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

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 § to 10% of all cases, and non-insulin-dependent
(Type 2) diabetes mellitus (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 8-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 celis 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, ef 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 -cell
deficiency in NIDDM.

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

gastrin, transforming growth factor o (TGF-a) and epidermal growth factor (EGF) (Brand
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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 anonBBJEBDESCRIPTOMNMOFoORHE DREAWENGRd gastrin i.p.

daily for 10 dﬂggre(lss?llolwg ﬂpeuerfpelct% o?q‘%ﬁ-'r-g gl)xd gastrin on glucose tolerance in
20 streptozotocin induced diabetic Wistar rats treated with PBS (solid black diamonds) or a
combination of TGF-o and gastrin i.p. daily for 10 days (solid purple squares).

Figure 2 shows the effect of TGF-a and gastrin treatment on fB-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 contro), 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-o and gastrin treatment on p-cell neogenesis in
lean and obese Zucker rats. f-cell neogenesis is quantified by differential counting of total

B-cells and newly generated single B-cell foci and is expressed as a percentage of total -
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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 i 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 gastrin/EGF increases
insulin content of human islets implanted in treated NOD-Scid mice compared to that in
untreated NOD-Scid mice.
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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-o 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 ceils are transformed either in ex vive 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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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.
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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
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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
(1i) 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-q, 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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di fferent iagtﬁisrgﬁ%%%l rg%]ééntc ea%ll:]égl@?’sl elgﬂ %?e%:(%rnggfﬁ %tgl% qu s@époﬁt@mﬁg??ﬁ

st i nul at iseguesnoe encoding shapreprogagtumbéepiisie poavusbr. Rrefeagitly,ithe @8I ecept or |i gand
and an EGE receptar ligand. In a.preferred enbodinment of . this_.aspect,
Gast rin SemPRprges LAGR sar Rl fhEeDrIEs ShTSHILE e o JhE PR Fapt | de
precur soremmn@erﬁwﬂwe‘ﬁqﬂécﬁ@g&q@@@eicaafagtf&ahgﬁa@ﬁﬁigasﬂh?gﬁmgﬁ&%mﬁ i's under
the control of the insulin 30 pronoter. EGF receptor [igan e.g., TG-a,

st il at |SOMPrieser pabyusiEobige ssauerossioniainitg enons BeAd B of 8 humen ighyan dengand
transgeni%ﬁl()h:m)) HdQ 'dﬁf%ﬁ iﬁtgén% lgaha(a Jqrammal . In furtherance of the above,
n-py Ih®and a “ai

stinmulati a gastrin is preferably affected by
co- expr essi on AfotldrenodinZent&Bth? Héntidi0s3/1HRE74h Bt/ I0mpiisiag ) 42

preprogastrin peptide precursor gene and gi i) an EGF receptor [igand
i nt r oduc &Wcleift ¢5i4 sgguence 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-



mammal . Appropriate promoters capable of directing transcription ZDfZ EE@
genes include both viral pronoters and cellular pronoters. Viral t%qﬂg
i ncl ude MRO¥WAEdi ate early cytonegal ovirus (CW) pronDtPélT/l(mmmlrt et al
(1985) Cell 41:521-530), the Sv40 5 pronoter (Subramani et a] (1981) Ml.
Cell. Biol. 1:854-864) and the major 13ate pronoter from Adenovirus 2

(Kauf man and Sharp (1982) Mdl. Cell. Biol. 2:1304-13199). Preferably,
expression of one or both of the gastrin/CCK receptor |igand gene and the
EGF recepundercogaol df gastreng sonitistee sjichdicqoamniet, eqf., amefalisthionainprenoesr .

Anot her asgect of the invention is % nucl eic acjid con This construct
i ncl udes 339 2 PEPHEBFEINPERUTGPTE R A8 “&é"c‘ﬂuﬁacer‘H}de’éc%t*'QBP{@dQWWrPT%B‘FTde
precur sorg,aintecdt dal Sk lai glasnlid ANSIEd MRl bcﬁﬂ%’ g:thgéé’mstﬁﬁ'd gree, which is
5'to and effective to support transcri p ion o Sequence encodi ng the
prepr ogas"titenwﬂpelm thdexpreesor esseite or eMmraathdoycantbhensensdjintma viralarstor wighi onal
regul at or, uen e.lnc es_a ter a preferred
bl roie SREHR A el i Su bR ol G Rk a il pept ! de
Pr ecur solsirdflexX GARR] 4deds-a3sRMtdNIAls SQirb P sS RAHGREEL aSihe JkB! Hek BIARBesn/and 3
of a human astrln ene and op tionally also includi ng introns | and 2

Anot her plegi{ar Gniwém iSoiper-Neih3I Sk iids g8d Babbias e/ { D98 Frsidsi ng

, | d,
o i B AL R AR SR
nucl ei ¢ aetransenlyeooecihe chigrilotradspet 3éfeqrie pipasthelin opppichdavifh @sti¢ sor and

a transcrjpti onal Egul atoré sequence thereof. Preferably, the
trafscri pj’tq”ﬂﬁlr%lsefgg@ e Ayl 2 3Yr2kne EGF receptor ligand is a strong

non-tissue spegidid aE}SeQ,{rBf RE mv%h't?cth 193 n@n Wekah r%trﬁ]hﬂrb??ﬂ%r ﬂﬁﬁttﬁg

Preferably, the transcriptional regulatory sequence e prepfrogastrin
pepti de pnduedingoclls, theaaoficapable of expmsnmrg establpipeghtedigene Whicinendodehi s

nbodi ment_ i t d 25 codi th
o nr 0GadtFTRERERY | Moo B SEUPORTIL afifs GBS Rerogerae) SRabiEnte
cont ai ni %eiﬁ?éé’sg%s(iﬂa ﬁ@ﬁroﬁa@r@p&%@@§re%u1%81dge31eOén(i?d'}ffllmzﬂ"ﬁ@l:%’c%bfdr ngwe

Anot her aspect the invention'relates to a vector i1ncluding t
expbessi og cateEta eenectbmqimﬁQcmt&brlnelnpa@qﬁcd)gmﬂlelmnpmptamwnpnécur sor codi ng

sequence._Thi s,.vector can, b md suc or .can be phage
whion haamgmpRigteEnh ef St The pulainy bt R2ndh BogtmERnaERg LR Eou o n
pronoter. Anot her aspect of this |nvent|on relates to a conposition of
vectors including (1) having the nucleic acid sequence coding for a
marmal i anl IRGAp ¢ EKepdminisirgtioniand Cgmpovidone 2 FEB 2007

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 biclogically 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 1s
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specific pronoter, e.g., a netallothionein pronoter; and a preproﬂgisFEBnZ{im
pepti de PY@edre®+ codi ng sequence under control of an i nPATVEBPL@HDt er .

