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This invention relates to a nethod for treating diabetes nellltus IE ﬁﬁk

i ndividual in need thereof by adm nistering to the individual B MAY
conposition conprising a gastrin/CCK 10 receptor |igand and/or an EGF
receptor ligand which effectively pronotes differentiation of pancreatic
islet precursor cells to mature insulin-secreting cells. The nethod is
exenplified by adm nistration of gastrin and transform ng growth factor

al pha (TG--a) either alone or in conbination to normal streptozotocin

(STZ) induced diabetic and genp%mg\h FNENT SO RASSET dﬂsabetl C Zucker rats.
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Background

Diabetes is one of the most common endocrine diseases across all age groups and
20 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 1s
expected to increase more than two-fold by the year 2010.
There are two major forms of diabetes mellitus: insulin-dependent (Type 1) diabetes
mellitus (IDDM) which accounts for 5 to 10% of all cases, and non-insulin-dependent (Type
25 2) diabetes meltitus (NIDDM) which comprises roughly 90% of cases. Type 2 diabetes 1s
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). In both
Type 1 and Type 2 cases, there is a loss of insulin secretion, either through destruction of the
p-cells in the pancreas or defective secretion or production of insulin. In NIDDM, patents
30 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



secretion, but also can include biguanides, a-glucosidase inhibitors,

t hi azol i denedi ones and conbination therapy. It is noteworthy however that
the progressive nature of the disease nechanisms operating in type28 MAY 2004
di abetes are difficult to control. Over 50% of all drug-treated 5 diabetics
denonstrate poor glycemc control within six years, irrespective of the
drug admnistered. Insulin therapy is regarded by many as the | ast resort
in the treatnent of Type 2 diabetes, and there is patient resistance to
the use of insulin. Pancreatic islets devel op fromendodermal stemcells
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pancr eaprot@@ffkevitia@d4eBs. 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 mature islet cells. Pictet and Rutter, supra. Around day 16 in mouse
0 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
specific gene expression. Histologically, islet formation {neogenesis) becomes apparent as
proliferating islets bud from the pancreatic ducts (nesidioblastosis). Just before birth the rate
of islet growth slows, and islet neogenesis and nesidioblastosis becomes much less apparent.
'S Concomitant with this, the islets attain a fully differentiated state with maximal levels of
msulin gene expression. Therefore, similar to many organs, the completion of cellular
differentiation is associated with reduced regenerative potential; the differentiated adult
pancreas does not have either the same regenerative potential or proliferative capacity as the

developing pancreas.



Since differentiation of protodifferentiated precursors occurs during late
fetal devel opnent of the pancreas. the factors regulating islet
differentiation are likely to be expressed in the pancreas during LAY 2006
period. One of the genes expressed during islet devel opnment encodes the
gastrointestinal peptide, gastrin. Al though gastrin acts in the adult 5 as
a gastric hornone regulating acid secretion, the major site of gastrin
expression in the fetus is the pancreatig islets. Brand and Fuller, J.
Bi ol Chem, 263:5341-5347 (1988). Expression of gastrin in the pancreatic
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It is therefore of interest to identify agents that stimulate islet cell regeneration which

could be of value in the treatment of early IDDM and in the prevention of g-cell deficiency in
NIDDM.

20 Citations of a reference herein shall not be construed as an admission that such

reference is prior art to the present invention.

RELEVANT LITERATURE

Three growth factors are implicated in the development of the fetal pancreas, gastrin,
25 transforming growth factor o (TGF-¢) and epidermal growth factor (EGF) (Brand and Fuller,
J. Biol. Chem. 263:5341-5347). Transgenic mice over expressing TGF-¢ or gastrin alone did
not demonstrate active islet cell growth, however mice expressing both transgenes displayed
significantly increased islet cell mass (Wang er al, (1993) J Clin Invest 92:1349-1356).
Bouwens and Pipeleers (1998) Diaberoligia 41:629-633 report that there is a high proportion

30 of budding p-cells in the normai adult human pancreas and 15% of all p-cells were found as



4 single units. Single Rcell foci are not conmonly seen in adult

(unstimul ated) rat pancreas; Wang et at ((1995) D abetol ogia 38: 14@3- mﬂﬂﬂf'
report a frequency of approximately 1 % of total P-cell nunber. Insulin

i ndependence in a Type 1 diabetic patient after encapsulated islet 5
transplantation is described in Soon-Shiong et at (1994) Lancet 343:950-51.
Al so see Sasaki et at (1998 Jun 15) Transplantation 65(11):1510-1512; Zhou
et at (1998 May) Ain J Physiol 274(5 Pt 41):C1356-1362; Soon- Shiong et at
(1990 Jun) Postgrad Med 87(8):133-134; Kendall et at (1996 Jun) Di abetes
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The invention provides methods for treating diabetes mellitus in a patient in need

thereof by administering a composition providing a gastrin/CCK receptor ligand, an EGF

20 receptor ligand, or a combination of both in an amount sufficient to effect differentiation of

' the patient's pancreatic islet precursor cells to mature insulin-secreting cells. The composition
can be administered systemically or expressed in sizu by host cells containing a nucleic acid
construct in an expression vector wherein the nucleic acid construct comprises a coding
sequence for a gastrin CCK receptor ligand or a coding sequence for an EGF receptor ligand,

25 together with transcriptional and translational regulatory regions functional in pancreatic islet
precursor cells.  Also provided are methods and compositions for treating diabetes in a patient
in need thereof by implanting into a diabetic patient pancreatic islet cells that have been exposed
in culture to a sufficient amount of a gastrin/CCK receptor ligand and an EGF receptor ligand to

increase the number of pancreatic beta cells in the islets; optionally the population of pancreatic



5 beta cells can be grown in culture for a tinme sufficient to expand the
popul ation of 3-cells prior to transplantation. The nethods and -
conpositions find use in treating patients with diabetes. BRIEF 18 MAY 2004
DESCRI PTI ONF THE DRAWNGS 5 Figure 1A is an inmage that shows numerous
insulin staining cells in the nmetaplastic ducts fromthe TGF-a transgenic
pancreas upon i munoperoxi dase staining. Figure | Bis an 1image that shows
t hat nost ductular cells stained |ess intensely for insulin, while
occasional ductular cells did stain with the sane intensity of insulin
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=counti ng norphongtric data which show that co-expression of gastrin and

TGF-a in the HijB&ASL TG dmpgenof tha pasdregaic his@hidyyof anNSEHSS A Qg metsetussBss
conpared to the islet mass of the correspondi ng non-transgenic control
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most severely abnormal histology in the five animals used. Figure 3B is an image of the

pancreatic histology of a control mouse from Example 3. Figure 3C is an image of the
pancreatic histology of a TGF-g mouse from Example 3. This ﬁelti of a TGF-g mouse
20 pancreas from the study reported in Example 3 was typical and showed the interstitial
cellularity and fibrosis combined with florid ductular metaplasia that has been described by
Jhappan, et al, supra.
Figure 4A is a histogram graphically illustrating point=counting morphometric data
which confirmed that at 17 weeks the pancreas of the INSGAS/TGF-g mice had lower duct
25 mass than the pancreas of the TGF-¢, mice based on the study reported in Example 3. Figure
4B is a histogram which graphically illustrates point=counting morphometric data which
show that co-expression of gastrin and TGF-4 in the INSGAS/TGF-o pancreas significantly
increased the islet mass compared to the islet mass of the corresponding non-transgenic
control mice. Further, TGF-, expression alone does not increase islet mass. These data are

30 based on the studies illustrated in Example 3.



