3 oWer €

anal yzed for bl ood glucose concentration and were” then prepared for assay
of human i nsul Hnman psigis ivdee tramgplastethynts pendidhietic NQID/miner(R968 3s8etyequiv) hg assay

havi ng negli.gible cross reactivit it h peptide from nouse if required.
Tresue | nQUTHRTA e e KRy cHistee darie TR RuTRa oRTHE R SR
sacri fi cegapRint {DUPINES Adnt BENghidduman i slet graft (if inplanted) renoved
and wei ghed. Smal| biopsies were taken from separate representative sites
t hroughout the pancreas tissue and imedi ately snap-frozen in liquid

ni trogen for i nmunohi stochemni stry, prQJnﬁi)]Q’l and insulin determ nations.
pRUAI R et i Al Lo I

determi nation and the Insulin Content in Normal Rats

This experiment was designed to study the effects on pancreatic insulin content in
non-diabetic animals treated with TGF-a., a gastrin, or a combination of TGF-a and a
20 gastrin as compared to control animals (untreated). Groups (n = 5) of normal Wistar rats

were assigned to one of the following four treatment groups.

Group I: TGF-a: recombinant Human TGF-a was reconstituted in sterile saline
containing 0.1% BSA and was administered i.p. at a dose of 0.8 pg/day for
25 10 days.

Group 1II: Gastrin: synthetic Rat Gastrin I was dissolved in very dilute ammonium
hydroxide and reconstituted in sterile saline containing 0.1% BSA. It was
administered i.p. at a dose of 0.8 pg/day for 10 days.

30
Group III: TGF-a + Gastrin: a combination of the above preparations was administered

i.p. at the dose levels given above for 10 days.



honbgenat e subjected to acid/ethanol extraction prior to insulin

determ nation by RIA and the total pancreatic islet content was

cal cul at ewo oBlunmn4 i sl et grafts were either frozen and ext ragiEsd3i@eassay
insulin content by inmunoassay, or were fixed in formalin for histol ogical
anal ysis. Human islet grafts 20 harvested for analysis were extracted in
acid ethanol to assay insulin content by inmmunoassay. | mmunohi stochem cal
Anal ysis Human islet grafts .were harvested and di ssociated into cellul ar
prepar at i grsuptivat WebgtroliaRimulOfceived an iip.tifljeativradttviehiettyalomeefor 10 dafsor each of
i nsulin, glucagon, anylase and 25 cytokeratins (CK) 7 and 19.

| mmunohi st ochem cal techni ques were perforned as described in

cach of the iy Eeafpr derRTERRe (f aa Rt antfithersieed IRTRBREEER o

ti ssue anphiicreat taken e follomap divabiopag spacimnesdetzeng) ofgendryatcaissits wereshisnned
and coded_slides, each slide contaiq&pg at |east. 12,000 celhsagfr sanpl e,
and’a couflPMFPURERCRIESRE YR SHeSIRaRchpt pangeses ppd immegfiatelyisaap gy ndigsid ght
30 field Hﬁ&g&?ﬁ?gﬁal sit Bﬁing’tllf]rp&ni‘f:n't.Wﬁh?@is%ba&?&a‘ﬁ@%sﬁﬁn cOtchtedrlsngp 000
cells were counted 03/ 100024 PCT/ US03/ 16660 21 per preparation, and the
count s wefrezangpeecreatit sampdesbiéra dapidisl ¢lch wWeds disoptedwiltasoniCallpninsdistdled watempar ed

to the corr ondi values.in the graft-cell preparatjons.prior to

[l ant at {6k HaSpl el 6 Rptei dosermiestion anf g iesianRl RREIOTPIE AT IR et s ver e
prepared AJidARRRhbASEY YA 8US! ¥198B PIdbRRS 3288516065 Ukinbleatid/iiBMin SIAGHS, as

follows. Islets are isolated from human pancreases, obtained with inforned

condent ofalnes vetre esgctéd anepisting to-pdetah aontgahandbiirerly exfiessed asug ivsuhingsg

commttee of the haspital .has ved ti rocurenent .and experi nment al
o1 o ocor spaniseibs BteiRo AT e BRSS meehig Sl ana SeENE] JAmHPSEEaur os
wer e per f giaiRgedasey Studhtts@-dadtphy -6l et al, 10 (1999) Cell transplant
8:285-292, and Ricordi C et al. (1988) D abetes 37:413-420. Human islets
were transpl anted into nondi abetic NOD/ mi ce (2000 islet equiv) by

i npl antati on under the kidney capsul eg aﬂ'¥|qi cally, one human donor pancreas
was used to transplant about 10 to a 2 mce. 15 Exanple | Effects of
I'n ¥ivo Treatnent witTrés#mehtanNobaal Rafd with PEIC6Md Gastrin

Treatment Pancreatic Insulin Content
(ng insulin/mg protein)

Control 20.6+/-6.0

TGF-a 30.4+/-7.4*
Gastrin 51.4+/-14.0**
TGF-a + Gastrin 60.64/-8.7***

* TGF-a vs. control, p = 0.34;
** pastrin vs. control, p = 0.11;
*** combination of TGF-o and gastrin, p = 0.007.

As shown in Table 1, above, pancreatic insulin content was significantly increased
(p =0.007) in the TGF-a + gastrin treated animals as compared to control animals; there
20 was an approximately three-fold increase in pancreatic insulin content as compared to
control animals. These data support the hypothesis that the combination of TFG-a and
gastrin produces an increase in the functional islet $-cell volume. This increase reflects an

overall condition of B-cell hyperplasia (increase in number) rather than B-cell hypertrophy



Insulin Content in Normal Rats This experinment was designed to study the
effects on pancreatic insulin content in non-diabetic aninmals treated with
TGF-a, a wessnow24 or a conbi nation of TG--a and a 20 gast PCa/Be3/o@apar ed to
control animals (untreated). Goups (n =5) of normal Wstar rats were
assigned to one of the follow ng four sgreatnment groups. Goup I: TG a:
reconbi nant Human TGF-a was reconstituted in sterile saline containing
0.1% BSA and was adm nistered i.p. at a dose of 0.8 g/day for 25 10 days.
G oup | :(iker&dsk imsizsyfihAigtdug]l fRRéligastrin | was dissolved in very dilute
amoni um hydroxi de and reconstituted in sterile saline containing 0.1 %
BSA. It was admnistered i.p. at a dose of 0.8 g/day for 10 days. 30 G oup
[1l: TG-a + Gastrin: a conbination B)f(antl gzabove preparati ons was

adm ni stere i, . the dose leve Tlgpﬂ ahave for 10 days, WO 03/100024
PCT/ USO3/ 16M&MM%%%M| on of
vehPcle al one for 10 days. AbsulinContent gy DiakgticAnmalseriog (10 days), all

animal s were sacrificed and sanples of pancreas taken as follows: five
bi opsy speci meheis gxpepinrentyVapflesigned tedeterming whetbenghe sombivatosof Fehosashar at e

representatjve sites in each rat pancreas.a i di I nap .fr in
i d e se Bireatt F el SpsMRCGHIRT i R Gitp2RBoip 812y
pancr eat i gedtddfy tb ieels QBIhPAYable td EhoSe APhorina DAESH- ST EdeAD) lafiinsAP| es wer e
rapi dly thawed, disrupted ultrasonicall & Iin distilled water _and aliquots
taken for prot¥pmaldYisepatatereiMedinsinaleil /- dupeting of S d@rdase oh%q we/ks
insylin i 0l S 1 2 - 890) .
Pafllg r eat i%oqﬂln"gédgfl{wnq@gsn@g%? f %2\%%{5 %gﬁfgrtéé%%tgatgggggiSgﬁaﬁsgé?g protein
cont ent ardddredaiabaticer(p £ 8¢ rédinkd a ifvetibhing Yt redacedrBadll Mmagl AheiSTZ Al |
val ues cal cul ated as nean +/- SEM and statistical significance eval uated
usi ng St usandissoleddmmsdiately before admipistratiomin iqy-geld 8 MMrtrikgeidduiiRgt Thesi ¢ h
-rl)_rc-];; 2i ﬁ;]dan%gltsr\fleqje m&ﬁé}’eﬁ‘a@i‘iy;%@&%&?hlaﬁe&?%& ln'aic%tb%/rglycc{sgrié Bﬁf"l i n/ng
confirmed by non-fasting blood glucose determinations. One week after induction of

15 diabetes, rats were randomly allocated into two groups (n = 6) as follows.

Group I: TGF-a + Gastrin: STZ diabetic rats were treated with a single i.p. injection
of a combination of recombinant human TGF-a and synthetic rat Gastrin 1;
both preparations were administered at a dose of 0.8 pg/day for 10 days.
20
Group II: Control: STZ diabetic rats received an i.p. injection of vehicle alone for 10

days.