Each vector can be a plasm d, such as plasmd pGeml or a phage in this
aspect. Alternatively, the expressi o cassette or vector also can be
inserted into a viral vector with 5 the appropriate tissue trophism
Exanpl es of viral vectors include adenovirus, Herpes sinplex virus,

adeno- as $serneraed hereindy neferengei Fars briefmeview ofi methede for deud dekiserysewe Bl oner et

(1008) TRAMR U REEREC AR 16 SlenB oot P eiPliccene «her apy

has been usedisprepassd pHaraceifical EanpoBidrsIof €y Freseht inkentidR] idfag®et r anspor t
defect in nasal epithelia of patients with cystic 10 fibrosis. See Zabner

eta. (1998yrablstp mogitythe oqrgposiiont AEthe Rapyaripnton &0 31py diptn RBATPACOKINGBM hunan
ma | or han: ti I I f f. expressing
oy bl y TP RARH AR oh 51 peneleP el NR of Bhirinec RS eo OB Dokt rom

of this &bpesiceuscd Sapnedyusupra, thapmlts 37a3AbA ewoiber sfomathodsSer aigrifg) a

preprogastrin peptide precursor, gene, and/or (ii).an .receptqr |igand,
15 e.g., P a%ﬁg‘agaté%énﬁﬁé&d% B ar Ko iy @ﬁ@é@@%gﬂ%ﬁ%ﬁ? AE (neuman
manmal , L%MJ:Jp@&‘Jl. ltax%ms%s&ﬁlnkahodxhﬁgm&a,?%wcﬁan bf BE HEn® inGRbikRs can be

human tissué or cells. "Therapeutic Admnistration and nposi ti ons Mdes
of adni nicempasedmf shprtangdesushias proteimsotipids ffior exaruple tlipasendes),matbohydrates, or

i ntranmuscgul.ar.. O intraperitoneal, intravenous,. subcutaneous, intranasal,
andd orar Sl ding, SRSttt B echd oL R PCTLIRETE] Ehoe EoRvamEh:
route, fantogipasidhe iYrdddtoaianceQheibPhatmatsiiftics @Rd BdisedaaEPt i on t hrough
epithelial or nucocutaneous linings (e oral mucosa, rectal and

i nt est i n#MAREEBYES. dr @netuplanebedsisee axpipbleJeipreppringdippsamesyas deserittedrin,

bi ol ogi cald YAl 'e)’c%(l@ﬂg%ﬁm gl ké,?st. %?Jehg_rb;hﬁ'iﬁﬁﬁ.f 5 abbsy 4§2¥§,§${“ ¢. 25 The
present invention al'so provides pharmaceutical ‘conpositi ons. ’Such

conposi t 468, 28rapdi4s8S 7028 hal afpehithh aralihgorpdried heretn Bineiiéncef Varibbestageut i c,
and a prhg[jmaceuti cal ly acceptable carrier or excjpient. Such a carrier

i ndf udes dGUYETY SYFES PRertinp@h and pansha ysrd to #imingsiE @ thePRenES OHbR IR BEE WAt er ,

gl ycerol ¢ _}ﬁ]%wam@gg@nﬁ&mpgﬂgg Masnd hegeof . The formulation should suit
the node of adm™ni stration. Pharnmaceutically acceptable carriers 30 and

formul ations flie cogwosition Hiédgsired ean alsneemtingninar embwusdl wettiReni ngt on' s
Eg?r ?‘igg%ﬁuﬁ%iﬁgg{%p& of pH %ﬁéinzuabglerlatg.h 'rid C%H&i‘é‘é’ﬁ caﬁ@elaa}{jq%kdo srgh%ionl,DA’ X
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
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reference. For a brief review of nethods for drug delivery, see Ea &gﬁ
(1990) Sovenveold9: 1527- 1533, which is incorporated hereipgTiysoseéses ence. | n
prepari ng pharnmaceutical conpositions of the present invention, it my be
desirable to nodify the conpositions af the preseni invention to alter

their pharnaco"kinetics 5 and biodistribution. For a general discussion of
phar macoki neti cs, see Rem ngtons's Pharmaceutical Sciences, supra, Chapters

37-39. A; ' r [ j

bi odi str i"ggg?g‘%o@% g@%’oaﬂﬁ tt{)rﬁéﬁggrgﬁ%dﬁg?%g% ‘gﬁi&ﬁ? S?ﬁ{ét ﬁghgrrg ;&l e( See, e.g.,
Langer, suoppesitiorEsadplireseret byughctinet ogspounie bixderilp matee ¢oriinjectidn driselimgent s
in vesicles. conmposed of substances sych .as, proteins, .lipids (for exanple,
| posome& v BP0 &0 JPLte inedigns maviberT bR eI ek anpl o, ¢ he
agents of the TR @RedPeutiEVeTIhd RRMRRM AR ok REBURAELIsSR utrhir Qalt fRPSOMES 10
order to enhance their pharmacokinetics and biodistribution
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i bed.in. .e g .  Szok .. (1980 , . «Bi_ophys.
Bi beng. - 1o per RESREfoloRer€ e Ref, ofuid BNk sl o a0 ot

whi ch ar doinfgiofiftofred &abdet gmpbyucm& e B€H veldonP Bsdigh \etaséfantlel i very
systens are known and can be used to admi nister a therapeutic_ of the
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conpositi i | Lefk: & contain mnor anmounts of wetting or

emul si fyien ]aaﬂé‘é%tg@,%%’rH‘B‘ﬂﬁ‘ﬁﬁﬁ’?éé"}?‘ﬁg&ggents. The conposition can be a liquid
sohwtion, sushensicant ofahaiherapaytid éliheinvemidnl whiclapsfifeetivesiushetrentrdentelfease
fornmul ati on, .or r. The 20 conposition can be Lor nmul ated a

. powd . . !
supposi t GrRAFIGKA IFISCRAeE PE PNy crependemihe 27 reertdhs fisprdeny W?@Pw@ﬂi des.
Oral forrmgghat H&EEmiIReLY E‘tﬁh&b‘#@cl%ﬁi@d]%hﬂiq%@{. rT%?c:ﬁ?eS:%?&CJbs@& Rhafs f&!‘%h'tﬁ@'

grades of mannitol, |actose, starch, nagnesiu earate, sodium sacchari ne,
cel | ul osdormylaigmedsamilcdappuhan the rette of hdminisatdig ané theexwbowtinassitf thet he

conpositipn is formul ated,i ccor.dapce w.th 5. r.outin rocedures such as
o ohar nachger e et B 4B R FSpr e oGRS BT AN SR TP o
hungn beidagip patieyii irduétane @M dvieHREitdbN ddsBEd AMLRAUSIndedMdLSt ration are
solutions in sterile isotonic aqueous buffer. Where necessary, the

conposi t idmigissdicadre ginsrlivcbonat &8l hillinicragraneefiactineicanpawdipennest het i ¢
ool R BB e bGP b SR ARG TR
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 instailation, 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



30 dosage form for exanple, as a dry lyophilized powder or wat e,? .fEES 2007
concentrate in a hernetically seal ed contai ner such as an arrpou*ez
sachet t ewmai/matZzéng the quality of active agent. \Were telog/sosp@sition is
to be adm nistered by infusion, it can be dispensed with an 2 2 FEB 2001
WO 03/100024 PCT/ US03/ 16660 15 infusjon bottle containing sterile

phar maceuti cal grade water or saline. \Were the conpositionis

adm ni stered by injection, an ampoule of sterile water for injection or
saline GamjharadbA YindeaseSPitlt REbLdARNIIMNE AWdUE BFificdBYcabRy. MPXESUIRY defik ah®

adm ni stration. The therapeutics of the invention can %e formul ated as
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t echni ques. The precise dose to be enployed in the fornulation also wll
depend od™?%f® route of administration, and the seriousness of the disease
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lipid cargigks, or inserted 25 into a viral vector, for exanple a

reconmbi nant adenovirus. The introduction into the mammulian host can be by
any of sever alTheounamt of thetapelitivgvecor nspdenitils aoramonnt syffeientdneadvide for a

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

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 transiation 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.