2 0 MAY 2004 6 Figure 5 shows the effects of TGF-a and gastrin on gl ucose
tol erance in streptozotocin induced diabetic Wstar rats treated @ﬁhhb%ﬁ§
(open circles) or a conbination of TG—-a and gastrin i.p. daily f &
days (open squares). Figure 6 shows the effect of TGF-a and gastrin
treatnment on p-cell neogenesis in three groups of treated Zucker rats
together with the correspondi ng PBS controls (n = 6 per group) as
described in Exanple 7. The bar | abeled 1 represents | ean TFG + gastrin,
the bar |abeled 4 represents ob TGF + gastrin, the bar | abeled 5
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and obese Zucker rats. p-cell neogenesis is quantified by differential counting of total p-cells

and newly generated single g-cell foci and is expressed as a percentage of total g-cells
counted. The percentage or single p-cell foci in lean Zucker rats treated with the growth
factor combination was 10.5 + 0.9 compared to 3.9 1+ 1.1 (p = 0.004) in the corresponding
PBS control (Figs. 7A and 7B). In the obese Zucker rats, the percent single 5-_{:{:11 foci in the
pretreatment group was 8.7 + 1.3 vs. 4.2 + 1.1 (p = 0.0015) in the corresponding control
group (Figs. 7C and 7D). Fig. 7E is a 400 x magnification of the ductal region of Fig. 7C

(indicated by an arrow) and provides clear evidence of the budding of insulin-containing B-

cells from the ductal epithelial cells characteristic of -cell neogenesis.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The 1nvention provides methods for treating diabetes mellitus in a patient in need
thereof by administering a composition providing a gastrin/CCK receptor ligand such as
gastrin, an EGF receptor ligand, such as TGF-¢, 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. generaily it is provided by
injection, preferably intravenously, in a physiologically acceptable carrier. When the

composition 1s expressed in sifu, pancreatic islet precursor cells are transformed either in ex



gastrin, an EGF receptor ligand, such as TGF-a, or a conbination of both in
an amount sufficient to effect differentiation of pancreatic islet?8 MAY 2004
precursor cells to mature insulin-secreting cells. Wen the conposition is
adm ni stered systemcally, generally it is provided by injection,
preferably intravenously, in a physiologically acceptable carrier. Wen the
conposition is expressed in situ, pancreatic islet precursor cells are
transforned either in ex 2 8 MAY 2004 7 vivo or in vivo with one or nore
nucl ei c acid expression constructs in an expression vector which provides
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retina, kidney, and nerves, (m crovascul ar conplications), and those

affecting the large bl ood vessel s supplying the heart, brain, and | ower
l'i mbs The subject invention offers advantages over existing treatment regimens for diabetic

patients. By providing a means to stimulate the adult pancreas to regenerate, not only is the

20 need for traditional drug therapy (Type 2} or insulin therapy (Type 1 and Type 2) reduced or
even eliminated, but the maintenance of norma) blood ghucose levels also may reduce some of
the more debilitating complications of diabetes. Diabetic complications include those affecting
the small blood vessels in the retina, kidney, and nerves, (microvascular complications), and
those affecting the large blood vessels supplying the heart, brain, and lower limbs

25 (mascrovascular complications). Diabetic microvascular complications are the leading cause
of new blindness in people 20-74 years old, and account for 35% of all new cases of end-stage
renal disease. Over 60% of diabetics are affected by neuropathy. Diabetes accounts for 50%
of all non-traumatic amputations in the USA, primarily as a result of diabetic macrovascular
disease, and diabetics have a death rate from coronary artery disease that is 2.5 times that of

30 non-diabetics. Hyperglycemia is believed to initiate and accelerate progression of diabetic

microvascular complications. Use of the various current treatment regimens cannol
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Exanpl esnibitet' 6RichGhcfcas@PtOK siingiaigisn. i ncl ude EGFI -53, and fragments and
active anal ogs thereof, including EGF1-48, EGFI-52, EGFl-49. See, for

exanpl e, USPNASusEadheres, the team @G;\Erpftceptarrixghmd:leem@ﬁxpasseecempomndsngands
a0t nenmule MeBORHeSo e RRE Y u AOSE RaRpI iebio s mathgsei o 491%F B h
factor agsw®ldr iashotdigs 1r5§5ﬁdﬁﬁca¢§8 e sin@ARES AddBEnesis of insulin-producing
pancreatic islet ceils is induced. Examples of such EGF receptor ligands inciude EGF1-53,
and fragments and active analogs thereof, including EGF1-48, EGF1-52, EGF1-49. See, for
example, USPN 5,434,135, Other examples include TGF-¢ receptbr ligands (1-50) and
20 fragments and active analogs thereof, including 1-48, 1-47 and other EGF receptor ligands
: such as amphiregulin and pox virus growth factor as well as other EGF receptor ligands that
demonstrate the same synergistic activity with gastrin/CCK receptor ligands. These include
active analogs, fragments and modifications of the above. For further background, see
Carpenter and Wahl, Chapter 4 in Pepride Growth Factors (Eds. Sporn and Roberts), Springer
15 Verlag, (1990).
A principal aspect of the invention is a methed for treating diabetes mellitus in an
individual in need thereof by administering to the individual a composition including a
gastrin/CCK receptor ligand and/or an EGF receptor ligand in an amount sufficient to effect
differentiation of pancreatic islet precursor cells to mature insulin-secreting cells. The cells sc
10 differentiated are residual latent islet precursor cells in the pancreatic duct. One embodiment

comprises administering, preferably systemically, a differentiation regenerative amount of a
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| i gands. These include active analogs, fragnents and nodifications of the
above. For further background, see Carpenter and Wahl, Chapter 4 fFmMAY 2004
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A principal aspect of the invention is a nethod for treating diabetes
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i ndi vidual a conposition including a gastrin/CCK receptor |igand and/or an
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(il) an EGF receptor ligand gene that have been stably introduced into the mammai.
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
pastrin/CCK receptor ligand and an EGF receptor ligand. In a preferred embodiment of this
20 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
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-¢ is preferably effected by co-expression of (i} a
25 preprogastrin peptide precursor gene and (ii) an EGF receptor ligand introduced into the
mammal. Appropriate promoters capable of directing transcription of the genes include both
viral promoters and cellular promoters. Viral promoters include the immediate early
cytomegalovirus (CMV) promoter (Boshér[ et al (1985) Cell 41:521-530), the $V40 promoter
(Subramani er af (1981) Mol. Cell. Biol. 1:854-864) and the major late promoter from