At the end of the study period, all animals were sacrificed and samples of pancreas taken

25 and analyzed as described in Example 1; the results are given in Table 2.



Control 20.6+/-6.0 TGF-a 30.4+/-7.4* Gastrin 51.4+4/-14.0** TG--a +
Gastrin 60.6+/-8.7*** * TG--a vs. control, p = 0.34; ** gastrin vs.
control, wo#93Qomi4 *** conbination of TG--a and gastrin, PCEBON660 AS
shown in Table 1, above, pancreatic insulin content was significantly
increased (p = 0.007) in the TG-a + gastrin treated aninmals as conpared
to control aninmals; there 20 was an approxinmately three-fold increase in
pancreatic insulin content as conpared to control aninals. These data
support the hypothesis that the conbifgfjen of TFGa and gastrin produces
an increase in the functional islet (BTe"H vol une. This increase reflects
an overall conditiDreachelt3efStdptbaoredin Rats withi TGF-eased Gastrimmber ) rat her
than n-cell hypertrophy WO 03/ 100024 PCT/ US03/16660 23 (increase in size
of individual R-cells). Exanple 2 EffekangeaticIngulia Gondentrpnt with a

Conbi nation of TGD aTaagtzzastri n on Pancrigadne:lildmgprateém Content in

Di abetic Aninmals This experinment was designed to determ ne whether the
conbi nati on of TG-a_and trin could i ease pancreatic insulin content
in diabetic animals FQP'ir%lp(gg.?cﬁ'?ﬂﬁ)n (STZ)gB%:F%‘it ed) to levels conparable to
those in nornal (”O”Sﬁ;ifzplﬁsr?@f?%m Biiel s Nog ol Wstar rats received a
single I.V. injection of STZ at a ose of 80 ng/Kg 10 body weight. This
dose of STZ was intended to ensure that the study ani rral s Were render ed

di abetic but t t he t ai ned. a nctionin ell. mass. The
TR - % A g Al SRR R vt it o KR
citiic acélﬂtali}}éﬁfd%gree EFH e?@l'yB@ﬁé %fa‘hﬂ”s”@lnﬁ&p‘aéxﬁg \&Q@hbﬁ/sougﬁrs%'a§ft@éﬂsuﬂz' et es

was indicated by ¢ ycosurl a"and confirnmed non-fasti ng bl ood gl ucose
det er m nathecshsy atinealsweekne & ﬁmcmo’rdmg;ﬁmmdwdedﬁscdl mabst es, rats were randomly

allocated into,t ro (h = 6) as foll Gastrin: STZ
di abetic rats %%"?“r‘@ﬁ%&f %iapﬂv‘?aﬂ%‘i %Frgatﬂc ‘ﬁSUIfrh‘foé‘EEt"it SEJ;CGPn%Olconbl nation
of reconbinan;ofufifRafe@danima8 Wag Yk Bfhiofe iRtd (RS fmofndlrats (20.6 + 6.0 mg

insulin/mg protein, see Table 1 above) as a result of destruction of B-cells by the STZ. In

10 STZ animals treated with a combination of TGF-a. and gastrin, the pancreatic insulin
content was more than four-fold that of the animals which received STZ alone, and

statistically the same as that of normal rats (see for example Table 1, above).

Example 3
15 Effects of In Vivo Treatment with TGF-a and Gastrin on IPGTT in
STZ-Induced Diabetic Animals

Two groups (average body weight 103g) of STZ induced diabetic Wistar rats
(n= 6/group) were treated for 10 days with a daily i.p. injection of either a combination of
TGF-o and gastrin or PBS. Fasting blood glucose was determined for all rats on days 0, 6,
20 and 10. In order to establish that this insulin was both secreted and functional, IPGTT tests
were performed. At day 10, intraperitoneal glucose tolerance tests (IPGTT) were performed
following an overnight fast. Blood samples were obtained from the tail vein, before and 30,
60 and 120 minutes after administration of an i.p. glucose injection at a dose of 2 g/kg body
weight. Blood glucose determinations were performed as above. The blood glucose levels
25 were similar in both study groups at time 0 but the TFGa and gastrin treated rats
demonstrated a 50% reduction in blood glucose values (Figure 1), as compared to control

rats at 30, 60, and 120 min. following the i.p. glucose load.



both preparations were adm ni stered at a dose of 0.8 g/day for 10 days. 20
Goup Il: Control: STZ diabetic rats received an i.p. injection of vehicle
al one forwd®s/1cmys. At the end of the study period, all amcraisss/weshe
sacrificed and sanpl es of pancreas taken 25 and analyzed as described in
Exanple 1; the results are given in Tajle 2. WO 03/100024 PCT/ US03/ 16660
24 Table 2 Treatnent of Streptozotocin Rats with TG--a and Gastrin
Pancreatic Insulin Content Treat-mt (p.a Insulin/ng protein) Control
(STZ alone) 6.062.1 STZ plus TG~-a + Gastrin 26.78.9 The induction of

di abetes by STZ was successful and produced a noderate but 5 sustai ned
degree of hyperglycenmi a. Total insul Enaippledi a was not sought so as to
ensure that the studiffens ol GFrceiad Gedrimoh Body Weght@iaibarid r educed ( 3- cel
mass. As shown in Tabl e 2]nsalia\Ghntdnhéh DRbeteeRidne Aniraalsi N content of the
control streptozotocin treated aninmals was | ess than one third that of

norgal rats (2@udkerrals Qeﬂ&”@)btaﬂlﬁlﬁwt Boldags Ma%%@blﬁl’oxmlirabll@ day@pRyeb as a
result of destruction of (3-cells t he In 10 STZ aninmals treated
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| PGTT in STZ I nduced Di abeti.c Animals Two groups (gver e body wej

103g) of derzlopmeatelrbesibhand Qiawf‘sstba/rdeﬁf'é{‘%m(‘&bgd%WE]‘B lp¢esat & ef or 10
dayg with |

gaaPrin opSeEd difbelcelin DAL, Baly B BE BRI B0 SR o FALEA . s
0, 6, 20sigmdicdr@.indrensendeood glueeiedbvals las ttvaparedhicsthe keyalsiimag@amatvhedhlearcr et ed
and functiona | PGTT tests were performed. At day 10, intraperitoneal

gl ucose t&M¥hce tests (I PGIT) were perforned

The study included 5 groups of 5 rats each as described in Table 3. Groups 1 and 2

(lean, non-diabetic) were treated with a TGF-a and gastrin combination or PBS respectively
15 from day 0 to day 10. Groups 3, 4 and 5 included obese, early diabetic Zucker rats,
genotype fa/fa. Group 3 received a combination pretreatment for 15 days (day -15 to day 0)
prior to onset of diabetes and continuing post onset of diabetes for 10 additional days (day 0
to day 10). Group 4 was treated with a combination of TGF-a and gastrin for 10 days after
onset of diabetes and Group 5 was treated with PBS over the same time period. At the end
20 of the study, the rats were sacrificed and the pancreas removed. Small biopsies were taken
from separate representative sites for protein and insulin determinations as described above.
The body weight gain in obese diabetic Zucker rats with pretreatment, treatment
only or with saline (groups 3, 4, and 5 in Table 3) did not show any significant differences
among the groups. It is interesting to note that even prolonged treatment (25 days, group 3)
25 with TGF-a + gastrin was without effect on normal weight gain. Within error limits body
weight gain was identical in all the groups.
The effect of TGF-o + gastrin treatment on fasting blood glucose in the obese
Zucker rats was compared to the corresponding PBS controls. Fasting blood glucose was
first significantly increased by day 15 (4.0 £ 0.6 vs. 5.0 £ 0.2) and this time point was
30 chosen as the starting time for the 10-day treatment period with TGF-a + gastrin or with
PBS control. Fasting blood glucose levels were not significantly altered by the TGF-o +

gastrin treatment or by PBS. Fasting blood glucose values were lower in lean, as compared



foll ow ng an overnight fast. Blood sanples were obtained fromthe tai

vein, before and 30, 60 and 120 mnutes after admnistration of an i.p.

gl ucose iwpastivood at a dose of 2 g/ kg body weight. Bl oodPgruseses66o
determ nati ons were perfornmed as above. The bl ood glucose levels 25 were
simlar in both study groups at tine Gebut the TFGa and gastrin treated
rats denonstrated a 50% reduction in blood glucose values (Figure 1), as
conpared to control rats at 30, 60, and 120 min. following the i.p.