injection, intratracheally, intrathecally, parenterally, intraart?cykﬂﬁg%ﬂﬂ?
intranasally, intranmuscularly, topically, transdermally, applicati©o 0
any nucoweo n®roos2ane surface, corneal installation, etc. pOT/ysasAadeoul ar
interest is the introduction of the therapeutic 30 expression vector into a
circulating bodily fluid or into a body orifice or cavity. Thus,

i ntravenous adm nistration and intrathecal adm nistration are of particul ar
interest since the vector nay be wi dely dissenm nated foll ow ng such routes
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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 B 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 B-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 1o be

transplanted is estimated to be between 10,000 and 20,000 insulin producing B cells per kg
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i nducin
’ vector or complexed to lipid carriers. Additionally, lipid carriers can be provided in

separate containers for complexing with the provided DNA. The kits inciude 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,



containing a gastrin/CCK receptor |igand and EGF receptor Iiganéi, th amﬁw
for formation of insulin secreting pancreatic (3 cells. Accord ng 3

i nvent i omo dspdobeewi ng stinmulation the insulin secreting pamrasesidsen (3 cells
can be directly expanded in culture prior to being transplanted into a
patient in need thereof, or can be trgnsplanted directly follow ng 25
treatnment with (3-cell proliferation iI'nducing conposition. Methods of
transpl antation include transplanting insulin secreting pancreatic (3-cells
obtained into a patient in need thgnggifdigonbination with

I mrunosuppr essi ve agents, such as™cycrosporine. The insulin producing
cells also can be encapsulated in a sem -perneable nenbrane prior to
transpl antation. Such nenbranes pernMethadsul i n secretion fromthe 30
encapsul ated cells while protecting the cells fromimmune attack. The
nunber of cel [Betfolldeinghieangiphard wdd irsthe 2k bmplee cet faritbieeidbe exeepnasl 0, 000 and
20,000 insulin producing (3 cells per kg 2 2 FEB 2007 WD 03/100024

PCT/ USo3/Pisswtse 18tedot t he patient. Repeated transplants may be required as
necessary to mamintain an effective therapeutic nunber of insulin secreting
cells. The transplant recipient can also, according to the invention, be
provided with a sufficient anount of Amimaistrin/ CCK receptor |igand and an
EGF receptor ligand to induce proliferation of the transplanted '"insulin
secreting (3 dérml Wastthawdelickatragfwere elhdwahiormhl cioabet idsdoawithdreeval uat ed

as follows. Both the biological. efficacy of the treatnent nodality as well
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treatnent therefore can be eval uated, for “exanp observation of return
of 10he eva¥ .uategd setsinayls gfterdmbietiomofdialscteso theahts wEneranllamiyaedlocaséd intacy, i . e.
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be provi i I i or nore procedures. Kits for genetic
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NOD diabetic mice were monitored for diabetes development by daily moming 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 5] being an asparagine
(described in Appln. No. 10/000,840), and 30-1000 pg/kg of human gastrin analog hGastrin

30 1-17Leul 5, by intraperitoneal (i.p.) injection twice daily in saline/phosphate buffer.
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a conposition 20 conprising an effective agent either as concentrates

(i ncl udi mgp b3ympiei4l | zed conpositions), which can be dil utredafsosidser prior
to use or they can be provided at the concentration of use, where the
vials may include one or nore dosages,,Conveniently, in the kits single
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W star and Zucker .rats . were all owed . nor, cho dlibidumw.th free

nCcees + OTRATEY TAYEE NEEIEEIE CPPREE DU T SRR D PloRes TR Rt  atton of
each study. Freshly prepared streptozotocin at a dose of 80 ng/ kg body

wei ght was admi nistered by 10 |.V. five to seven days after induction of

di abetes, the rats were random ylisdukdesindinalysis groups for subsequent
treatment. In exanples 1-4, TGF-a and rat gastrin were reconstituted in

st @pi | e nor nal Astak iend oteeb afudy rthe BnitdBSAe sikoifoedambthe patdieaspnd demen ni ned
treat ment, ., sch .e for different studies, each animl received a single,
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period of 10 days. Femal eejﬁlqdj mce were under specific pathogen-free
condi t i ongssapandimmaetiftely snap-frozen in liquid nitrogen for immunohistochemistry, protein,
and insulin detenminations. 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/ethanoi extraction prior to insulin determination by R1A, 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 Svarez-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
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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-c. 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-« was reconstituted in sterile saline
containing 0.1% BSA and was administered i.p. at a dose of 0.8 pug/day for
25 10 days.

Group II: 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 111 TGF-a + Gastrin: a combination of the above preparations was administered

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



the total pancreatic islet content was cal culated. Human islet g ?;EEB%D‘?
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harvested for analysis were extracted in acid ethanol to assay insulin
content by immunoassay. | munohi stocfem cal Analysis Human islet grafts
were harvested and dissociated into cellular preparations that were

i mrunost ai ned with an anti body specific for each of insulin, glucagon,
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transpl anted into nondi abetic NOD/m ce (2000 islet equiv) by inplantation
under the kidney capsule. Typically, one human donor pancreas was used to
transplant about 10 to about 12 mice.phg.fxample | Effects of In Vivo
Treatnent wwth TGF-a and Gastrin on P%nt‘reati ¢ Insulin Content in Nornal
Ratis Treatment of Normai Rats with TGF-o and Gastrin

Treatment Pancreatic Insulin Content
(pg insulin/mg protein)

Control 20,6460

TGF-t 30.44/-7.4%
Gastrin 51.4+/-14.,0%*
TGF-ox + Gastrin 60.6+/-8,7F**

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

As shown in Table 1, above, pancreatic insulin content was significantly increased
(p = 0.007) in the TGF-o. + 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 B-cell volume. This increase reflects an

overall condition of -cell hyperplasia (increase in number) rather than $-cell hyperirophy



Thi s experinment was designed to study the effects on pancreatic in?uﬁ'[‘@ 2007
content in non-diabetic aninmals treated with TG--a, a gastrin,

conbi nat VoA 0BI00ME-- a2 and a 20 gastrin as conpared to contHIVUHKIEED S
(untreated). Goups (n =5) of normal Wstar rats were assigned to one of
the follow ng four treatnment groups. foup 1: TGF-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 .xg/day for 25 10 days. Goup II:
Gastrin: (erdakeinistzeRfiindBadbalifacellsyas di ssol ved in very dilute ammoni um
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confirmed by non-fastmg 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-o and synthetic rat Gastrin 1;

both preparations were administered at a dose of 0.8 pg/day for 10 days.
20

Group I1: 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.



TG--a 30.4+/-7.4* @Gstrin 51.4+/-14.0** TG-—-a + Gastrin 60.6+/ 282*558* 9007
TGF-a vs. control, p = 0.34; ** gastrin vs. control, p = 0. 11;

conbi nat v eBfoold-- a and gastrin, p = 0.007. As shown i n pCatlses/igses@bove,
pancreatic insulin content was significantly increased (p = 0.007) in the
TG--a + gastrin treated aninmals as cogpared to control aninals; there 20
was an approximately three-fold increase in pancreatic insulin content as
conpared to control aninmals. These data support the hypothesis that the
conbi nation of TFG a and gastrin prodyses an increase in the functional
islet Rcell volume. This increase réflects an overall condition of

(3-cell hyperpl asi dréatnomeaf Strieptozotvioiy Rats atitleTGFhannd &asalin  hypertrophy 2
2 FEB 2007 WO 03/100024 PCT/ US03/16660 23 (increase in size of individual
(3-cells). Exanple 2 Effect of In \ﬁvM&%ﬁéﬂE—%—éﬂﬂg—%ml nation of TQ a
and Gastrin on PancrBEsdatment | nsul i n Confwghinsplinmigpratein) Ani mal s This
experinment was desi gned to determ ne whether the conbination of TG--a and

gastrin could increase ic insuli tent in diabetic animals
(streptozotocin (ST mF‘?ZﬁZ&g OnEL | evel rsk(iﬁ%ﬁﬂar able to those in nornal
(non- STZ treat ed) ansmbﬁlsm&m(;wtﬁﬁar doh:3.9 ecei ved a single . V.

injection of STZ at a dose of 80 ng/Kg 10 body weight. This dose of STZ
was i ntended to ensure that the study animals were rendered diabetic but

that they retained, a fun n|n reduced e STZ was
i osol ved | meklFavatyon &f BBty 2 orSsrrssal st BrosyP S ofire RF "o o
buf fer. Thetained (OBLS ofBR gT?éHrﬁQr‘?Qta%hJIMOp%rasw&éﬁﬂtso IR BELES eNdfre that

i ndi cated by gl ycosuria and confirmed by non-fasting bl ood gl ucose

det er mi nathe etidy ardmelseteknedfat functioméhge butoeduskd pxellinadset es, rats were randonly
all ocated into,t r, ( 6) .as follows. Goup |: TGF- + Gastrin: STZ
di abetic rats %%j\%“% ;tt%a‘f %aP?'IV thg-pﬁeﬁrgaqc 1Bsulxinrﬁ08§p§ ¢fifhe Bqn%rgl conbi nati on
of reconmbitRpRbotBtinBratt@ananAndas ks theh bfe Al thADF hbMnal rats 2Ot BI0ARAT at i ons
were adm nistered at a dose of 0.8 g/day for 10 days.