30 Adenovirus 2 (Kaufman and Sharp (1982) Mol. Cell. Biol. 2:1304-13199). Preferably,



gastrin/ CCK receptor |ligand and an EG- receptor ligand. In a preferred
enbodi nent of this 20 aspect, gastrin stinulation is effected by expression
of a preprogastrin peptide precursor gene stably introduced into ety 2004
mammal . The expression is under the control of the insulin pronoter. EGF
receptor ligand, e.g., TG--a, stinulation is effected by expression of an
EGF receptor ligand gene transgenically introduced into the mammal. In
furtherance of the above, stinulation by.a gastrin and a TG-a is
preferably effected by co-expression of (1) a 25 preprogastrin peptide
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Iy a prehanarg ipbedi agAL the nucleic acid sequence coding for the
preprogastrin peptide precursor conprises a polynucleotide sequence
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regulatory sequence for the preprogastrin peptide precursor is an insulin promoter. A
preferred form of this embodiment is one wherein the nucleic acid sequence coding for the

preprogasirin peptide precursor comprises a polynucleotide sequence containing introns 1 and

20 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 pGeml or can be a phage which has a transcriptional regulatory sequence
including an insulin promoter.

25 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-¢, under control of a strong non-tissue specific promoter, e.g., a metallothionein
promoter; and a preprogastrin peptide precursor coding sequence under control of an insulin
promoter. Each vector can be a plasmid, such as plasmid pGem1 or a phage in this aspect.

30 Alternatively, the expression cassette or vector also can be inserted into a viral vector with the

appropriate tissue trophism. Examples of viral vectors include adenovirus, Herpes simplex



regul atory sequence for the preprogastrin peptide precursor is an insulin
pronoter. A preferred formof this enbodinent is mm\memﬂnthen%ﬂ&c
aci d sequence coding for the preprogastrin peptide precursor conpriéb Ya2004
pol ynucl eoti de sequence containing introns | and 20 2 and exons 2 and 3 of

t he human gastrin gene. Another aspect of the invention relates to a vector
I ncl udi ng the expression cassette conprising the preprogastrin peptide
precursor codi ng sequence. This vector cqr be a plasmd such as pGem or
can be a phage which has a transcriptional regulatory sequence i ncluding
an insul \!iﬂssp5?&%—%30(:@&11%&p?ertro%f@?c%m%ir&sb'aﬁd " FiFé' QD b%d'ﬁléregt & 31996)
conposition of vectors 1 ncludl ng aving’the "nucl & ¢ acCi d sequence

codi ng fHeman WeotemlihaGekdeesr 2Eopd. Mo 1BYRA : BdIRebbidEr &, (1998)eTea@nis ol  of

a strong_non-tissue specific pronoter .g., a netallothionein pronoter;

. , €
and a prié¥prestadeey hopeptl- dddprayeys Sendiaiedipens detppyrhas beerlusedcoiscessiulbf Loan
I nsulin r | asm d, .su s. Pl asm. Gem or a
phage i n[r;{}ﬁ%rsﬁﬂggc%%%? &%Oc\ﬁ%ﬁ&egrtﬁa Q/%?f/l,% {)Wenarep?(’perpe'tzlgﬁgHﬁggées‘f@? %’Vét%ocr[g"sv%ct or
al so canfitlresis nsketZahnenera. §1993)ale!VERLOT-2v6t h the appropriate tissue
trophi sm Exanples of viral vectors include adenovirus, Herpes sinplex 2 8
MAY 2004 |' viAPOEr asRepooldds sryeatien iss porshuman mppupalsor mammajiapjissueand t he

like. S t | |.ar. ics 5 - No:
1307 404 e U] Rkedrtpible oCRASIR £ST B 0R BB Rns s
Adenovi rprepriogdsteine dAgeher étissamynh@BahRespectsed ndhaGamaimihal eapablagsi ent |y

correct the chloride transport defect in nasal epithelia of 1:pat ients with
cystic SFOEKPiEaHng (1) SquepraBawrin Peptide preogsyr gaite; apdop§ir): o1 EGharrsepier ligapbct

of the inventd IS _a nan: human | or mmal i an tissue i ncl udi ng,.
el o tihbr dof Oz 26 OB hE PR TR e G e BEp e BAR G R BB
prepr ogasssié Br cANOt TRE nRfRdiaBRELOdr ¢dlsTaR DR YHuimanSisBud8NcditsTan nmamral
capabl e of coexpressing (1) a preprogastrin peptide precursor gene; and/or

(i1i) an EGF receptor ligand, 10 e.g., a TGF-a gene that has been stably
I nt egr at ' . Al I nmalian tissue or cells. The
manmmal i a’ﬁﬂﬁa@éﬁ%& %?’"E@ﬁ@@ﬂaﬁ ?r?gﬁﬂﬁr‘gsue or cells. Therapeutic
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limted to transderpml, intranuscul ar, .
15 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.

20 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 and formulations for

25 use 1n the present invention are found in Remington's Pharmaceutical Sciences, Mack
Publishing Company, Philadelphia, PA, 17" ed. (1985), which is incorporated herein by
reference. For a brief review of methods for drug delivery, see Langer (1990) Science
249:1527-1533, which is incorporated herein by reference.

In preparing pharmaceutical compositions of the present inventon, it may be desirable

30 to modify the compositions of the present invention to alter their pharmacokinetics and

biodistribution. For a general discussion of pharmacokinetics, see Remingtons's
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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 routine

procedures such as a pharmaceutical composition adapted for intravenous administration to

20 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 dosage form, for example,
as a dry lyophilized powder or water free concentrate in a hermetically sealed container such

25 as an ampouie or sachette indicating the quality of active agent. Where the composition is to
be administered by infusion, it can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition is administered by injection, an
ampoule of sterile water for injection or saline can be provided so that the ingredients may be
mixed prior to administration.

30 The therapeutics of the invention can be formulated as neutral or salt forms.

Pharmaceutically acceptable salts include those formed with free amino groups such as those
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include those formed with free am no groupsS such as those 2 8 MAY 2004 1
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t he trealfRBNY W7o &7 apEmalineegieh fesisyeemer SUPPasEaHes gamarailyl ¢ongaip eptiveoingragéent
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In the gene therapy methods of the invention, transfection in vive 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 into a

20 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, ntrathecally, parenterally, intraarticularly, intranasally, intramuscularly,
topically, transdermally, application to any mucous membrane surface, corneal installation,
etc. Of particular interest is the introduction of the therapeutic expression vector into a

25 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 administration finds use
with introduction into a body orifice or cavity. Particular cells and tissues can be targeted.
depending upon the route of administration and the site of administration. For example, a

30 tissue which is closest to the site of injection in the direction of blood flow can be transfected

in the absence of any specific targeting. If lipid carriers are used, they can be modified 10



formul ation also will depend on the route of adm nistration, and the
seriousness of the disease or disorder, and should be deci ded azgggg%mﬂ to
t he judgnent of the practitioner and each to patient's circunsta