gl ucose | wasbesd/MRiM3lk WHeed oPEok/thisOBért GizaRd wAth tha growtk faktdrs bewith PBS. TG a
and Gastrin on Body Weight Gain_and Insulin gbntent in D abetes Prone
Animals 5 Qﬁﬁﬁﬁwt?QF§hW%?é‘Bﬁ@%ﬁrkﬁpﬁﬁan§6“$§9 of age approximately 10-15
days prior to ‘devel opnent of obesity. Besides the di abetes prone Zucker
rats (genotype fa/fa, autosomal recessive nmutation for obesity and

di abetes), |l ean non-diabetic littermates (genotype +/+) also were included
in the study as described below. The rats were nonitored daily for

devel opnent of obesity and di abetes by determ ni ng body wei ght and bl ood
gl ucose. The 10 onset of diabetes in Zucker rats usually started between
days 45-50 and was confirnmed by a significant increase in blood gl ucose

| evel s, as conpared to the levels in age-matched | ean controls. The study
included 5 groups of 5 rats each as described in Table 3. Goups 1 and 2
(lean, non-diabetic) were treated with a TGF-a and gastrin conbinati on or
PBS respectively 15 fromday O to day 10. Goups 3, 4 and 5 incl uded
obese, early diabetic Zucker rats, genotype fa/fa. Goup 3 received a
conbi nation pretreatnment for 15 days (day -15 to day 0) prior to onset of
di abet es and continui ng post onset of diabetes for 10 additional days (day
O to day 10). Goup 4 was treated with a conbination of TG--a and gastrin
for 10 days after onset of diabetes and G oup 5 was treated with PBS over
the sane tinme period. At the end 20 of the study, the rats were sacrificed
and the pancreas renoved. Snall biopsies were taken from separate
representative sites for protein and insulin determ nations as descri bed
above. The body weight gain in obese diabetic Zucker rats with
pretreatnment, treatnment only or with saline (groups 3, 4, and 5 in Table 3)
did not show any significant differences anong the groups. It is
interesting to note that even prolonged treatnent (25 days, group 3)



25 with TGF-a + gastrin was without effect on normal weight gain. Wthin
error limts body weight gain was identical in all the groups. The effect
of TGF-a wogagbee. treatment on fasting bl ood gl ucose in trha/ushas@eo Zucker
rats was conpared to the correspondi ng PBS controls. Fasting bl ood gl ucose
was first significantly increased by gay 15 (4.0 0.6 vs. 5.0 0.2) and
this time point was 30 chosen as the starting time for the 10-day treatnent
period with TGF-a + gastrin or with PBS control. Fasting bl ood gl ucose

| evel s were not significantly altered by the TG--a + gastrin treatnent or
by PBS. Fasting bl ood glucose values were |ower in | ean, as conpared WO
03/ 100024 PCT/ US03/ 16660 26 to obese ani mals whether or not they were
treated with the growth factors or wih PBS.c, These reesults are shown in
Table 3, below, and Figure 2. WO &/ #0023 PET/TWSQ3/ 1660 27 rn v, o M +1
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0) y ++ it WO 03/100024 PCT/US03/ 16660 28 Exanple 5 Dose-Dependent
Effects of In Vivo Treatnent with Gastrin on Fasting Bl ood 3 ucose in NOD
M ce wi t hwOhsamioe4 | nsul i n- Dependent Di abetes The pur pose Paff/tSos/$6660
experinment was to determ ne whether a gastrin alone can 5 prevent

devel opment of severe hyperglycem a ang death in NOD mce with chronic

I nsul i n-dependent di abetes. NOD mce with chronic insulin-dependent

di abetes and nmintained on insulin therapy were distributed into different
treatment groups treated with: (i) gehhslks (n = 4); (ii) G1 1 gg/kg/day,
given i.p. podkGRpdfdeny BBt oft: Fi08 TAAuHaM Svith GAdtlin of Fdsting F6SOGARYse i@ VN
P tance darty (i = Rop MiesubHond intdinCokpditichODELARY, 10 a1 ven | b,
twice daily (n = 4) fo . S stopped 14 days after
conmencenent o M . | S trd hat is the
same length agh{ %@%%S%@WS%&{ ﬁi‘err]l t % goc% eer;rérﬁ{&g%ﬁ%aﬁ arsgtrglr%’ ng aEe] am no

aci d chanpevait deadopmen of 3&vefd Iypergticehmia hedideally MM OBYMde dthdthyonld, where
the animal s were maintained on_insulin therapy, . 15 fasti bl ood gl ucose
(FBG | evBsuli-depegfentdiabsieseNOLymisgo¥ith @ﬁaﬁllﬁé‘aﬁu}sp@g@e@sﬂq fﬂ%@ress andecor ded at

day 0 exc . ' | xhi bited
a decr eas@gl}nrt]ég%jém%ts Qggtg/wrf@ G}%ﬂ@cﬂg\ﬁﬂghﬂgg éjg?géfﬁ%élg?ség%ﬁngﬁ% 8;9@?%{% I n

t her apy, with: @nvelidls (n ¥ A); t(heGV é higttgédayr, given dp etevider damhy di aydtforc2 &detysaci dosi s
(DKA) since all_these mce were. c | etel.y. d ndent L nsul in

(ol bt ond BovclslfE it eite b s PTG ZLaevat G5! hAEHEIEYs nsul i n
tregt ment gifeh 1% t\&ﬁ’&@,ﬂy%ﬁsu}) At 13 @96 HsUGPBRrApGWRlsStdpBEd 14 8ystafeat ed  with
1 g/ kg/ day of remai ned el evated but there was a correspondi ng decrease
of fastieqnibeecsthegt olcloesemenswathsGiv G 1§ mdY eagistign engdeg bat isthe saBieand 10

g9/ kg/ day espectivel y).. See Figur .. These. dat.a _shqw t hat . treat ment
ot h gact 1R B e ekt Fofsshlsl Sqttains 8 S5l BB 300 piniRiet PRARYLE o
i nsulin t herapymettd l&throni cally diabetic 25 insulin-dependent NOD mi ce.
Exampl e 6

From day 0 to day 14, where the animals were maintained on insulin therapy,

15 fasting blood glucose (FBG) levels for all treatment groups remained close to levels
recorded at day 0 except for the group treated with 10 ng/kg/day of G1 which exhibited
a decrease in FBG. At day 28, 14 days after the cessation of insulin therapy, all animals
in the vehicle group died from diabetic ketoacidosis (DKA) since all these mice were
completely dependent on insulin injections. However all mice treated with G1 survived

20 without insulin treatment for 2 weeks. Fasting blood glucose levels for mice treated
with 1 pg/kg/day of G1 remained elevated but there was a corresponding decrease of
fasting blood glucose levels with increasing dose of G1 (5 and 10 pg/kg/day,
respectively). See Figure 4. These data show that treatment with gastrin significantly
improves glucose control, without the use of insulin therapy, in chronically diabetic

25 insulin-dependent NOD mice.

Example 6

Dose-Dependent Effects of /n Vivo Treatment with EGF on Fasting Blood Glucose in NOD
Mice with Chronic Insulin-Dependent Diabetes

30 The purpose of this experiment is to determine whether an EGF can prevent
development of severe hyperglycemia and death and can increase pancreatic insulin
content in NOD mice with chronic insulin-dependent diabetes. NOD mice with chronic

insulin-dependent diabetes and maintained on insulin therapy were distributed into



Dose- Dependent Effects of In Vivo Treatnment with EGF on Fasting Bl ood

G ucose in NOD Mce with Chronic Insulin-Dependent D abetes 30 The purpose
of this ewpasiin®2d is to determ ne whether an EGF can prewemtusosiessed opnment
of severe hyperglycem a and death and can i ncrease pancreatic insulin
content in NOD mce with chronic insuljygn-dependent diabetes. NOD mce with
chronic insulin-dependent diabetes and nai ntained on insulin therapy were
distributed into WD 03/100024 PCT/US03/16660 29 different treatnent groups
treated wWiifrenf irdatemt ggb s(tfkatedlb)uh (@) vehible (8 ~28; (ih) @1KO2 T@yke/day, @iveni -

twce daily (n = 4) for (i) E I g/kg/day, given i.p. twc e
daily (n . 4yice gpily G8= dhfas, 28((%1&/; (H) E3 lgggfkfgﬁ%gwegﬂ%wwe @allyt(w—c"é fgmily (n