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

i0 STZ animals treated with a combination of TGF-o. 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 /n Vive Treatment with TGFE-¢. 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 ¢ither a combination of
TGF-a 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 TFGe. 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.



20 Group 11: Control: STZ diabetic rats received an i.p. inj ectldpgoFEB 2007
vehicle alone for 10 days. At the end of the study period, all aninmals
wer e sacW@ dxwdozand sanpl es of pancreas taken 25 and ana’lcym:i/aﬁmdescrl bed
in Exanple 1; the results are given in Table 2. 2 2 FEB 2007 WD 03/100024
PCT/ US03/ 16660 24 Table 2 Treatnent ¢f Streptozotocin Rats with TG--a and
Gastrin Pancreatic Insulin Content Treatnent (g Insulin/ng protein)
Control (STZ alone) 6.062.1 STZ plus TG--a + Gastrin 26.78.9 The induction
of diabetes by STZ was successful and produced a noderate but 5 sustained
degree of hyperglycem a. Total insulinopaenia was not sought so as to
ensure that the study animals ret alﬁﬁmgéc;.{unctlonl ng, but reduced (3-cell
mass. As shown in Taliféect : ety Wel hinendont ent of the
control streptozotocin trrsalhledoﬁamrrﬁlmabm HremasAmlnmﬁs one third that of
normal rats (20.6 + 6.0 ng insulin/ng protein, see Table 1 above) as a
resslt of destZuckéd et vadre ()aameﬂ bS303&aytsta§T@prémmiﬁ]yamlﬁﬂaﬁ@h‘@r to eat ed
V\nthac({%lnatlon of TGF gastrin, pancreatic insulin content

was nor e $eNElRPPSHefobEdtyy @&Pldﬁ the liabgiers m@ kafefﬁatﬁé&e(élpwa faifpzagtpeameal and

above) . Ercra e S BRI AR ke AT I BRGNP LT 11 on

| PGIT i n al®TWetenokieded 1ii)|tlu‘.tm1dycas,€lasamnbé bdlow. dgiteuats weeaiapaigeeddaly foei ght
103g) of

days wi t has Tzléagmeg;t (%d O;S’eS‘S’rﬁ“Q @fqb\éY‘? E?V dsre%ﬁﬁvn (.n=6/gr. a'ﬁta%’ 6%85 b eat f or 10

gas_lt)r I N OgnsBARE diftR ek imgudNePRfk @uh‘ﬁf&@né’@ﬁat@@é@déﬁ 2840108 wak hoﬂfﬁhfed%‘} ad ays
0, 6, 20 and 10. In order to establish that this insulin was both sécreted

and functSignffant iRGeve inddeed glitegse lgyelst ay ermeharett todheyletds in sgermgehddloareal
gl ucose té) Lance tests (1 PGIT) were performed follow ng an overni ght
fast. Bl oo sarrpl es were obtained fromthe tail vein, before and 30,

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-o 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-o 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-o + gastrin was without effect on normal weight gain. Within error limits body
weight gain was identical in all the groups.
The effect of TGF-a + 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 1 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-a +

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



60 and 120 minutes after administration of an i.p. glucose inject 'Qo;rggtzgm
dose of 2 g/ kg body weight. Blood glucose determ nations were perforne S
above. TeO bd/owok4gl ucose | evels 25 were simlar in both pimudys/geseups at
time O but the TFGct and gastrin treated rats denonstrated a 50% reducti on
in blood glucose values (Figure 1), agsconpared to control rats at 30, 60,
and 120 min. followng the i.p. glucose load. 2 2 FEB 2007 WO 03/100024
PCT/ US03/ 16660 25 Exanple 4 Effects of TGF-a and Gastrin on Body Wi ght
Gai n and tolohesglanimdBowhethér drnobihap edeestrétanwititiiergad sthFadtousloe withaRES. wer e
obt ai ned .at 30 days of age roxi mately 10-15 days prior to devel opnent
of obesit .es%@églﬁ%ge fwnd‘i“zggggé%bﬁkoﬁ’mén‘%ﬁ@}é@rz-r ats (genotype falfa,

aut osomal recessive nutation for obesity and di abetes), |ean non-diabetic
littermates (genotype +/+) also were included in the study as descri bed
bel ow. The rats were nonitored daily for devel opnent of obesity and

di abetes by determ ning body wei ght and bl ood gl ucose. The 10 onset of

di abetes in Zucker rats usually started between days 45-50 and was
confirmed by a significant increase in blood glucose |evels, 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 | and 2 (lean, non-di abetic)
were treated with a TGF-a and gastrin conbination or PBS respectively 15
fromday O to day 10. G oups 3, 4 and 5 included obese, early diabetic
Zucker rats, genotype fa/fa. Goup 3 received a conbination pretreatnent
for 15 days (day -15 to day 0) prior to onset of diabetes and conti nuing
post onset of diabetes for 10 additional days (day O to day 10). Goup 4
was treated with a conmbination of TG--a and gastrin for 10 days after

onset of diabetes and Group 5 was treated with PBS over the sane tine
period. At the end 20 of the study, the rats were sacrificed and the
pancreas renoved. Small biopsies were taken from separate representative
sites for protein and insulin determ nations as described above. The body
wei ght gain in obese diabetic Zucker rats with pretreatnent, treatnent 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

prol onged treatnment (25 days, group 3) 25 with TG--a + gastrin was w t hout
effect on normal weight gain. Wthin error limts body



treatnent on fasting bl ood glucose in the obese Zucker rats was
to the cOYQBEHEAMI ng PBS controls. Fasting bl ood gl ucose PRASUSOB/I§650
significantly increased by day 15 (4.0 0.6 vs. 5.0 0.2) and this tine
poi nt was 30 chosen as the starting tppe for the 10-day treatnent period
wth TG--a + gastrin or with PBS control. Fasting blood glucose |evels
were not significantly altered by the TG--a + gastrin treatnment or by PBS.
Fasting bl ood glucose values were lower in |lean, as conpared 2 2 FEB 2007
WO 03/100024 PCT/ US03/ 16660 26 to obese aninmals whether or not they were
treated with the growh factors or with PBS. These results are shown in
Table 3, below, and Figure 2. 2 2=E 2067 oWDA03#£100024 PCT/ US03/ 16660 27
'

wei ght gain was identical in all the groups. The effect of TGF-a oY
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Table 3
Treatment (days) PBS Control

Condition
lean, non-diabetic

lean, non-diabetic

obese, early diabetic
obese, early diabetic
obese, early diabetic

+/+

i+
fa/fa
fa/fa
fa/fa

Geotype

N Fn

Group
i
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03/ 10002VPE¥1006233/ 16660 28 Exanpl e 5 Dose- Dependent Ef fREWVESBMG6A6H Vi vo
Treatment with Gastrin on Fasting Blood Qucose in NOD Mce with Chronic