However, suitable dosage ranges for intravenous admnistration are
general |y about 20-500 m crogranms of active conpound per kil ogram body

wei ght. Suitable dosage ranges for intranasal adm nistration are generally
about 0.01 pg/ kg body weight to 1 ng/kg]pody wei ght. Effective dosages can
be extrapol ated from dose-response curves derived fromin vitro or anim

nodel t t ) ' ' | | ln_acti ngredient 15 in
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transfection in vivo is obtained by introducing a therapeutic
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several routes, including intravenous or intraperitoneal injection,
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circulating bodily fluid or into a body orifice or cavity. Thus,

i nt r aveSSEHSYE G ATEHAGISNNAbR literdivTeaaridercsn ned be iesqribediip maricalashere.  Any
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i ntroduaibied| imictudingdhidh sahj flietRingragenns| biyd (Hediikd.cul ar cells and tissues
can be targeted. depending upon the route of admi nistration and the site
of admi ni st r atiFeomowssof dherapguiic veciop usedswilk boanamnquet sufhgEst to provite 17 e of

i nj ecti Qﬁ%rjaﬁ?lftﬂelegélr&%&h%si% ilf’LQ&geHis%WeP%uE?a eﬁlﬁE‘Zév%FhFprrE&icghﬁ Absence
of any speclific targeti hg- Ipid carrrers are used, they can be nodified
to 28 MANTIZ0&nt abdbuoht & etpretsdorcongecezaes blood phuddse ubwirds ywpmsaldévael s additing.

ol e b alesies iy SlLoo S8 Mol ends L BRUSH 8
cel | assofisgdteprdsSion iRaRd hfsthd gHES BCHO! WiRENDNN YeqRBN &S 0hRai 2l | y
accept abl e medi um may be enpl oyed for adm nistering the DNA,
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 may
significantly enhance the translation of mRNA transcribed from the expression cassette if this
20 1s 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 ievel
of expression is desired, all factors can be optimized, where less expression is desired, one or
more parameters can be altered so that the desired level of expression is attained. For

25 example, if high expression would exceed the therapeutic window, then less than optimum
conditions can be used.

The level and tissues of expression of the recombinant gene may be determined at the
mRNA level as described above, and/or at the level of polypeptide or protein. Gene product
may be quantitated by measuring its biological activity in tissues. For example, protein

30 activity can be measured by immunoassay as described above, by biological assay such as

blood glucose, or by identifying the gene product in transfected cells by immunostaining



5 reconbinant viral vectors or lipid carriers, such as deionized water,
sal i ne, phosphate-buffered saline, 5 %dextrose in water, and the |ike as
descri bed above for the pharmaceutical conposition, dependi ng upofjtMAg 2004
route of adm nistration. O her conponents can be included in the
formul ati on such as buffers, stabilizers, biocides, etc. These conponents
have found extensive exenplification in the |iterature and need not be
described in particular here. Any :o dilyent or conponents of diluents that
woul d cause aggregation of the conpl exes should be avoided, including high
sal t, chetialiqng sagiens probiifwitien! dnkiBodyT W8 icANBEAticAly P&@%ﬁ@&%b g;e}fce?}(ﬁfucyéxed
wi Il be an anount sufficient to provide for a therapeutic |level o

expr essioePorecaeener pfedutt pressat inAht lsapepson casstevel of expression is a

suf ficient angunt Ejtﬁxa{essign t 0 decrease blogd %IHcose t owar ds nor.nal
levels. In adWRTYN, s RIS Gas¢ile ROh iireiried dROIhG BTN SugsBaMsust be

suffici efdcedsarypnipdiefniend sl befbpkfY®bn Al ad ARTHERMRpEABRE S5 P thel Rsiife
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protein 30 activity can be neasured by inmunoassay as described above,
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I n_transf qft ed cells by inmmunost aLlni n‘% 2 8 MAY 2004 15 techni ques such as

ptbbi ng W A* &AVEIGHSTE BEPUHIFIch B d TPHTEANOD P FYBROSIIRD CRARINBEGduct or
gastrin/CCK receptor ligand and EGF receptor ligand, to allow for formation of insulin
secreting pancreatic g 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 treatment with pg-cell

20 proliferation inducing composition.

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

25 encapsulated cells while protecting the cells from timmune attack, The number of cells 10 be
transplanted is estimated to be between 10,000 and 20,000 insuiin producing p cells per kg of
the patient. Repeated transplants may be required as necessary to maintain an effective

therapeutic number of insulin secreting cells. The transplant recipient can also, according to

the invention, be provided with a sufficient amount of a gastrin/CCK receptor ligand and an

30 EGF receptor ligand to induce proliferation of the transplanted insulin secreting p cells.




a reporter gene product present in the expression cassette. Typically, t he
therapeutic cassette is not integrated into the patient's genone.

necessary, the treatnent can be repeated on an ad hoc basis dependlnégJHB#W‘
the results 5 achieved. If the treatnment is repeated, the patient can be
nonitored to ensure that there is no adverse i mune or other response to
the treatnent. The invention also provides for nethods for expanding a
popul ati on of pancreatic p cells in vitrg. Upon isolation of the pancreas
froma suitable donor, cells are isolated and grown in vitro. The ceIIs
whi ch are enpriwedears? il didbeis ths SHevSRIRNES fhii 1%06’?‘[@%‘%% BBica
donors |nclud|qg human cadavers, porcine fetuses or anot ul tablé=sour ce
of pancifBgagycofdbe (trgatment madahitycas vell as theudimikal whftncp ass eblleaedieif petsiige ar e
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dlrectlyfol eat nent, wi th p-cell proliferation inducing
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conbi nati on w th I nmunosuppressi ve agents cycl osporin. The
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rrerrbranekl%s jor to. trhansg lf \(})&E gl menbranes permit insulin secretion
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which can be diluted further prior to use or they can be provided at the concentranon 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
20 vials will have the desired amount and concentration of agents. When the vials contain the
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 biclogical products,
which notice reflects approval by the agency of manufacture, use or sale for human
25 administration.
The following examples are offered by way of illustration and not by way of

limitation.