= 4) f f
of "t eat neniSa T S HEAR LD ORS . 102 SHAPREC AT r 28RS ST RRRRICETET
day 14, whet=Roife 'ankimlSerwemenemaemémiof adataieni withiEil n Bl hes abymmofaa:‘sd ing

bl ood gI ucose (FBG) | evels for all groups treated with El denonstrated a
dosé- dep@ﬁﬁéﬁ%oﬁecrease At day 28, 14 days after the cessation of insulin

therapy, all @h@ﬁ fola ghaowﬁ@e%eear% vae(iié gmftehf? Sl ABEH ther OaCi dosi s

(DKA) since al wer e corrp epen ent on 1 nsu

i nj ect i onfastingbloohgluess (FBGI) ldNED for aibgmupzaﬂrmﬂedmttltnEllalemsnstmnte\deddom{ hout
insulinl for 2 tlon t he decreas |nFGfor t he
El-treate P@P@bgeﬂfmu ?%é&)f‘aé?afeé\}]éq EsHhon g ﬁ‘\%ﬁ’ prior except
for the gfiQUR iA f}ﬁ%ﬁféle"%t}p @reaffrdﬁ‘ siabdRYkeRactdosis (DWA) Gihck Qﬂftﬂzeggmﬁ&rm' ned

el evated at day 28. See Figure 5. These data show that treatnent wth EG-
Si gt fi caweﬂewonmdyésp@ldg@tmnssﬁmomnctMS Imiartitast all O gucedfeatadsith n

t her apy, chroni ¢ di,abet | I|n depe le 7
i ects of s MAtuifa piurBie ot B Zasdit RER R o E BT

d ucose apgd Elaeea%@rg%lq;%tremainea sehdy £06etdbservedNBIRD Weele pHok BxddpcintheOnset
D abetes The purpose of this experinent was to determ ne whether either a

gastrin ogrodp tregesEwith @ whg/ﬂ%p%liﬂemdvla%the&% Fanaingstrlevatedaodan?ée with
recent on St et ni tored
for di abe Flgﬁr\%gl g%ré}%e %M?} g‘?@?ﬁtéégb é{'ﬁ] lcose, @%@12 ngﬁ geenﬁ&igo After
di alset es mt,,mmonahwseof in@dinettlerapy, hn chronlcally diabetic insulin- dependent

NOD mice.

Example 7
Effects of an /n Vivo Treatment with Gastrin or EGF on Fasting Blood Glucose and

20 Pancreatic Insulin Content in NOD Mice with Recent Onset Diabetes

The purpose of this experiment was to determine whether either a gastrin or an
EGF alone can improve diabetic conditions in NOD mice with recent onset diabetes.
Non-obese diabetic (NOD) female mice were monitored for diabetes development
(fasting blood glucose, FBG > 6.6 mmol/l). After diabetes onset, mice were treated with
25 (i) vehicle (n = 4), (ii) E1 1 pg/kg/day, given i.p. once daily (n = 5) for 14 days, (iii) G1
1 pug/kg/day, given i.p. once daily (n = 5) for 14 days. Mice did not receive insulin-
replacement treatment. Fasting blood glucose levels and pancreatic insulin levels were
monitored. E1is a 51 amino acid EGF analog whereas G1 is a gastrin analog that is the
same length as the native gastrin but contains a single amino acid change at position 15.
30 In the vehicle-treated control animals, fasting blood glucose (FBG) levels were
doubled after 35 days. FBG levels of animals treated with either E1 or G1 remained close

to values recorded at diabetes onset (day 0), in spite of ongoing destruction of islet cells in



25 (i) vehicle (n =4), (ii) E | g/kg/day, given i.p. once daily (n = 5)
for 14 days, (iii) & | g/kg/day, given i.p. once daily (n =5) for 14
days. M cwodidowwes receive insulin- replacenent treatnent PCFAsSO3/ng6bl ood

gl ucose | evel s and pancreatic insulin levels were nonitored. El1 is a 51
am no acid EGF anal og whereas Gl is aggastrin analog that is the sane

| ength as the native gastrin but contains a single amno acid change at
position 15. 30 In the vehicle-treated control aninmals, fasting bl ood

gl ucose (fHBGhith&RbEe] WVBIR celt RadbRstisXitinfiNaté®b e BGF. orfpBSirih @y dlesesf leadti mal s
treated with either E1 or Gl renmmined close to values recorded at diabetes
onset ( dagen@ensdtes thp dessrugtionalibessgetlesteedigirer. drn¢reatia ingdin levelpalyd
03/100024_ PCT/ US03/, 16 . thi i.mal,. : I nesi s
stinmul at e‘ﬁerﬁﬁn %%L—r%%gh %lgg?lfn%%' 5??1 mfsrﬁ%&vlg?%}mﬁg‘geg% foré’?ﬁ%gfghtg%tegscgﬁﬁgﬁdest ruction
of these @gldased fbelay Bbdué & destrRAldarERLdells,i wisditdsnirgaietrated sah ewherek ingrasur ed
inall animals. Pancreatic insulin |levels for vehicle-treated controls

decPeasedChexkibijedsenifigantly cdrystef develof rencrgatieinswin lgyels weeompariaen ©© e eat ed
Wth eit rﬁ%trgtmﬁﬁt \54'1@5 .féé@'l%]ré 8d THis3id: o%ﬁﬂ)tnht}‘atg R4 §fdr BURL l‘f)(flags) of
pancreati'c insulin levels in conmparison to the pretreatnent val ués. See
Fi gur e 8. trebtinsntstitidyitice B s (G atftesrec tidttonset i diabeteo iy SO Dk ke dary 8icreate

treatnent with either E1 or G 1 after re,cen% onset of . diahete ir} NOD mi ce
can i ncr SIErCAPGHER ¢ortent aad, preNents REOSHSSIQR g Bﬁag?}éﬁﬂ"é‘dﬁ’r"% ‘Eé’éf%ﬁ of

di abeti ¢ Gondi,fkOMerabhis @bpgegast 3 weeks after therapy is stopped. 10
Exanpl e 8 Characterization of Human Islet Gafts Transplanted to M ce and
Trdated In Vivo with a Gastrin and an EGF M ce were transplanted with
human islets (2000 islet equival ent) undei the 15 kidney capsule and were
admi ni stered 1.5, o/ kg of . gl 240D

:  \VEoaseaohyp l.ycem ¢ stimulys. Blood
sanpl es were t ak@APGHRHZGANOI LU FC, rafts Tz .’-‘-:" Iy show

\CTIZ

(Figure 8A) that the bl ood §ilix@ydthaGastun and apkEGE; me courses were sinilar

in the EGF/gastrin mce and the vehicle treated m ce. However, in response

to the same hyper gl Méenvere sapsplanted with Ramanrisgts (20P0 rlstsavivelsaty indrs thee| eased

in Rl asna,. A=t | 11C t byes Lol er
e i
respect i vBlopd saaplekwgte takerBahdarde 88pyed asdiesattied gboveatTherdatat sirowt (Figmse

effective_in sti atin o o L
8A) that t gﬂélood gl\(I:]cose concentration time courses were similar in the EGF/gastrin mice

and the vehicle treated mice. However, in response to the same hyperglycemic stimulus,
the amount of human C-peptide released in plasma of EGF/gastrin-treated mice was more

20 than five-fold greater than in plasma of vehicle-treated mice (9.2 and 1.8 nmoles/L/min,
respectively; see Figures 8A and 8B), indicating that treatment was effective in stimulating
insulin synthesis in the transplanted human islet. These data also show that the functional
mass of transplanted human f3 cells was significantly greater in the gastrin/EGF treated mice
as compared to the vehicle treated controls.

25 The insulin content of the human islet grafts was analyzed at 8 weeks post-
implantation. Treatment with gastrin/EGF significantly increased the insulin content (2.42
+0.28 pg per graft), as compared to the insulin content in islet grafts of mice treated with
vehicle (1.34 £0.21 pg per graft, p> 0.02; Figure 9) or to pre-implantation islets (less than
0.7 pg insulin per graft).