I nsul i n- Dependent Di abetes The purposg of this experinment was to determ ne
whether a gastrin alone can 5 prevent devel opment of severe hyperglycem a
and death in NOD mice with chronic insulin-dependent diabetes. NOD nice
with chronic insulin-dependent di abeisampinsl naintained on insulin therapy
ver e di st r Dosd-Bepéndent Efifdctsasfen vibriaitiRat wilh GaBgintongabetk BNbHA mudosé invehicl e
(n=4); (ii) G1 1 pydDhiay wiliCHeenit Ir&u]:ﬁv‘.ﬂ) nQéHUD{at(eEbs— ~days,
(itii) G1 5 pg/kg/day, given i1.p. twcé or 28 days (iv) G1

10 1t g/ kg/ day, Tl?e%t@bd’s@%f lhlﬁexptemn@ﬁ’t WAl tbﬁe(eﬂnme@heﬁféfa%gsthﬁ‘m%ne L‘fﬂﬁu' in
t herapy was stopped 14 days after conmencement of tréat ment . Glis

a 17 as gusyant develamenpt ofseverehypirglysemia andelegthtin MO fcenwith cigogiast ri n

nol ecul e am_no d change | 15, from net
[0 Tou CAnshincRRLAaE ofodtd R OpIed Yo ARE R Mnshit Heffeadon Treutin
t her apy, miibtai@sitonnigsuinahetagyl were AestihRéd inkedigtefent ﬁ’éatﬁ\h’lt %:&ﬁﬁttm&ﬁa groups
remai ned close to |evels recorded at day O except for t group treated

with 10 \Rjyﬂkd))digplcg} (n= 4); (ihiGh! egfkeiiayegiven i.p. twice daily (n = 4) for 28 days,
(iii) G1 5 pg/kg/day, given i.p. twice daily (n = 4) for 28 days, (iv) Gl 10 pgkg/day,
10 given i.p. twice daily (n = 4) for 28 days. Insulin therapy was stopped 14 days after

commencement of treatment with G1. G1 is a 17 aa gastrin analog that is the same
length as the native gastrin molecule but contains a single amino acid change at position
15 from met to leu.
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 pg/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 (DK A) 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 pgrkg/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 In 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



a decrease in FBG At day 28, 14 days after the cessation of insué)

therapy, all animals in the vehicle group died fromdi abetic ket chEBsmﬁ?
(DI CA) siME&3 /K24 hese nice were conpletely dependent orPGTAEINBAIEE60
injections. However all mce treated with G 1 survived 20 without insulin
treatment for 2 weeks. Fasting blood gd ucose levels for mce treated wth
| pg/kg/day of G 1 remained el evated but there was a correspondi ng decrease
of fasting blood glucose levels with increasing dose of G| (5 and 10

pa/ kg/ daydiffemmstmanném eroups tréated Withufievehicld res d);dd) Bl 8126 woltkaalay t gieeai ment
with gastrin sign Ve Iuo control, wthou use of
insulin t’%?‘@ﬁ?ga"ynd %otlﬁ}[@%fj&} @Qa@b? Yi %fé’?ﬂﬂh“d@ﬁéﬁ’%é&ﬁ’[ ' ce.
Exanpl e 6gpse mr’gqg%f( &k 8 6f Iry Fasti ng
Bl ood G ucosz |dr?§ < )\f/\n%faﬁ Cﬁr%drﬁbcagll&gﬁ |lﬁ%D1;T%‘]%(§la gﬂnﬁ%u}ﬁ{ﬁeﬁg 30 The
pur pose ofvaStSItﬂweékﬁ)éwSrﬁém corpmencetientofitraatmen atitheli 1. albl BGF icaminpagdent

dev Ioprrel?% of severe hyperglycem a and death and can increase pancreatic
insalin ?I?%EH? ‘in NOD mce with chronic insulin-dependent diabetes. NOD
mce W th chr dibg dal I@&U|dh$71'1416@1%9@’ﬁi@%nﬁha@@%&ﬁnﬁﬂﬁm@'oﬂﬁﬁduﬂﬁﬂle%%) i nsulin

t herapy were distributed i1nto 2 2 FEB 2007 WD 03/100024 PCT/ U 83/ 16660 29
di ff er ent aﬁtr@é%mluwseﬁ%%i }eé@l@&ra\lrhgtrqanPS(tre)itedeﬁtchbde(mpmtraﬁyd adpser El 0. 25
g/ kg/ day, t | |1 g/kg/day,
given i. de%%%&ﬂted &al F‘;’/ )(ﬂnﬁaiﬁl §?§S @rtﬁ? Ce&ra &P?PI {lﬁi\? ‘é‘% E%‘%&Ey, given i.p.

twi ce dal dnfméle uFthé)ve]ﬁlore @Bupiayé frohftﬁweltlﬂ kEfdﬁdSld@sls (DRS) §1h@ml€tﬁes%4mdays after
comrencement of atnment with El IS ani no_aci

Fr ofh day W€ &OHR t Y deRgRds Oph%waﬂﬁrﬁ%ﬂt@n@ve}necqqﬁam%l IHQQ 1Bise frﬁgtaqi mtht hgr apy,
fasting btpggvﬂlﬁ‘%ﬁgut(xgm ih t@(‘!tﬁinsfof Q(NCQH Ig 583'1'321%, tf)cegéc?&sw nfB&ror

denonstrated a dose- depende ecrease. days after the
cessat i onthcﬁlttmstﬁldlgnoumecmmwd stbddy aaiﬁvaialo@semedhe) wexdkis pHer exceptgorcthed from

depondent SO FHATH VB O YA O1E] R OHTLgE TEG TS esael PR vi (h &

survi ved S\éetl:h%% 51 Mhedel datd SHoRCthhtQReafn®int %}Wﬁ 5 ghﬁicé‘ﬁﬂ) fpRPdves %ﬂl@oﬁe crease

in FBG for e El-treated groups renmi ned stea I'eveél s observed two
weelRs pri eantrek odiboutbe ushef ingliodherepye in dtonicelly dlalz«ﬁwpgﬂulhgfd@ia@ndglﬁt El in
whi ch theNg%qn{ %]THI ned el evated at day 28.

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 ng/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. Elisa 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



See Figure 5. These data show that treatnent with EG- signific tzl ﬁEB 2007
i nproves glucose 15 control, w thout the use of insulin therapy; T

chroni caM@oxioast i ¢ i nsul i n-dependent NOD mi ce. Exanpl ecCt/iSobeete of an
In Vivo Treatnent with Gastrin or EGF on Fasting Bl ood d ucose and 20
Pancreatic Insulin Content in NOD M cg Wi th Recent Onset Diabetes The
purpose of this experinent was to determ ne whether either a gastrin or an
EGF al one can inprove diabetic conditions in NOD mce with recent onset

di abet es this Msamaohe;ae} dilebeilineogdiedh stﬁrﬁﬁlﬁie@bgl wﬁ%a@trmmtﬁeﬂkﬁjdleﬁﬁr di abet es
devel opment (fasti bl ood gl ucose, FBG > After diabetes
onset, mce@pPHRSAtES Buctignoh these qulﬁ \s‘»‘emmu@’(nf’aﬂcmﬁhc wealjn levels algp kg/ day,
given i. VAT ) i , given i.p.
once dai B@e" Hx‘é?suﬁ?d: oar11 a?xﬂn %}gyg;ngf\ﬁ '%ﬁ%{ﬁ iev% fsrﬂ%r)cveeiﬁélee ﬁ%agé(f%%?éepl acenent