16 The effect of treatnment of diabetes can be evaluated as follows. Both
the biological efficacy of the treatnent nodality as well as the clini 2{
efficacy are evaluated, if possible. For exanple, disease mani fest& HkYS 0f
by increased bl ood sugar, the biological efficacy of the treatnent
therefore can be evaluated, for exanple, by observation of return of the
evaluated 5 bl ood gl ucose towards normal. The clinical efficacy, i.e.

whet her treatnment of the underlying effegt is effective in changing the
course of disease, can be nore difficult to nmeasure. Wile the evaluation
of the bi ol OgTﬁélfolRMlhgWeﬁﬂ?%n@n{e‘ﬁ{&isv\@%e%e@wﬂﬁ sﬁ%sercﬁaﬂ%’bgtﬁré \95rl-(tllli]ge
clinical efficacy, I's not definitive. Thus, neasuring a ¢

endpoi ntexamipdes @afpr@a belosnexcepidiscathérwisohomd cel | regeneration after, for
exanple, a six-nmonth period of time, can give an 10 indication of the
clinical efficacy of the treatnent reginmen. The subject conpositions can be
provi dedAgisndid.t Mit®r FVBerid i Ofinde
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need for ot her eﬁgeﬁéﬁ for
can be £oRHINEE f oPEROBEIBG d¢ F}Efeﬁreﬂﬁ'["‘-aﬂg’é@éﬁﬁm é¢heda&ef¢t§3¢1ﬁf@eﬂﬂ ating

th f tical d
wh oh noryash eh dfndrecid PpPRERIRS R, ViR the PSS Bt e
for hunem. Qﬁgﬂ@mdﬂy&t{él'gﬁﬂ)@ﬂ as hhel f(@/\b?%rﬁﬁm%ﬁ@r%b?ﬁ 86U 63/%& Bf @@sbmr W?}fn&i

|IIustrat|o not way of limtation. EXAMPLE erials an
Mé$ hods ©f 10 days.

INSGAS Transgene Construct. A Pwull-Rsal fragment encompassing nucleotides -370 to +38
of the rat msulin I gene (Cordeil, B.G. er al, Cell, 18:533-543 (1979)) was ligated into

pGeml (Promega Corp., Madison, WI). A 4.4 kb BamH1-EceR1 fragment coniaining 1.5 kb
20 introns 1 and 2 and exons 2 and 3 of the human gastrin gene which encodes the preprogasirin
' peptide precursor was isolated and subcloned downstream of the rat insulin I fragment in

pGeml (Promega). The fragment is described in Wiborg, O., Proc. Natl. Acad. Sci. USA,

81:1067-1069 (1984) and Ito, R., et al Proc. Natl. Acada. Sci. (USA), 81:4662-4666 (1984).

The insulin promoter-preprogastrin INSGAS transgene construct was excised as a 4.8 kb

25 Xbal-EcoR1 fragment.
Generation and Characterization of Transgenic Mice. The fragment, made as described above

was prepared for microinjection as follows. It was isolated by agarose gel electrophoresis,
purified by CsC1 gradient purification, and dialyzed extensively against injection buffer (5mM
30 NaCl: 01. MM EDTA; 5mM Tris-HC1 pH 7.4). Fertilized oocytes from FVB inbred mice




2 8 MAY 7004 17 The followi ng materials and nmet hods were used in the
studies reported by the working exanples set forth bel ow except agg MAY 2004
ot herwi se noted. Animals. Mce, FVB and CD strain, were obtained from
Taconic Farms, Inc., Germantown. 5 NY. The TGF-a transgenic |ine MI-42
used, which expresses high levels of TG-,a froma netall othionein
pronoter, is described in Jhappan et al, Cell, 61.1137-1146 (1990). Nor mal
W star and Zucker rats were allowed normalg chow ad |ibidumw th free access
to water and were acclimtized for one week prior to initiation of each
study. Rilestwiy Rarewaled, sigirseatife oineel ' / kg bod i ght
was adm nistered by 1.V, Lﬁrv): to se\gen&ég%}%ﬁl\g&gﬁ?grmllﬁﬁgﬁtqégﬁ Sg n\éﬁi@bet es,
the rat SEYENRUSSaneksigean. 1B e ot eld Matipuigringis rhautse s ee|Ue Wboriib Sk AR,

Hor monesz o1d &, t i re reconstituted in sterile normal saline
cont ai ni ng 0.%%&%0?16\8%??1?{8%8 ?ﬁ"’m&gﬁﬁ@wse‘mﬁened treatment schedul e for

di f f er enben ahpldned, ineatl AMUER of €DEITESHA B el bncP- whitd;e6L1 0
either TG-a or gastrin _alone (4.0 _;gg/ kg b%gggg\‘g})%%ﬁrl%fma&s’ ‘é"”%‘&g‘{’w \S\/I}XI
conbi natPYET MEhErs ageerding wgroendupadnfiingaa epet.i GdanstEnioffodidietayice wkNSGAS T
A Pvull - r i.ng. n otides -370 to +38 of the rat

i nsul in “?ﬁgieﬁn%’ W@%ﬁﬁ&%@%ﬁ ”glf‘,gt@g% ‘,s°li§35f%1'52‘§"(d1’9'7@’)35'53v93§54ﬁ”@a’rt ed
into pGaman(RroiegeoRRobe BEIEOR;H W) nﬁﬁg};g? c - nt
containing 1.5 kb 20_i ntpfons_ 1 and '2[ anddce?oﬁys%@nd 0 é:Tt ﬁg@%{%ﬁd@g trin
gene whiSERID@RWIESImHrly ideptibedstrin  peptide precursor was isol ated and

subcl oned dm(;yg@tream of tl_hV@brat insulin | fragment in pGeml (Pronmega). The
fragnent is TP M T BHSs, coptainipg ghe MEH GF-ademsgasi derivahfrom a CD-1
8ib: 1067 1AARY strhBBdha Ishifra Lot acesCl . (USA),

81: 4662- 4666 (198;16 .ﬁs_u'lj'lhe ‘igrn%ﬁiei“?\e%’fggﬁo‘?gﬁﬁ?g%&é%@ﬁgﬁﬁsﬁ%@sAtl%FS%{nsgene
const r uG{CAREE, ie PHERFirg waredpl8eddoorRieidifiat -SBAMRIZ A 18 Q8 RRéviodsBN8Esatiban B lier
Char act gf Hngltc%(?ﬁ'e m%tau'lc')rtﬁgs%eni c M C?’T The fragnent, made as descri bed above
was prepared Tor- Mcroln ect PONmEEr {{ORPRARs s4r1 @) was i sol ated by agarose gel
el ectrophoresis, purified by CsCl gradient purification, and dialyzed
extensiyel y against injection buffer (5rM 30 NaCl; 01. MM EDTA; 5nM

Tri s- HORGHACEO P01 NXo g IZauenAsSyy t ey NomtharFuBalysior exdhl RNA WastexhAdied G0#n

15 tissues by the method of Cathala et al, DNA 2:329-335 (1983). Samples of 20ug of total RNA

were resolved on 2 1% agarose denaturing gel and transferred to nitrocellulose. RNA blots

were hybridized with *'P labelled TGF-¢ riboprobes or exon 2 of human gastrin that did not

cross-hybridize with endogenous mouse gastrin mRNA .