30 Immunocytochemical examination of the human islet grafts showed that
gastrin/EGF treatment increased the percentage of B-cells observed in islet grafts (29.7

+1.2%), as compared to the percentage of B cells in islet grafts in mice treated with vehicle



insulin synthesis in the transplanted human islet. These data al so show
that the functional mass of transplanted human (3 cells was significantly
greater iwotohaomastrin/ EGF treated mce as conpared to tRreTashs/tdoeo treat ed
controls. 25 The insulin content of the human islet grafts was analyzed at
8 weeks post- inplantation. Treatment sMth gastrin/EG- significantly

i ncreased the insulin content (2.42 03 28 gg per graft), as conpared to the
insulin content in islet grafts of mce treated with vehicle (1.34 0.21 gg
per graf FQ9F6>+102‘92 i Ffeglglge}l'gé totAl rﬁxﬂab@{ﬁfn[% 9@15%&@1’%@& th@%ﬁtﬁ% floh£ss than 0.7
tg insulin per ? mrunocyt ocheni cal exam nation of the human isl et
grafts s hE@B@aitﬂﬁ&reat@@ﬁiléd @/ £66.2 x echtprediks) was:alaasgﬁhf chlypgeaenthagthaof
13-cells observed in islet grafts (29.7 1.2%, as conpared to the

per cent agebsefved 3 grefts ﬁonthhsdl@treégwhm!@ (R 1% 19r%&?1é5d fﬁﬂ%lWlS/@ﬁﬂlé¢aé0V\D

03/ 100024 PCT/.US03/ 1666 1.2 ure 10). The tgtal er of 'R
cell's obsBPUSFES ‘ieHé“bg’ﬁfgf%ﬁsf a«e@ﬁ%’f A %ﬁiwsiﬁs Sgmpared 1o 1 G 5 % 106
P-cgll's) pes RhtR t?éagara'Jﬂceare{féayecﬂernqa&%asetlﬂB&htm@f,ercé}h%ﬁa wRhunibeBb RIS f rom
vehicle treated mce (2.6 0. 6 (3-cells). Analysis ofrﬁ%%uca gon

expr essi ngp raspoesd to gastrln/fFéEthraa‘tmsmf(ﬂ"@hhegas Funthfle@FpIQPem@obf ¥ staigingonpar ed

to the gr from Ietr eal increa both the
per cent a "ﬂg lﬂ(ifﬁ;bsg ééﬁ‘&ﬁ:ﬁfep‘?agécﬁ%‘ﬁﬁ%erhm Jaser ?_ﬁnlt:.aa_nc?é ? )r%(e)nt

(Tabl e 4) dudruéltshes thohﬁlﬂ tO EORpride Dpre@irsdepbBulation HanGivedisd toGgetl cellé d@igased
in the gastrin/EG- treated grafts. This is si 8n| ficant since CKI 9/20 duct

cells ar elStf?thj;ﬁtleS!SdCtmﬁle el 220 le Dligbstns 486l 80i emyende gidell rise to

|sI t cel n S } i

20:0671- 8 ranggw’hm\’) bﬁd o’ R, Bgnlcgansp ?’at%/tmﬁ“&la%@%%ESB%%%Q.
Panc reat i Garloukl§testirage® o Beaahmupm&pﬁfth tonesthird to€ theatetal sells i an istets Tybledt | mat ed
to be about one-fifth to one-third of the total cells in an islet., Table 4

al so i || udse Hivstsatesthat ypos dreptneeat wathe st Bk SanposiieraiheRsrss8@EE Pbn, t he
per cent aggycOf fied c]@ﬂQHcﬁé a8 {Fdth ot 3840, [ SLAROH! dur Bty Rt O about

84% due prinmari Increase In the percents of (3 and a secreting
celI's, i nfhcratd 1nghd;bm&erg58@ftﬁ and deSkerttirgadeli® nhdidBingtthangasttie EGH fréatmentt | at i on

of stemcells in the islets |nt0|nsu{1|n secretl g cells. npared to the
pr €idnpl anttiRylatgs ﬂ@feéﬁcnélat‘?iyo%st%éklés 13RS efsrla??slﬁ"f Sﬁ?‘ieﬂﬂgf re was a

decrease in the 8 pAGHPRANtEBh ifeth b %&k@%ﬁw ﬂrzﬂ{sFQE tafOS eRNWE] £
treated mce. %E}graﬂo, t he cgl acorrpoem t| on 1 n the gas n/ EG-F grafts show
a shift tdewseadsin thé eamber of acinar cells in both gastrin/EGF and vehicle treated mice.

Overall, the cell composition in the gastrin/EGF grafts show a shift towards islet

differentiation (62% islet and CK19 cells) compared to the vehicle treated (26%) and the

20 pre-implantation tissue (20%).



differentiation (62%islet and CK19 cells) conpared to the vehicle treated
(2699 and the 20 pre-inplantation tissue (20% . WD 03/100024

PCT/ USO3/w6688Q00032 QN UNNpoW 00 TL- Oc y Z ViPCCAUW316660b y V N
yL ON OOM'ON pz EyM OO NONUO~ ON VNOOONMCc} uo
ou cri au. a- I~r aNR3iii a N3 NNNOO 00 WO 03/100024

PCT/ US03/ 16660 33 Treatnent with gastrin/EG- i nduced increases in

i nsulin-positive (3-cells in human
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islets inplanted in NOD-SCID mice. In Figure 11, the upper panels (data
fromcells from an intact islet graft) show that insulin-staining (3-cells
were norewalanomm in a human islet 5 graft fruiri a nousecadrsosiiabter ed
gastrin/ EGF therapy, than froma nouse adm ni stered vehicle. The | ower
panels (data fromisolated islet graftsscells) show that the nunber of
insulin-staining cells detected by i munoperoxi dase was nmuch greater in a
di ssociated cell preparation froma human islet graft harvested froma

t t ed
Treatment of e i BHRRE @0 mdECaPALEG e fy Aolifibonfre peatinidae, 10
the anpuiletdimplant@t 1lﬁeiODc8CImrnﬁj&t |IﬂF1gusé el tlﬁe&;ppeepdmls (dhta fromi &ells fhoeh ng

precursor transcription factor PDX1 in n islet cells (Figures 12 and
13). Thi sarpwéﬁcas}?tga%é%%ﬂ@mshlén Sﬁ@@%&&&? WElR P Abiiant in %E‘Ht?ﬂkgl@‘ene |
(PO 1), Langflh b Housladifiitabd PRRIBBFARLLGy, HIRMRLRR IR addlinigel el
funéti on, an I't regulates 1 nsufin gene expréssion. 15 Col ocalization of
PDX1 and veisele.i Thehoweepaiets(damsran solaxabisle guft calis)showrthat theumtnhber of gur es.
These data denonstrate that ﬁgﬁaét“ n/ EG- i.nduces PDX1l ex res%l on.. éza:[gI

i ncr easesMSEE-BRNNESY § dFtRCtRd) R% HnmuneResoXidase 3138 Sioh #raed isedssofided el anpl e
9 20 Adm piesihabd RBmAf hunadnd¥eQR8R hafvesiad fohi MblseStdafadl witie sasIBGF@E3 Cel |
Gowth in d afts of Human Tissue, and Inproves Insulin-Secretory Response
Simlar t@ommecbm‘@hmlfegeﬁﬁ@mpuae 8 supra, NOD-SCID mice were treated for

six_. weeks wth ejther.vehicle o se._of [J (EGF 30

g/ k18/ day, and ?beéé??q?ﬂfmfﬁ ‘6‘}%‘?558%5? of gng%exéncéﬁasee%gﬁpmss ragghrl toneal in
a single giablint ofl@srker ek }Sdﬂﬁltlaﬂﬁld‘[ StdlisNths eedtiedr Ok ing PREdueses eran@aptiored. Af t er
adm nistration of 1.5 g/k | V. glucose as_a hyperglycem c stinmulus, only

a sl i ght factas PEenaruman uﬁmsas gﬁla@rsg& el BParddes masinbsaeadsdgyithe ni ce
treated ) venent
i the. i neitrerREEAd LR Hoe OO Eachd)l PEBETY W eI Ob I G P S

gr eat er r édvedspenent ammﬂc&}ﬁnﬁatdrﬂendnr@uMemmﬁﬂm(gengasmeésﬁdrEG: treated m ce
as conpared to _that of vethI e-treated even at. a

| as .
| owsr dose of ga@e?lraatlorgag?ﬁ?ﬁ/ae@mw %amfe%ﬂow‘&%ﬂq%osﬁﬁﬁrva 3SR etk i n

the ins uh%ﬁ‘re§ ephat QY deRORARSENMSS gdshfyBUFBRics! BHXTeRbleSsio D ORELRRE24
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B-cell mass in human islets implanted in NOD-SCID mice.

Example 9
20 Administration of a Low Dose of Gastrin/EGF Stimulates Human 8 Cell Growth in Grafts

of Human Tissue, and Improves Insulin-Secretory Response

Similar to the procedures Example 8 supra, NOD-SCID mice were treated for six
weeks with either vehicle or with a low dose of gastrin/EGF (EGF, 30 pg/kg/day, and
gastrin, 30 pg/kg/day, for 6 weeks given i.intraperitoneal in a single daily dose) and the

25 insulin-secretory response measured.

After administration of 1.5 g/kg of IV glucose as a hyperglycemic stimulus, only a
slight improvement in blood glucose tolerance was observed in mice treated with
gastrin/EGF (Figure 13). However, a significant improvement in the insulin-secretory
response was observed, as evidenced by the greater release of human C-peptide in plasma

30 of gastrin/EGF-treated mice as compared to that in plasma of vehicle-treated mice. Thus,
even at a lower dose of gastrin, gastrin/EGF treatment results in an improvement in the

insulin-secretory response of the human islet grafts.