t r eat nentdecrieast iandayod Hdet tgldagngton eﬂ[&bsllsaMemmmmalsmauea swihieithbeRELS wer e
m)nltored El .i.s a 51 am no aci nalo Whereas GL.is a gastri n anal og

that is theexhibiicd Sr&’é%@ctaﬁﬂ&gletfﬁéf W&?‘F\? pwaﬂlphn%ule f%#%ﬂw%paémgv e ani no
aci d cha

fasting bl ogeg;mf}g?g@gpgﬁéggu slg \s\l[g(rj% %%Sgﬁagg%g tgg]?&g%gurd& y(éaal@ér%lofevel S
of ani nnltsaatmmmfdi amht:ﬂﬁbolt Géaftcﬁlremnt Giset efhdiaredad 1o NE¥2 miteocanaharesser ecor ded

at di abetes onset e of o str tio t cells
T 5 FER R b PRl S RaY Jpets RS a SR 1 ol et
cel | neogenRRshfiershérapy AtsePpply EG- or gastrin at the very |least conpensates
the destruction of these ceI | s.” See Figure 7. Pancreatic insulin |levels
al & were neasured in all animals. Pancreatic insulin levels for
vehicle-treated controls decr eased : 35 due to destruction of
0-cell's, whereas anltmal§ {
S|gn|f|cantly e : 28115 s Feonpari son to
the pretreatnment val ues. g dem)nstrates that a
short course (14 d s tre nt vvlth elther 1or G. 1 after cent
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Blood samples were takcn and were assayed as described above. The data show (Figure

8A) that the blood glucose 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 { 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 ug per graft), as compared to the insulin content in islet grafis 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 ug insulin per graft).

30 Immunocylochemical 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 P cells in islet grafts in mice treated with vehicle



Characterization of Human Islet G afts Transplanted to M ce and jrg:@'ggdzgd?n
Vivo with a Gastrin and an EGF M ce were transplanted with human~isl ets
(2000 i sve@ 0FpdD24al ent) under the 15 ki dney capsul e and PEaYEIFdeHNI St er ed
1.5 g/ kg of glucose I.V. as a hyperglycem c stinulus. Blood sanples were
taken and were assayed as described apove. The data show (Figure 8A) that
the bl ood gl ucose concentration tinme courses were simlar in the

EGF/ gastrin mce and the vehicle treated m ce. However, in response to the
same hypeigkyq e Giglé T, Uhe ol NBurRPRWRB ofls SH4REd bt Rt fiGrdye! eased in

pl asma of EGF/ gastrin-treated mce was nore 20 than five-fold greater than
i N pl asMEEGH/gastin teated meated #6.2 @ 109B2eks)dvat aBo sipnifeshtly gicater thaptipect i vel y;
see Figures 8A and 8Bf), i ndi cati ng that treatnepnt was effective in
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conpar ed ] {4 R ] t a of..m tr 4 h
vehicle ( ugg%ﬁg.l@gégédplgrtﬁgg asrt EH/ EEE t%_ﬁbg;gr %Sgtrtrhgs lg%lgg]rfﬁg %t Jbrgcgt(ﬁﬁlp adnt ation
islets (Imsciﬂsaﬁ: th&]gﬂtgaddﬁlﬁﬂlshappwuf rOF ﬁéﬁu)agioaghdtrgnm @isyt@i/shemltsalhring

exam nati.on of the, man i slet grafts, showed that astrin/E t r eat ment
increasedslph%eog@?eélézaa@@ nyetéb-ﬁ)é’lliQ‘%B@%ﬁié@ﬂrﬁ);i@%ﬂkf #isH20.7 1.29,
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oreater (HAHIBHERSS (b o@py b ek T § eFmHERRTERACRIP e BRTRE 2. 6 0. 2 x
106 p- cel lysntifiedrellyimbRank ﬁ%hﬂ&ﬁﬁ@ﬂ?:%ﬁt%I@D%Stﬁ'aB&nt%4?/§|dh§Pfiﬂ1aHhﬂo_@lﬁ@ftS from
gastrin/EGF treated mce, as conpared to the grafts 5 fromvehicle treated

m ce, revigaicast inthe peereptisd Pi andlvoseereting cplds; oelinating that pestmn/Ebétreafmangl | s in
response to strin/ EG-. tr nment.. ((Tabl.e 4). Furt.her, the proportion of
18 ot o HPHGRER AR eBER & PR aisdn B 6 bl Pesepinbrasien grafts. This
i's significantcehpaed (the Bledfplafidbn BRI, By rReckH UG REanlaR@iaH theR vaas a
precursor population that gives rise to islet cells during .

decrease in the number 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 CK 19 cells) compared to the vehicle treated (26%) and the

20 pre-implantation tissue (20%).



i sl et neogenesis (Gwr, V. et al., 2001, Di abetes 49:1671-80; ?@taa?
Cell 10 Transplantation, 2001, 10: 109-121). Pancreatic islets conpr
proporti VO o¥108628m cel | s, variously estimted to be abowcTamses/fidsha h to
one-third of the total cells in an islet. Table 4 also illustrates that
upon treatnment with a gastrin/EGF conffosition, the percentage of

identified cells increases from about 53% or 59%to about 84% due
primarily to the increase in the percents of (3 and a secreting cells,
indicating that gastrin/EG- treatnment 15 stinulates differentiation of stem
cells inthe islets into insulin secreting cells. Conpared to the
preimplantation islets, bye8 weeks after transplantation there was a
decrease in the nunber of Zcinar cells in both gastrin/ EGF and vehicle
treated mce. Overall, thg cell conposition in the gastrin/EG- grafts show
a shift towards islet dif#eréntiation £62%islet and CK19 cells) conpared
to the vehicle treated (26% and the 20 pre-inplantation tissue (20%. 2 2
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Treatment with gastrin/EGF induced increases in insulin-positive -cells in human
islets implanted in NOD-SCID mice. In Figure 11, the upper panels (data from cells from
an intact islet graft) show that insulin-staining B-celis were more abundant in a human islet

5 graft from a mouse administered gastrin/EGF therapy, than from a mouse administered
vehicle. The lower panels (data from isolated islet graft cells) show that the number of
insulin-staining cells detected by immunoperoxidase was much greater in a dissociated cell
preparation from a human islet graft harvested from a mouse treated with gastrin/EGF as
compared to a vehicle-treated mouse.

10 Treatment of mice with gastrin/EGF significantly increased expression of the
amount of a marker for potential islet B -cells, the marker being precursor transcription
factor PDX1 in human islet cells (Figures 12 and 13). This protein, encoded by the
pancreatic and duodenal homeobox gene 1 (PDX-1), is central in regulating pancreatic
development and islet cell function, and it regulates insulin gene expression.

15 Colocalization of PDX]1 and insulin expression was also observed, as shown in both
figures. These data demonstrate that gastrin/EGF induces PDX1 expression and increases

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 ug/kg/day, for 6 weeks given l.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.
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W0 037100 2041'1t 5)655/ 1S ets?(é‘&oesu? 9 lgﬂceiis) using the stem cell content of an islet as 25% of the
total cell number, or about 2 x10° stem cells per islet (see Table 4 for total approximate cell
number per islet).
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 EGF5S1N, and
about 100 pg/kg of hGastrin 1-17Leul$, 1.p., twice daily in vehicle. Insulin therz;xpy 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.
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sufficien sulin, conpared t he nunber of stemcells requiréd in the
control group. Aﬂerafurther4wecks of incubation without EGF or gastrin added, there was a

20 continued increase of f-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 8245% 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
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preparations in vitro for further transplantation in diabetic patients.