0 Peptide radioimmunassay of Gastrin. Tissues were extracted and assayed for gastrin

: immunoreactivity by radioimmunoassay as described previously using antibody 2604 which is
specific for biologically active C terminally amidated gastrin in a gastrin radioXmmunoassay as
described in Rehfeld, J.F., Scand. J. Clin. Lab. Invest. 30:361-368 (1972). Tyrosine

monoiodinated human gastrin 17 tracer was used in al assays and synthetic human gastrin 17

5 was used as a standard.

eptide Radjoi n f TGF-o: Tissues were frozen in liquid nitrogen, ground to a
powder with mortar and pestle, and subjected to acid-ethanol extraction as described in
Todaro, G.J. er al, Proc. Nail. Acad. Sci. (USA), 77:5258-5262 (1980). Extracts were

0 reconstituted with water, and protein concentrations determined with a Coomassie blue dye



18 (Taconic Farnms, Inc., supra) at the single-cell stage were mcroinjected
using standard techniques. See Hogan, B., et at, Mnipulating the m?ltﬂsféw 2004
enbryo: A | aboratory manual. Cold Spring Harbor, NY (1986). Surviving
enbryos were then inplanted into the oviducts of CDL (Charles River
Laboratories, Inc., Wlmngton. MA) 5 foster nothers according to
procedures in Hogan et at. Transgenic founder mce were identified by DNA
bl ot techni ques using DNA isolated from jondi vi dual nouse tails, and a

human gastrin exon 2 probe labelled with 32 dCTP by randomprimng. Fl mce

and t hebinding afsay @BiovRadLaboratorick yHedamsi tiagd. ARRIRZ Y, -42 mce
containing the MI-TGE-a transgene derived fﬁrgom a Ch fg%e%gﬂ%%a%t“r’eaﬁﬁemd
( JhappaH deRlfsets) 1ngef SFcn sadieimmbndastey, evlualy gebswed DSHASinCRith AL EE- ., for

weani ngy: Lk ffsori wer.e .pl aced on acidified 50mM ZnCl, as previ ou%ly
descri b%ﬁpﬁg %radée(ﬁld E%SF ﬁﬁﬁ%gal}tf%’dﬁé@@?q BN e -tprmoimps of rat MEPpatkit from
supr a) . BNOrdpeeSentik oW Ajybri di zati on Assay. For Northern analysis, total RNA
was extracted from 15 tissues by the nethod of Cathala et at, DNA 2:329-335

(1983). Sanples of 20g of total RNA were resolved on a 1 % agar ose

denat urﬂe%g%ﬁ@gpé{o%gsﬁerred to nitrocellulose. RNA blots were

hybri di z€ Sh& RS PREISFmysH edibesaftr aueorigh fastitpiomaligdBGTT

t hat dibly ghicosecxidssehyibrthbdl ze Wit h endogenous nouse gastrin nmRNA. !o

Pepti de radi oi mmunassay of Gastrin. Tissues were extracted and assayed for

gastrin imrunoreactivity by radi oi nmunoassay as descri bed previously using
ant i body; i hS:c S ific for biologically active Ctermnally

ani dat g%%‘%%%@&as@fﬁﬁ eﬂ’ﬁo‘ifcﬁf*%ﬂH%s@swna@als oiese pachidided andRpimicetat,
JOF., SeawdedJ.Sndli BioptisdiwetdMB8H froaPse38ils e sl @si
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human JEFFSas ang imm lyseep-frozen it lamdénitrogeafoi dﬁnRﬂ&iiﬁbfﬂEﬁﬁl@@%ﬁ@r&St&ﬁ

TA F- ccypdTi e frozen in |liquid nitrogen, ground to a powder wth
nort ar é‘rﬁ‘d‘l"%@s eté,'%?alﬁ lésrgbj %@Pgﬂozte PABFTG214E FRIRRIFS g’kf:réb‘fvf:@rraasﬂxie‘@weﬁbed in
Todar o,disbuptedatiradoniddliodn d¥Rinized AGALE angCi); : T 2482,k 4980) .

Ext ractﬁ ger e reconstituted with Wit er , :augHSr o%neilyoﬁ p?%%%edget%? ’f“g}ﬁjs“ Arid

det er mi'NeJOMOBRPAC BRI Ieadiiigthagglee XEraBLidaNFria0 @4irksSlin determination by RIA.

5

Histological Analysis. The pancreata were removed, weighed, similarly oriented in cassettes,

fixed in Bouin's solution and embedded in paraffin by conventional procedures.

Tissue Preparation and Immunohistochemisiry. Freshly excised pancreata were dissected,

) cleared of fat and lymph nodes, fixed in Bouin's fixative, and then embedded in paraffin for
sectioning. Routine sections were stained with hematoxylin and eosin according to standard
methods. Pancreatic tissue from adult 17 week old MT-TGF-o (MT-42) transgenic mice were
immunostained for insulin to examine the effect of TGF-¢ over-expression on islet
development. Insulin positive cells in TGF-4-induced metaplastic ducriles were identified

; using immunoperoxidase staining guinea pig anti-human insulin sera (Linco, Eureka, MQO); a
pre-immune guinea pig serum was used as a control. Immunohistochemistry was performed
on 5, paraffin sections by the peroxidase/antiperoxidase method of Sternberger using a

monoclonal rabbit antigastrin antibody. See, Sternberger, L. A, Immunocytochemistry, 2
Ed. (1979) NY: Wiley. 104-170.



bi ndi ng assay (Bi o-Rad Laboratories, Hercules, CA). Aliquots fromthe
pancreata were tested in duplicate in a TG-a radi oi munoassay, Wh{giMaY 2004
measured conpetition with 1211 TG-a for binding to a solid-phase rabbit
anti body rai sed against the C-termnus of rat TG--a (kit from BioTope,
Seattle, WA). Blood G ucose. Blood glucose was determ ned either after
overnight fasting or after IPGIT by glucose oxi dase nethod. Tissue Insulin
Anal ysis. At the end of each study, the apj mals were sacrificed and
pancreas o rem)ved Smal | bi opsies were taken from separate representative
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of Sternberger using a nonoclonal rabbit antigastrin antibody. See,

St ernberger, L.A., |Inmunocytochem stry, 2" Ed. (1979) NY: WIley. 104-170.
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met hod désieg thsedtupientiss tsel for Enpiredidga.| nvestig., 12: 131-
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EXAMPLE 1
L r ni n
Immunoperoxidase staining showed numerous insulin staining cells in the metaplastic
ducts from the TGF-y transgenic pancreas (Figure 1A), whereas insulin staining cells were
20 virtually absent from the non-transgenic ducts (less than 6.1%). When at least 600 ductular
cells/animal were scored at a final magnification of 400x, insulin positive cells were seen at a
frequency of 6.0 +/-0.9% (n = 5) in the metaplastic ductules of TGF-¢ transgenic mice.
Occasional ductular cells stained with the same intensity of insulin staining as the adjacent
1slets, but most had less intense staining (Figure 1B). The low level of insulin staining of the
25 ductular cells resembles that of protodifferentiated cells reported in the ducts of the developing
pancreas. Pictet, R. and W.J. Rutter, Development of the embryonic endocrine pancreas, in
Endocrinology, Handbook of Physiology, ed. R.0O. Greep and E.B. Astwood (1972) American
Physiological Society: Washingion, D.C. 25-66; and Alpert, S. et al Cell, 53:295-308 (1988).
However, despite the increased number of insulin positive cells in the metaplastic

30 ducts, the islet mass of the TGF- transgenic mice was not increased. The islet mass as