Exanple 10 Inplantation and Differentiation of Human Stem Cells into
Insulin Secreting Cells The purpose of this experinent is to determ ne
whet her swomsaalobs, for exanple from established cells |ipagaiSosndshd i cal
chords, or enbryos, can be used in thereof pancreatic islet 5 grafts for
inplantation into diabetic patients, apd differentiation into
insulin-secretory cells by treatnment with gastrin/EG-. Stemcells from
cell lines, or fromunbilical cords are obtained froma closely related
neonatal individual (child, cousin, mi@gfe 0 nephew) and inplanted into

each of a ”‘I&_ﬁgﬁﬁta%n JH&’Eﬁ?erQ"tPa%ﬁ 'oFHH%h%’EEn?Ceili‘m?o frishifd Séctr@cf% bQR of this
exanpl e, stemcells are nmpl ant ed under ney capsule as In Exanple
1. Qher met hoﬁlﬁ? glirpbgg)clfqﬁlts %;(#)eq'[}nérﬁ' 14 t%tﬁ{er’mlnte%f]}?ettﬂ ?Ql%nf &(flls %g)%)aanglsle fg]om

adm ni stration epatic veinm

reci pi ent Sstajhehefdafeﬂﬁdnei bmbjirkl eokds, bﬂcﬁaqbb,gamb@um‘u ih @&el: pf picseakieishg
adm ni stered a dose of stemcells equival ent to about the nunber of stem

cel Bs in &B8sforamplagiagien lr(taﬁ&!eﬁtlemaﬁee@b pnd) ditfergnbigiinm Intognudingesretos 6els 108
cells), about 2 x 108 15 cells), in about 500 islets
(about 10@y ?ﬁtesltwl ng%E%HFG%OOO islets (about 2 x109 cells), or in about
2000 i sl et s (aBweut cells fib@Dceaiklines) or fusn nmbilivel sirésare ebtairedritans clokelgn i sl et

R I I T T T e

reci pi ent n@hedRfiT§pd Pab&alc shivheeth 4 NP iterafiOMbT s SRR, Et@m%ﬁérhx‘%m y 20
vehicle (salinel/p osphate buffer) is adm nistered, and a treatnent group.

Al 110pat i empartedundgr mxm@mame 2B Bxenple hi Othsyinethods af mdantmoman later al

consent f to, be of.a.tria hey may receive
a pl aceboRer %ns l?gﬁfm IBISBatI’ ép Z?r eé(gmgle ;?188?]3211 ﬁ%aﬁlc VFI& ocol for a
dose of a gast Gr@{pEGFr@m%pﬂelf&medah@tgatl&tglmCﬂfgr@%mlplmdbel«ﬁ@out 100
g/ kg of hGastrin 1-17Leyl5, i.p., twice daily in vehicle. Insulin therapy

is 25 contqmiEtEreda dose qfé@nmeélﬁ@q\gwa)laﬁtstwb@uté%eﬁmbﬁﬁ@f st gells ghabothén i s
provi ded 7 Fﬁrgg u s t he
usual dosg%tg@géé{gﬁ?t %e?#?% hﬁé{xt 56?{1“? Fq Cg@@h#taﬁg}@nfdb @thld%bé%gr ?é\gs of
bl aed i nseklish 1maid>ugl$0m:mmm(abdum 1or oeihsb mrabmutlmoo mhetsaduhrbmzsxms’edllsa,swnecessary
to any patien ne bl ood Iuco e, and all n doses
and bi oodalwﬁé% lﬁlaﬁewtéfxlpn@ﬂf S iSIRg dheg 1678 68 C@%t%ntwéesﬂ%féasig‘% Athend

poi nt  det griTicBRhinABer! &daltibﬂ% ?§1(§6*l<?ém céIly ﬁeP %leﬁ%&%ﬁ'aﬁfe%r Htﬁ%ﬁﬁﬁimeﬁé QHP
initial admnistration of a smaller number stemcells can provid

suf fi ci enbumberpker slet)conpared to

Each implant recipient group is further divided into a control group to whom only

20 vehicle (saline/phosphate buffer) is administered, and a treatment group. All patients are
given standard IRB hospital review board clinical trial consent forms, and consent to be part
of a trial in which they may receive a placebo. The treatment group receives a standard
human protocol for a dose of a gastrin/EGF composition, about 3 pg/kg of EGFS51N, and
about 100 pg/kg of hGastrin 1-17LeulS5, i.p., twice daily in vehicle. Insulin therépy is

25 continued in all recipient groups for about one month, and then is provided in reduced
quantity, for example, about 50% to about 80% of the usual dose, concomitant with
multiple daily monitorings and recordings of blood insulin and glucose. Additional insulin
is administered as necessary to any patient, to maintain normal blood glucose, and all
insulin doses and blood concentrations of insulin and glucose are recorded.

30 An end point determination indicates that, in the gastrin/EGF treatment group, initial
administration of a smaller number of stem cells can provide sufficient insulin, compared to

the number of stem cells required in the control group.



t he nunber of stemcells required in the control group. WO 03/100024

PCT/ US03/ 16660 35 Exanple 11 Effects of EG-F (E 1) and Gastrin (G 1 on
p3-Cel | PapuBatioen of |solated Human |slets Mintai ned i PCCUISHBN@&6The

pur pose of this experinment was to determ ne whether treatnment with EGF and
5 gastrin can increase the 0-cell popujsation of human islets in vitro and
by what nmechanism |Islet cell preparations were isolated fromhuman donor
pancreases (n = 5) and prepared according to the approved protocol used
for preparation of human islets for ggl&lic¢pl! transplantation (Lakey JRT

et al. (1999) Cell ttansel ank 81285 d i A1 B CLAPoGAEl gl - (1959)

D abetes 37:413-420). tst 0 Centrdtl on of 1x106
cells per 10 dish and cul Dlagﬁ—l#&lrli}ghg%s Vl%m? vl.“ﬁt.}*??‘ ee- MEM nedi um al one

ne
or supplemented, with E 3 sr|n nin
conbi nati on fo?h4 PYiRase TN ex}??g'i"hﬁlr% ﬁ‘g Sy et‘ﬁ’B%{“f‘ %ea"ﬂe"a‘dv((ﬁf’tl’?(gﬁ (!‘l
weeks. Prpfkrid @antin€ehsdBRd B-ctinBorigdtidnl FhuaRARASH i fifroQhd bRedRt in%l:lﬁifni%m
determ ned by inmunohi stochem cal anti bo%é(st ai ni ng was: 72% gl ucagon+

a-cel |'s, BB39sl pespprations(were imlated frem humpoydorgrpagareeses (2 elY) ond BEPRIEK1 9+
ductal ce 3294 enchymal
ductal coll St MR AL Bty b By BSH T B ey

i ncreas edtrh’)SpEﬁ:ahgﬁ$La’(keI§l JRTJeZBP/qlq@gpcen Ihnspdaid 8IDRSEGE, a(nam%rdl g<9z cﬂl) but
not by gastrin (- /% hout EG- or gastrin (-60% p<O

After a fuﬁﬂ%Plahe% Kél%ﬁZ@)néﬂﬁta&eﬂléwew %eﬁéffﬁateaﬁnfeﬁmr@ﬁ@ﬁ of HdeEFéH pefhere

a 20 f NIESSm pi slets
( +224% pg‘é}?% 9“?@?‘19%?2%@"%53& S'?‘ﬁ EJak#gast r%ﬂur'??g(g%g’g%@ eer%lérggée%gr ations
al so had BOFi(ASpemsly gastriGKLOpg/ay toaEGHeighsrin (n+-&@08matpafoDd WeekFamgur e 15)
together with.in reaEed exy %ﬁSlon %f the islet transcription factor,
PDX- 1, i nMPHuriegd g culiire fay anaddivonal 4 %eekSas no PDX expressi on before

culture and thiig becheRnednd @187 %R ildnafth@gelgadsﬂet%nﬁﬁﬁh% of culture
with EGF +gastrin) (Figure 25 16 ). EG- +gastrin al so |ncreased t he,

per cent agenmfmcdust@qliemmaﬂm antfhody slagting whs: Jrﬂ:é% glmewwﬂw 23p8hdemingl- of

(3%l | s Gl Fra Gl BiedReuE®n & VR S iadRers o (R aPRARE hGHE s

stinul ati g W19, Eﬂnea;ﬁd* ﬂeseasmmaneanéaa d:\&EhhﬁiS aoﬁdr@aﬁ@easegntmwr 4eul tures.