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 B-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 f§-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 insulin content of the
pancreas. The above results demonstrate that a combination of TGF-o. 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-c. 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
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pancr eas Medifsatigisdbeitbecomhespriagent 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.
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38 1sWHAT 3.S CLAhdMREIhb&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 celis from one

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

established stem c¢ell 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
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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-celis 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/mi and said

amount of said gastrin receptor ligand is about 0.6 pg/mi 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



one marker associated with precursor mammalian pancreatic cells wl £ZhFEB 2007
| east one gastrin receptor ligand in an anpunt sufficient to effect

di fferenwwabi/mooaf said 10 precursor manmel i an pancreati ecaaldosi6edher ei n
about 10%to about 20% of said cells express said marker, whereby a
plurality of functional mature (3-cel#ts are obtained. 10. The net hod
according to Caim9, wherein said cells are provided with at |east one 15
EGF receptor ligand in an anmount sufficient to induce expansion of said
popul ati on ofarg bymeari @mercingat ure (3-cells by about 2-fold to about 5-fold.
11. The nmet hod according to C aim 10, wherein expansion is about 3-fold to
about 4- fold. 20 12. The nethod according to Caim9, wherein said

provi di ngel s iThehdthed A06kdfaitel ClafDYRiheddin S ghstriairedcpfoR Pip@id isihgaag s about
0.1 pg/m to about 1.0 g/m and sai d anount of said gastrin receptor
ligand i s abowdsong-bgleuist o about 3 g/m. 25 13. The nethod according to
Gaim9, wherein said providing is in vitro and said anmount of said EGF
receptor ligand is about 0.2 pg/m to about 0.5 pg/m and said anount of
sai d gastlii n rEeepithed ddcoaimg to Claholl, whebeiViilerBGE secefiotiligahdss Inghad . 14. The
met hod accordi %@%CI aim9, wherein said plurality of functional mature
(3- 30 cells eé}:(g]F PDX-1. 15. The nethod according to Caim9 , wherein
precursor mamral i an pancreatic cells 2 2 FEB 2007 WD 03/100024

PCT/ US03/ 16660 40 are human or porcine. 16. The nethod according to Claim
9, wher ei .t heA gempeditionr @ogpisig: | i gand is human gastrin 1-17/Leul S. 5 17.
The net hod accordi erein thgfeEGF receptor i

%g tlo Caim10, i\ﬁg‘ | ||%3?d ]is human
EGRBIN. 18. A cofftlFiFEncaumiiest yrabinobProdieraliog malyre PRBSHHICST figsa
plurality of ppalihehdlhd ncPARE REAIL Gre(oB et by th Qlof pRh
proliferating parﬁclr ealt }p(lr: gerggllg%lg acr e ol?t a|i nerg by t héj'i’me(t3 ﬁ%g{oof Br ovclglaif ng

at least one gastrin receptor ligand and at least one EGF receptor ligand, and

wherein said cell culture is enriched in CK 19 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 CK.19.

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.



at least one gastrin receptor ligand and at | east one EGF recept @r 72| FRRIG07
and wherein said cell culture is enriched in CK19 ductal cells and have

i ncreased expression of PDX-l as conpared to cells not provided with a
gastrin receptor 15 ligand and an EGF receptor ligand. 19. A popul ation of
manmal i an pancreatic precursor cells enriched to contain at |east 20%
precursor cell expressing CK19. 20 2041 A nethod for screening for a
conmpound that stinmulates islet cell differentiation, said nethod
conprising: providing a population of nmammal i an pancreatic precursor cells
wi th saidsjco | Tole 'gﬁﬂg; and
detecting2%kp?2§§?%ﬁéggx%%§g%82éy?H@%ES§§§%}gﬂ?%ﬁgglggﬁgg%g&%%gn effects
i sl et 25regeeptor Hgdrfdas en¢ baticonof 2 g@trhER 28Mlecydtbkidin orfamattivednaogor di ng to
any one of. cl ai 1 to 15 and 17 wherein the gastri receptar ligand is
ot or - mofBEBFIIRGIEG B o PR Sy GBI T ORGSR A og or
fragnment thereto, or a conpound that increases secretion of endogenous
gastrins. 22. A nethod according to claim21 wherein the gastrin receptor
ligand is2& gdsmethpd a@ordingrde haimagt ovlgireiy the gesteinnecepipreligand tshe nar ker

is CK19, %Qgﬂgastrin receptor ligand is gastrin, and said popul ati on of
precur sor “manmal i an pancreatic cells conprises a plurality of stemcells

or ductal epithelial cells. 24. A nethod according to any one of clains 1
to 15 and 17 wherein the gastrin_receptor ligand is a conpound that

i ncr eases 23ecr ét MHasF anEbpe o udaigadt vherein 95 markgp i 68 196 dbs @Gt 0 cl ai m
24 wh i ) i . ¢
it 5t RO Hadn SR EAd HoBladh. of PELIGY AGRAESIT BurRafBY 20° ©

EGF1- 48, EaEleohfnisEGphibRitpof stetraatisrenducal epidieliavellanal og t hereof, TGFa

1-48, TGFal-47, TGrFal-51, anphiregulin, or pox virus growh factor. 27. A
nmet hod according to any one of clains 1 to 26, wherein the precursor

manmal i an JRancre o dCRbRinY ® £ M Adifs 08U dhadt7 WRdSn A8 %RKRCUT SO
cells expressing CKI19.

receptor ligand is a compound that increases secretion of endogenous gastrins.
25. A method according to claim 24 wherein the compound is omeprazole.

26. A method according to any one of claims 1 to 16 and 21 to 25 wherein the
EGF receptor ligand is EGF1-53, EGF1-48, EGF1-49, EGF1-52 or a fragment or
active analog thereof, TGFu 1-48, TGFal-47, TGFal-51, amphiregulin, or pox virus
growth factor.

27. A method according to any one of claims 1 to 26, wherein the precursor
mammalian pancreatic cells are enriched to contain at least 20% precursor cells

expressing CK.19.

28. A composition comprising a cell culture comprising a plurality of functional

mature pancreatic p-cells obtained by a method according to any preceding claim.

29. A composition according to claim 28 wherein said cell culture is enriched in
CK19 ductal cells that have increased expression of PDX-1 as compared to cells not

provided with a gastrin receptor ligand.



28. A conposition conprising a cell culture conprising a plurali

functional mature pancreatic (3-cells obtained by a nethod acco 021 %Bt 8007
any preceding claim 29. A conposition according to claim28 wherein said
cell culture is enriched in CK19 ductal cells that have increased
expression of PDX-1 as conpared to cells not provided with a gastrin
receptor ligand. 2 2 FEB 2007 42 30.4A conposition conprising: a cell
culture conprising a plturality of proliferating mature pancreatic 3-cells,
wherein said proliferati ng pancreatic R—cells are obtained by a nmethod of

provi di ng ast _one.gastrin .L.ecept o and V\/nere eI I
culture |gaenr ché’&‘l’oﬁ“‘ 1§01388§13$ celﬁeg tﬁ@frehé:v@ppﬁlggegsgdl ﬁifﬂA’preSS| on of
PDX-1 as ?ﬁim%ﬁﬂg hRnge é}]aﬁcr&ﬁi BN, Gafbrath tshidaproRtdtin Trg FaReRRi®Op-dilgand.