155 (1963). At a magnification of 400x, starting at a random poi nt ?EM@E?
corner of the section, every other field was scored using a 25 poini 0 g¥
grid. An unbiased but systematic 5 selection of fields was acconpli shed
using the markings of the stage mcroneter. Intercepts over blood vessels,
fat, ducts, |ynph nodes, or interlobular space were subtracted to give the
total pancreatic area. A m ninum of 5000 points in 108 fields
(systematically chosen using the stage 2ricroneter) were counted in each

bl ock, with the relative islet volume being the nunber of intercepts over
islet t qnyuéatdd\hydwcmbs@unm monemenies wpRBdrdang i-€/-10.846 (eanThe- 30 mbse) uf e
i slet islets was cal cul ated as the relative islet volume tines
pancr eaf lr30 f gy (HfANSECPKPANCEAS cpmpareddp 1593 mEnH6c-Ahdh og\P) neRAransgenid HRer
(1989) . otatistical Analysis. Differences between neans were conpared for
5|gn|f|cant differences wusing the Student's t test for unpaired data. 15
EXAMPLE | As Sayis FOGFL Q) oubr-¢kpPésaibiCAiomdidol Sbct kEARRRAMNGhERNCT eas

| nmunoper oxi dase stai ni ng showed nunerous insulin staining cells in the

nét apl agfmedlf@tm@wﬂr% edlls imoHully tdifferendated iskeinc Thisinfitieguha i$18) , wher eas-
insulin 0v rtuahﬁ%@dgsent fron1the non-transgeni c

duct s ( FRLBeMalfinGEatifhs gt dActats fhstl rpOna BB LPHICTeas I 1Pt FraRSERBCe
scored afica slnraaIdlﬂ@gmlétioﬁaiflp?&oafffﬁé}%md i@ﬁ:&' féaui%‘a? Sdc\bf—‘s Sﬁlﬂg fé?alsee“

at a frequency of 6.0 +/- netap astic

TGF- a t devedgunény, fractss regm:amlgnbnatanslmmnuhmid dmhlysbéﬁyqurmeh W iskets bEnﬁQﬂﬁs
|ntenS|tg 4 |nsuI|n tal n|n as the aﬁg{ﬁéent islets, but nost had |ess

i nt ense PSP nAWE ‘?céorf@‘ reﬁ“f'éi indhe PPIBg iSl6{S Are e SRAFIPIFGLing] RepEdes
dyct ul agy Sﬁﬁmresenbles that of protodifferentiated cells reported in the
ducts of the developing pancreas. Pictet, R and WJ. Rutter, Devel opnent
of the enbryonic endocrine pancreas, in Endocrinol ogy, Handbook of

Physi ol ogy, ed. RO Geep and E. B. m&iw?z) Aneri can Physi ol ogi cal
Soci ety: Washi ngton, D.C. 25 66; an S. et of Cell, 53:295-308
(1988). However, degpipéme A6 i be NeE |T_ng‘“btlve cells in
the metaplastic 30 ducts the i sl et nmass o GF-a transgenic mce was
not i ncreased© eNagiRasIhgpossible rale of @swinvinpegulanng isipiahffereatiabrb yransgetic

Gount ' n%x@&@&%ﬁ%ﬁl@h ?ﬁat%regg 2}‘4]11%1’10 1nsuq1n pro&%?cr-gas{rm aﬁ'sd]AS) trgnsgene in

which the insulin promoter directs pancreas specific expression of the gastrin transgene

(Figure 2A). Unlike the gastrin gene, insulin gene expression is not switched off after birth.
Thus, the INSGAS transgene results in a persistence of gastrin expression in the adult
pancreas.

20 The INSGAS transgene comprised 370 bp of 5' flanking DNA and the first non-coding
exon of the rat insulin I gene. Cordell, B., er al, Cell 18:533-543 (1979). It was ligated 10 a
BamH1-EcoR1 fragment containing 1.5 kb intron 1 and exons 2 and 3 of the human gastrin
gene which encodes the preprogastin peptide precursor. Wiborg, O., et al, Proc. Narl. Acad.
Sci. USA, 81:1067-1069 (1984); and Ito er al Proc. Natl. Acad. Sci. USA, 81:4662-4666

'5 (1984). A 4.8 kb INSGAS fragment was isolated and microinjected into inbred FVB, one cell
mouse embryos. Hogan, B. er al, Manipulating the mouse embroy: A laboratory manual,
(1986) NY:Cold Spring Harbor.

Gastrin immunoreactivity in pancreatic and stomach extracts from transgenic and non-

transgenic mice was assayed by radioimmunoassay using antisera 2604 (Rehfeld, J., er al,



the TGF-a transgeni c pancreas conpared to 1.93 ng +1- 0.46 (n = 6)
transgenic litter mates. Thus, TG a over-expression al one did not %$ﬂ§EQW4
transition of these 5 protodifferentlated duct cells into fully
differentiated islets. This inplies that islet differentiation requires

ot her factors absent fromthe adult pancreas of TGF-a transgenic mce.
Since differentiation of protodifferentiated islet precursors occurs during
late fetal developnent, factors regulathng this transition would likely be
expressed in islets during this period. Anong the factors expressed in the

devel opigai 31 ks BIF hDA: 93DIRAL ALY IRl pBARL HERre il DSHAARLY KDS.

EXAMPL Pancreatic pression ransgene exam ne the
possi blermimue obfagastrin in regulating islet differentiation, transgenic
15 mice were_created that express a chinmeric_insulin pronoter-gastrin
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i nsul i n gene expres 'S not sw t he | NSGAS
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pancreas. The | NSGAS transc?ene conprised 370 bp of 5 flanking DNAt, d the
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kb intron exons e human gas gene whi ch” encodes t he
pr epr ogaetific fpe ptei ldemgr gastrirs gene ; \ohiorbgidifationas sedn inPrnma]l RNEA of IMBGAS arSci .

USA, 81:1067-1069 and | to roc, Natl., A . Scj... USA,

81: 46620UBEANSEENIE fg‘%ﬁ)‘mc%’ﬁpfﬁs%‘gpﬁ%iﬁs E H’Er&asmm&iﬁ?‘a&%‘ho%“massay of
TLCroin I ..B et al,
%ni pul g@??\&q{: ﬁgﬁﬁ%ﬁg@f”g%rﬁgg S ﬁﬁﬁggﬁka{? lcc)fggH&rrﬁﬁﬁa tyﬂ?dégp gslaNK}HCEI d Spring
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transgeni c and non- transgenic was assayed by radi oi noassay usin
ant i ser PIPEEROYS RBHF RS gene (T 1gue 2@ No s uzwozwgeahdva%tca A" Péafﬂea‘%

I nvest. cxn?hgts?&]no%ﬁt%ar(s%gr?lg)cl)nt?Qleﬁid(e' (‘FléLﬂE Jgje 'Pl‘lé)%ttx’u‘( ARl RAsy is specific

for carboxy amidated precursors, indicating that the gastrin peptide precursor is efficiently
15 processed post-translationally to the bioactive peptide. Immunohistochemistry with a gastrin
monoclonal antibody shows pancreatic beta islet cell specific expression of gastrin.