A further
weeks, B-cell mass was increased by EGF+gastrin (+128%, p<0.001), and by EGF (+77%,

p<0.01), but not by gastrin (-1%) or medium without EGF or gastrin (-60%, p<0.01).

m(

After a further 4 weeks of incubation without EGF or gastrin added, there was a
20 continued increase of B-cell mass in EGF+gastrin-treated islets (+244%, p<0.001) (Figure
14). The EGF+gastrin-treated islet preparations also had an increase in CK19" ductal cells
(+580%, p<0.001) (Figure 15), together with increased expression of the islet transcription
factor, PDX-1, in the CK19" ductal cells (there was no PDX expression before culture and
this increased to 82+5% PDX-1" after only 2 weeks of culture with EGF +gastrin) (Figure
25 16). EGF +gastrin also increased the percentage of a-cells in the islet cultures, whereas the
percentage of CK7" ductal cells and acinar cells was decreased.

The percentage of B-cells significantly increased after 4 weeks of treatment by co-
stimulation with E1 and G1 as compared to vehicle-treated control cultures. A further
significant increase in the number of insulin-positive B-cells (almost 4-fold as compared to

30 the B-cell numbers at the beginning of the treatment was observed) 4 weeks after the
withdrawal of both peptides. A significant increase was observed in cells treated with both

factors as compared to cells that were treated with either E1 or G1 alone. In contrast, a



significant increase in the nunber of insulin-positive (3-cells (alnost
4-fold as conpared to 30 the li-cell nunbers at the begi nning of the

t r eat mrentwoas/1atser ved) 4 weeks after the w thdrawal of IpetrhuSpepiss@es. A
significant increase was observed in cells treated with both factors as
conpared to cells that were treated wigh either E1l or Gl alone. In
contrast, a WO 03/100024 PCT/ US03/ 1666 36 decrease in (3-cell population
was observed for the vehicle-treated islets at week 8. The results of this

experi menfe JerPisi-tal fofull@fondyds YBBLNES fof e ReTcRMebd 1R vk 8, gastrin

significantly increases (3-cell population of human islets in vitro. Even
after wi t hdr alhhbd resiltstdfehip eppdriiesnt deenstiatetbatiascombiention dledrapynuith EGF and
progressively i.ncreased in the 5 cells.th had .heen treated wth

oo St | mul BBy AR CyS bR PORHENI TG e TSy HATe FRen EDHor gi st o
and prol opgegaekf sithic pi)ikiBSail34CoLdks RAPPlRI nAmberpropReivdly invesasdPmnge t hat
EG- mainly increases the CKL19+ ductal cell gopul ation (precursor cells),

whebeas Cedltsithat haghbeanetraated widlsgrosimplator of EGH ud gasyin, showmg-that theydage 8i on
the 10 pandredni-aR s bisd 3B EESEsH PoBfer (hox 1) Ts central in -
regul ati ng panButar ittvasdewmel REGF nauitly insdrédseciak ICK19Ratucancel Bdpukatioagul at es
insulin g&ne expreH?Sii o}gg an% Ps@si nvol ,v}eyd :ﬁﬁrl@lélr%?li?r? Q%IPLF-_ SpefCI%I{;)i&% expressi on
of vari ouPTHERWSE COFRIERETEAS NHISHESW AT 182Ny 1§ Or WA BLE sgeni ¢ nouse
gastrin praEeahRRB A Al a0, BB aCR TRk T TS O EIUR b Bl = DUt
neagenesi paricrdatit ahd dudagna molEbboregeptlaiPDIX-¢ pisdentidl as egdhtiag pon iy suggest
y sugg

that E1 and may be used fo exp uman i sl et  cell reparatjons in
VI Tro T or ST SRaNERTIHERE o T BB oM Gt e Psrume e mel 1§t us
is a di seassid inRict il iRcRdRploiBE oPirRugbagiscal defect is a deficiency

of (3-cells as a result either of destruction of the (3-cells due to
aut o-i mune 20hgse dndimgesrean agieemghiawith paniraphganiempuseatata wherg G H fgeeptor

(3-cells t.o diyid eto chronic stimylation fromhigh circulating |evels
0 oF ucoslifertialditin B suRMa G Rl Bl G Rt Nagiicrtpdlo 19 L ovel o,
(3-gell r le tRNPHOOEss bE RIAGEIRALsiS itfe® Wb 04 BEH réqplondiggxd. ent that there
is an over al | oss of 13-cells and a concom tant decrease in the insulin

content of theThgsadetestisnglyiecassioiat Fleand ¢ L mawbsnsed @reapanbhiumandsibtelat i on
O 1o SRR D By A s s B ot atino the
Diabetes mellitus is a disease in which the underlying physiological defect is a
deficiency of B-cells as a result either of destruction of the 3-cells due to auto-immune
20 processes or of exhaustion of the potential for the p-cells to divide due to chronic
stimulation from high circulating levels of glucose. The latter eventually leads to a situation
when the process of B-cell renewal and/or replacement is compromised to the extent that
there is an overall loss of B-cells and a concomitant decrease in the iﬁsulin content of the
pancreas. The above results demonstrate that a combination of TGF-a. and gastrin can be
25 used to treat diabetes by stimulating the production of mature -cells to restore the insulin
content of the pancreas to non-diabetic levels.
The studies reported above demonstrate that complete islet cell neogenesis is
reactivated in vivo in mammals in the ductular epithelium of the adult pancreas by
stimulation with a gastrin/CCK receptor ligand, such as gastrin, and/or an EGF receptor

30 ligand, such as TGF-a. Studies are reported on the transgenic over-expression of TGF-a

and gastrin in the pancreas which elucidate the role of pancreatic gastrin expression in islet



content of the pancreas to non-diabetic |levels. The studies reported above
denonstrate that conplete islet cell neogenesis is reactivated in vivo in
manmal s iwotldaomact ul ar epithelium of the adult pancreas WgT/s03/masb@t i on
with a gastrin/CCK receptor ligand, such as gastrin, and/or an EG- receptor
30 ligand, such as TGF-a. Studies are geported on the transgenic
over-expression of TG—a and gastrin in the pancreas which el ucidate the
rol e of pancreatic gastrin expression in islet W 03/100024 PCT/ US03/ 16660
37 devel opemidpnedhdandididivateahdt TGF-dG@nd gasirid egasplay o raaatrephlaingisted! € in
regul ating islet developnent. Thus, regenerative differentiation of

resi dual gwﬂqpmmé nf husarreerasttive difiercatiationgifiresiqual plupipetentepanereatiq ¢ucsdlcr et i ng
cells is I t. y

trer apeat LSRR Blrchilcf 36 TRl Minbd AR FeauBie o biBeeRY  f ons
whi ch 5 preiliias bl dierdgeatic adminsstratior s Hthésscvintinatioh o factdie opesiposaons Whech

results of treg nt wwth TG--a and.gastrin in the Zucker rat nodel of Type
(e

2 di abet BV el §‘F”g‘?ﬁpf‘?sélaﬂt“’l if ?hérpéﬂ‘ifé%s in bl ood glucose |evels

bet ween the ”ﬁ’ﬁé fE%ﬁ‘Lttso trirdHe Wi T@F QUi gaQt"rﬁltffi‘mey %1]1‘39 'o?% tka?g 2
transi ent hypoglycem c e ect followi ng & &prol onge peri o g href ‘o
fasting. diabetesshonetiindtsamifivancdiffeshuel iadlooavtadosellevtlgbefweenttie tidatrhentr eas es

in the nunber of single foéL}’E i nsul in containi g ceII in the TG-a and
T

gastrin Ehbeandq! goHRRPsoba FRYAE dof ety AR HRAT ctrllguing 8) . These
findi ngs [ € I reas
Fol | ow ngP CTORs AEet g B RLAAEAThE IR s hefifich Sulis MAUaka bRHITRAR
(3-wel | f orteasdsan rtl&tmmdmmﬁhyglsém off msahhubdsntémrmgtcleﬂuinahemﬁﬂmand gasnin eas.

These findings support a therapeutic role for TG-a and gastrin in Type
and 15 Typeated Bl scodnted o cenihenmals (frigyrg b e dhsse Tggines demengtratedan

neogenesi gq ngé?.{ge {rrlees@tgsé? ge%ﬁ’@m aﬁgﬁ ﬁaqr AR&8Ls fo fwggﬁpfg' tRrhéht W?%n l*d}lg‘eacaglgegaé’mhhe

specific scri be el n. cati ons that appar ent
fromthe fméeghighy se@sandlpBioen fedi dreats eomaivnly@en i glulgandtahdlated)idai n t he
scope of the clainms. Various publications are cited herein, the disclosures
of whi ch pansrdanc Shessrfmdings syppoptG thefapeusisoels far THEre a@hgaStretly Twe1e®4100024

PCTI/ US03/ ;l‘ggefs? dlagetes since trea%ment 1s|, t'z/rEg[gtédSat both B-cell neogenesis and replication.

The present invention is not limited by the specific embodiments described herein.
Modifications that become apparent from the foregoing description and accompanying
figures fall within the scope of the claims.

Various publications are cited herein, the disclosures of which are incorporated by

20 reference in their entirety.