31. Use of a gastrin and an EGF for the [)ﬁeparatlon of ‘a nmedi canent for

treating arwpbtamedhtafoetresthpdn o mramdmt athleastr eires ghenin i ragppias| kgavds pdn one or

pat ront IR rich s ARl ISR Sk TR el IR RERRFCTRAR ont 1o

i ncrease tehp[emm@ﬂpmx lfaé;l‘t@hip@fbdho balsettospifmdedtvh&m@dlm Rlct@or ligddd. An ex
vivo nmethod for decreasing the nunber of donor pancreases required for
islet transplantation to a patient with Type 1 diabetes, said method

compr i s ngy_cORIRGTNAsk A Slisul EQRSAL plONRK ARG 2 @zﬁ?éﬁ‘ffrtf&t?eﬂ trin and

an EGF in an anount i cl ent the nu unction islets
for transflyantlatiabangs m/raepaeﬂayt biheransplantisg isbdts ﬂonmnqmnnoeakmm pa&gHas ed f or

each trans% ﬁlnt aél on |sdg g sed.. 33. A nethod accoLdl ng,to cl.ai

or 32 whertdtPaYHaACTALEHFG Wit t@%E}eF‘WF\m@E mtoghe patignty wherglsthe igastgn gp an

anal og, f rERGMBRyreQht Hpghi)ﬁrﬁﬁgﬁfﬁ@leﬁtht%rlﬁélfease‘?tﬂe nfmBEt fofndsdar fleddiko claim
31, 32, or 33 V\/ner ein the EGF receptor ligand i1s EG-1-53, EGF1-48,

EGF1- 49, BEGRgplsmatton.a fragment or active anal og thereof. 35. An ex vivo

nmet hod for obtaining a conposition of functional mature pancreatic
(3-cells conprising: (a) treating a popul ation of precursor pancreatic

(3-cells exopressi Bgviohthetiod HPIRrOEinEHSRunis oif dondetphncrelidds rdgéike@forcar boni ¢
anhydrase |1, DU PAN2, carbohydrate antigen 19-9 and nucin 1, with an

EGE receptlet tiansphanitionote aopatieat egfbiToine i lodialkteh, saidanethpeh/OmRISEEept or
contacting islets from said donor pancreases with a gastrin and an EGF in an amount

sufficient to increase the number of functional islets for transplantation, whereby the

number of donor pancreases required for each transplantation is decreased.

33. A method according to claim 22, 31 or 32 wherein the gastrin is gastrin 34,

gastrin 17, gastrin 8 or an analog, fragment, or modification thereof.

34, A method according to claim 31, 32, or 33 wherein the EGF receptor ligand is
EGF1-53, EGF1-48, EGF1-49, EGF1-52 or a fragment or active analog thereof.

35, An ex vivo method for obtaining a composition of functional mature
pancreatic f3-cells comprising:

(a) treating a population of precursor pancreatic B-cells expressing one or

more of CK19, nestin, CK7, CK8, CK18, carbonic anhydrase I, DU-

PAN2, carbohydrate antigen 19-9 and mucin MCUI, with an EGF

receptor ligand alone or in combination with a gastrin/CCK receptor



2 2 FEB 2007 43 ligand in an anount sufficient to increase the Rzggﬁgzmh
precursor pancreatic 3-cells; and (b) treating the increased ng r~-of
precursor pancreatic (3-cells with a gastrin receptor |igand and
optionally an EGF receptor ligand in an amount to effect differentiation
of the precursor pancreatic (3-cells to functional mature pancreatic
(3-cells to obtain a conposition of #unctional mature pancreatic (3-cells.
36. An ex vivo nmethod according to claim35 wherein the precursor
pancreatic (3- cells are from mamrali an precursor pancreatic (3-cells

obt ai ned_from unbi | iligéﬂrge ﬁﬂ%ﬁ%mouﬁ%ﬁggﬁpﬂo ?ﬁ&@a@%gﬁé‘%ﬁm‘ﬁ% Bflhf‘e@uﬁ&em cel |

lines. 37. An ex viv od acco o clarm wherern the precursor
pancreatic (3- cell pasredtRifucedispardcreatic (3-cells are partially or
completely dissociated into isolated cells suitable for transplanting to a
host mammal . 38 Antiexting the inerehrsd rawder dif yequssa | pinereds: PIsllpwith7a wher ei n

the precursor pancreat.ic (3-cells,express 19, An _ex,.vi Vp. hod
according to ol b m getisdelegist Sigia S EREnaTY f B o8Pl W LBl o
ligand is one or noL@eRkt B GBSt Giffr@tiaBok REHRE YRbOKbMpahcRati@P-cclS kb Ve
anal og or fragnent thereto, or a conpound that increases secretion of

endogenous gast ri ns fumt@ondin mexure i pancrestibofi-caldc do dobtgint @ cémapasitB® wher ei n
the gastrin/CCK receptor Jligand is a gastrin. 41. An ex vivo nethod
according to cl ai m%@“%ﬁ@’iﬂé’i‘ u’%et?énﬁ”grﬁ%ttcgﬁ'ﬁelﬁ% gastrin 34, gastrin 17,
gastrin 8 or an analog, fragnent, or nodification thereof. 2 2 FEB 2007 44
42. An ex vivo nethod according to claim35, 36, 37, or 38 wherein the
gastri n/ CGK. r edaptovivbinganel icorlimorpdaino3 3 watreimite @asasos parcedatiof- of
endogenous _gastrins. 43. An ex vivo method according to claim42 wherein

t he CorrpOLi’ﬁHIS pe fr(@mﬂg@q}]a@_precursor pancreatic B-cells obtained from umbilical cords,

embryos or established cultured stem cell lines.

37.  An ex vivo method according to claim 35 wherein the precursor pancreatic -
cells or mature pancreatic B-cells are partially or completely dissociated into isolated

cells suitable for transplanting to a host mammal.

38.  An ex vivo method according to claim 35, 36 or 37 wherein the precursor

pancreatic B-cells express CK19.

30. An ex vivo method according to claim 35, 36, 37, or 38 wherein the
gastrin/CCK receptor ligand is one or more of a gastrin or a cholecystokinin or an
active analog or fragment thereto, or a compound that increases secretion of

endogenous gastrins.

40, An ex vivo method according to claim 39 wherein the gastrin/CCK receptor

ligand is a gastrin.

41.  An ex vivo method according to claim 40 wherein the gastrin is gastrin 34,

gastrin 17, gastrin 8 or an analog, fragment, or modification thereof.



44. An ex vivo nethod according to any one of clains 35 to 43 g?ﬁrg'gﬁﬁ@?
EG- receptor ligand is EGFI-53, EGFI-48, EGFI-49, EGFI-52 or % or
active analog thereof, TGra 1-48, TGral-47, TGral -51, anphiregulin, or pox
virus gromth factor. 45. An ex vivo nethod according to claimany one of
claims 35 to 44 wherein in step (a) or (b) the gastrin/CCK receptor |igand
and/ or EGF receptor ligand are introdygced into the precursor cells by
expression of a chinmeric insulin pronoter- gastrin fusion gene and/or an
EG- receptor ligand gene. 46. Use of a conposition according to any

precedi ng 46! ai My ch N0 %&HB@%H&]@I fto %lar%dbgaggnt”f Qb 4 §Aklag hype |

di abetes by transplantation to a
gastrin/CCK receptor ligand is a compound that increases secretion of endogenous

gastrins.

43.  An ex vivo method according to claim 42 wherein the compound is

omeprazole.

44.  An ex vivo method according to any one of claims 35 to 43 wherein the EGF
receptor ligand is EGF1-53, EGF1-48, EGF1-49, EGF1-52 or a fragment or active
analog thereof, TGFa 1-48, TGFal-47, TGFal1-51, amphiregulin, or pox virus growth

factor.

45.  An ex vivo method according to claim any one of claims 35 to 44 wherein in
step (a) or (b) the gastrin/CCK receptor ligand and/or EGF receptor ligand are
introduced into the precursor cells by expression of a chimeric insulin promoter-

gastrin fusion gene and/or an EGF receptor ligand gene.

46.  Use of a composition according to any preceding claim in the manufacture of

a medicament for treating type I diabetes by transplantation to a subject.