1. A nethod for obtaining mammal i an pancreatic cells conprising a plurality
of 5 functional mature (3-cells, said nethod conprising: providing a

popul at i owoaB/iproecur sor manmmal i an pancreatic cells w th atrCrasss/i@ne
gastrin receptor ligand in an amount sufficient to effect differentiation
of said precursor manmmal i an pancreatisg cells, wherein said popul ation of
precursor rmanmalian pancreatic cells is enriched in cells that express at

| east one marker 10 associated with precursor nmanmmal i an pancreatic cells,
whereby a plurality of functional mature (3-cells are obtained. 2. The

met hod according to Claim2, wherein said marker is CK19. 15 3. The net hod
accor di ngW%Aalgﬁ{apllMWé?ei n sai d popul ati on of precursor nmanmalian
pancreatic cells is enriched in cells that express at |east one narker
associated wth precursor nmanmal i an pancreatic cells by FACS. 4. The

met hod actor di Agné¢thodtaaiobtaininguneri@iahias phntrgmioweds cammprofngo platnispof manmal i an
20 pancreatic cells conprises _a plurality of stemcells or ductal

epi Phel i al cel fupctional pRaireficgly saiddpFtBodhePaRIist&i m 4, wherein said stem
cells conprise . ! roup
consi sting of Bﬁn)gHu?%%{) gﬂcﬂa?i%gpfg%gﬁég?ﬁgwﬁﬁ%??% }u‘sé‘%gfég ‘gmé%np%% Iogﬁyi nes.
25 6. The net hgdtraceoemomipahd iChmamodnt swifeieat to ffeet differamtietiorsdfesarl conpri se
said ductal epithelial ce]ls. 7. The {'ret god, accor di gﬁ; to_Claim1, wherein
sai d popul at i oRFeBYSYrBRDMEtIN PRRRTFANS SFils: WheTsHhRdRAPUiation (of BreRWEOheen
imortalized. BumiRBiaBiMediRCEN QicRHched ifrbal thdrexPRRES £l 1858 BhdmBRRH| ation
of precursor mammal I an WO 03/100024 PCT/ US03/ 16660° 39 pancreatic cells is
provi ded with adsotiatad withrpeedaGor maoepdlon pangaatet dells,avheaghyuapluradityf 6fi ci ent to
ef f ect expansiﬁglfof he 1POBU| tion of said precursor mammualian pancreatic
cells. 59. A Henp! pafire Bres e @PRIMEul ati on of rmanmal i an pancreati c
cells conprising a plurality of functional mature (3-cells, said nethod
conprising: providing a population of precursor mammalian pancreatic cells
expressi ng. at Thaskthod according to Claim 2, wherein said marker is CK19.

15 3. The method according to Claim 1, wherein said population of precursor mammalian
pancreatic cells is enriched in cells that express at least one marker associated with

precursor mammalian pancreatic cells by FACS.

4. The method according to Claim 1, wherein said population of precursor mammalian
20 pancreatic cells comprises a plurality of stem cells or ductal epithelial cells.
5. The method according to Claim 4, wherein said stem cells comprise cells from one

or more source selected from the group consisting of umbilical cords, embryos, and

established stem cell lines.

25
6. The method according to Claim 4, wherein one or more islets comprise said ductal
epithelial cells.
7. The method according to Claim 1, wherein said population of precursor mammalian
30 pancreatic cells has been immortalized.

8. The method according to Claim 1, wherein said population of precursor mammalian



one marker associated wth precursor mammal i an pancreatic cells wth at

| east one gastrin receptor ligand in an anpunt sufficient to effect

di f f er entwetodaeoed said 10 precursor mamral i an pancreati c PC&luss3/1asber ei n
about 10%to about 20% of said cells express said marker, whereby a
plurality of functional mature (3-cell¥® are obtained. 10. The net hod
according to Caim9, wherein said cells are provided with at |east one 15
EGF receptor ligand in an anount sufficient to induce expansion of said
popul ati on of pdnareatic ogilslis patvided WiBrat dddssonzyEGP oacept@r figdrd ih @an atount 5-f ol d.
11. The nmet hod L%cordi ng.to d ai mé)ifg wher ei n ggansi on is aboalt 3-fold to
about 4- fol d. SWECIE topHect PSP AL i RAMHGTOR ofsalf RiegursghRpBNRhan; d
providing is ipn¥cati@cand said anount of said EG- receptor ligand i s about
0.1 g/m to about 1.0 gg/m and said anount of said gastrin receptor
ligand is about 0.5 g/m to about 3 gg/m . 25 13. The method according to

daim 9, ' i iding is.in vit d said t of .said EGF
Fecdptor 31 gant mARAEEEpBRISEEpa sl Man et caSPrBf: of
said gastrin rﬁﬁﬁampéfﬁuh&%gﬁllirlﬁtueéwals@_saﬁthHHdéo%ﬁﬁmgt 1.5 pg/n. 14. The

met hod according to Caim9, wherein said plurality of functional mature
(3- 30 cells eppvidiyg Pppulationf piEcersoemhnihadien parireagic tcoll Gixprassifg at ishstr ei n
precursor mamal i an ancre%;é(%c.tﬁel | s WD 03/100024 PCT/ L(J%ﬂ?»/ éEGG 40 are
human or por ci PE MAECT seeciaieq Wi PLRelBPEMAGaliapPandraic GRS MR AL I6AY OF8st ri n
receptor |iganghsirf fobdpasy 1igdad inf ahardoulnf s@fficRnl b cffledifRidnasti AR Ng t O
Cl aim 10, wherein the EGF receptor Iigfand is human EGF51IN. 18. A

g

contfosi ti on coprpeurseragammalizp paarcreatqieallsy whersimmbioni Hije to ghout 2% of sad
roliferatin ture pancreatic 13 cell wherein said.proJiferatin
e oot o (3 b PR RREE yhere BTttt tibctioR B fayRfe-bfa ' N

obtained.

10. The method according to Claim 9, wherein said cells are provided with at least one
15 EGF receptor ligand in an amount sufficient to induce expansion of said population

of functional mature 3-cells by about 2-fold to about 5-fold.

11.  The method according to Claim 10, wherein expansion is about 3-fold to about 4-
fold.
20
12. The method according to Claim 9, wherein said providing is in vitro and said
amount of said EGF receptor ligand is about 0.1 pg/ml to about 1.0 pg/ml and said

amount of said gastrin receptor ligand is about 0.5 pg/ml to about 3 pg/ml.
25 13.  The method according to Claim 9, wherein said providing is in vitro and said
amount of said EGF receptor ligand is about 0.2 pg/ml to about 0.5 pg/ml and said

amount of said gastrin receptor ligand is about 0.6 pg/ml to about 1.5 pg/ml.

14. The method according to Claim 9, wherein said plurality of functional mature -

30 cells express PDX-1.

15. The method according to Claim 9 , wherein precursor mammalian pancreatic cells



at | east one gastrin receptor ligand and at | east one EGF receptor |igand,
and wherein said cell culture is enriched in CK19 ductal cells and have

i ncr easedwoaspomzsi on of PDX-1 as conpared to cells not praTiusestiasse h a
gastrin receptor 15 ligand and an EGF receptor ligand. 19. A popul ation of
manmal i an pancreatic precursor cells efdriched to contain at |east 20%
precursor cell expressing CK19. 20 20. A nethod for screening for a
conmpound that stinulates islet cell differentiation, said nethod

conpri sing: pragihdinag oapgrelwal ati on of mammal i an pancreatic precursor cells
with said conpound and optionally at |east one EGF receptor |igand; and
detecting expression of PDX-1 as an indication that said conpound effects
islet 251&el | TH ink@ba@atdoadin@tb Claim 9, wherein the gastrin receptor ligand is human

T I 1o e
gasiiiis i-1/7/1.C061 0,

17.  The method according to Claim 10, wherein the EGF receptor ligand is human
EGFSIN.

18. A composition comprising:

10 a cell culture comprising a plurality of proliferating mature pancreatic p cells,
wherein said proliferating pancreatic § cells are obtained by the method of providing
at least one gastrin receptor ligand and at least one EGF receptor ligand, and
wherein said cell culture is enriched in CK19 ductal cells and have increased
expression of PDX-1 as compared to cells not provided with a gastrin receptor

15 ligand and an EGF receptor ligand.

19. A population of mammalian pancreatic precursor cells enriched to contain at least

20% precursor cell expressing CK19.

20 20. A method for screening for a compound that stimulates islet cell differentiation, said
method comprising:
providing a population of mammalian pancreatic precursor cells with said
compound and optionally at least one EGF receptor ligand; and
detecting expression of PDX-1 as an indication that said compound effects islet

25 cell differentiation.