Although the INSGAS transgenic mice had high expression of gastrin in the postnatal
pancreas (Figure 2B), the INSGAS transgenic mice had pancreatic histology identical to
controls. Islet mass as quantitated by point-counting morphometrics (Weibel, E.R., Lab

20 Investig. 12:131-155 (1963)) was identical in 5-6 week old INSGAS mice (1.78 +/- 0.21 mg,
J n = 11) and age matched non-transgenic controls (1.74 +/- 0.18mg, n = 11). Thus,
sustained expression of gastrin in the postnatal pancreas alone does not stimulate islet cell

growth.

25 , EXAMPLE 3
f - .
Stimulation of islet growth by gastrin may require stimulation by other growth factors
to create a responsive population of cells. Therefore, effects of gastrin stimulation were
studied in TGF-¢ transgenic mice which have metaplastic ducts that contain insulin expressing

30 cells resembling protodifferentiated islet-precursors. To assess the interaction between gastrin



term nus of gastrin. Beta cell specific gastrin expression fromthe | NSGAS
transgene was observed based on imunostaining of pancreatic tisszﬁjﬂwzm
a gastrin nonoclonal antibody. 5 Northern blots of RNA isolated fr

different tissues of 8 week old INSGAS transgenic mce were hybridized
with a human gastrin exon 2 probe. High levels of gastrin transgene nmRNA
were seen in the pancreas but not in any other tissues. This probe is
specific for the human gastrin gene; no fybridization is seen in antral RNA
of I NSGAS and non-transgenic FVB m ce express high |levels of nurine

gastrin, e Raghg%\gig%ﬁ?gﬁ%ﬁ& 9{eré@$£ﬂﬂﬁﬁ Ealil SeREVRAES1 IHAR %/é}l? S

transgenic m cl evels of gastrrn I nmunoreactivit at exceed

t he gasbhdkgréidiisendn-tranddeficoanirol CTGF! | YingRXPARpesd ahd QNSGRE/ TEIFRQ Genss
murine gene (Figure 2B). No gastrin inmunoreactivity was detected in
pancr eaftagsgesiesy el Sured graps 1of amisg eeire phoed poPOMM n(Hi gus eveeky of Tgre AL 17

gastrin_radi o ] noassay. ... s._speckfi for carhboxy am ed. precunsors,
P cat PREE Rt HEGRORS WS Cand B SR bt B RS et e
past - t r apghAldnONethd yaﬂc%ésﬁ?orﬁ'mﬂo{ K H@@GAQWGFW@ QfigrERdssy With a
gastrin nonocl onal " anti body shows™ pancreatic beta islet cell Specific

expr ess imempluflogiasit appearapdesh vesgiient hgrr NBGASMPaciis gonirast nd the foddd iffughcontrol
expression of gastrin in the postnatal . pancreas &Fi gure %E) t he | NSGAS

t r ansgeRRECTRASc e T Hhoh: papression mas gauvaleahip T9Em ARRINSGASETHEFoBEOUPS TSP ass

Povesti oaflseq sy @slerh 5Ea Mhlal AR RN g e B RREAL S ce
(1. 78 +hanPekik TOF-y immubdjeadtivt peaidenéwiederROIR. Rr-ansgami £8.00A1 lpgmp 1. 74

+/- 0.18ng, n = 11). Thus, sustained expression of gastrin in the
p@st nat aroipiardMesast &l Dpkingde sl bty snd MPGAS/ TG et maed, respgetovelh. 25 EXAMPLE

Sti mil at o Srelar st ol tsraSot i it Bralfin pEhabt hUPER RS SRrec
growt h HaGipeio¥ mike s@HRALA : ANSTAONTINS, ; BV BIPN cMirdig! dndl. C Theref prre
effects of ‘gastrin stinulation were studied in TGF-a transgenic nce which
have netedk ashiecINBRAS/ TR, portas had semeiancas qiipssased ductular complexes and
slightly increased interstitial cellularity; the field shown (Figure 3A) had the most severely
1S abnormal morphology seen in the five animals; most of the pancreas was indistinguishable
from controls (Figure 3B). In contrast, the field of TGF-¢ pancreas (Figure 3C) was typical
and showed the interstitial cellularity and fibrosis combined with florid ductular metaplasia
described by Jhappan et al, supra.
Pancreatic gastrin synergistically interacts with TGF-¢ to increase islet mass and
20 inhibit the ductular metaplasia induced by TGF-y over-expression. Mating the homozygous
MT-TGF-g (MT-42) mice (TGF-q) with heterozygotic INSGAS mice gave offspring that
were either heterozygotic TGF- single transgenic or double transgenic containing both
INSGAS and TGF- transgenes (INSGAS/TGF-g). Since INSGAS were FVB strain and
TGF-y were CD1 strain, TGF-g homozygotes and CD1 controls (CON) were both mated
25 with FVB to produce FVB/CD1 strain background for all three groups of mice. Mice were
treated with 50mM ZnC1, from 3 weeks until sacrifice at age 17 weeks. The pancreas was
removed, weighed, similarly oriented in cassettes, fixed in Bouin's solution and embedded in
paraffin. One random section from each animal was used to quantitate the relative volumes of
ductules and islets by point-counting morphometrics (Weibel, E.R., Lab Investig., 12:131-155

30 (1963)). At least 2000 points over tissue were counted as intercepts of a 50 point gnd at 170x



30 cells resenbling protodifferentiated islet-precursors. To assess the
interaction between gastrin 2 8 MAY 2004 23 and TG--a, three groups Z(BfMAWZﬂlﬁ
were bred with equival ent FVB/CDl strain genetic backgrounds:

non-transgeni ¢ control, TGF-a single transgenic and | NSGASI TG--a doubl e
transgenics. Al three groups of mce were placed on 50mM ZnCl, at 3 weeks
of age. At 17 weeks of age, the animals were sacrificed and the pancreas
renoved for histological 5 evaluation. Tgﬁ pancreas from TGF-a and

| NSGASI TGF-a mi ce had sim | ar gross norphol ogi cal appearances: resilient,

firman tynl . fit di on I ancreas. TGs-a
expr coo P umaron (e s Stoh G 18 BRH w Bhols TSR g8 s BN s e
by Nor t heasreabiuddtechbpinysliiply{mahe reiatives holme anchhbyninadisopamersagasseayh. The

pancreatic TGF-a i nmunoreactive peptide levels were 12.2 +l- 1 and 18.9 +l -
8ng/ my 1OTPRkRedifferon dhean bodgpieighis  the TITaSE -veasaaxgrasMOGAS, F/Ebody Waight. Results

respecti i L CI Sc @f _hemat.oxylin stai ned paraffip sections of
pancreag}[f}rr%%l'lta hég@{ r['%@ qu%ﬁ%é%@“ﬁ?ﬁ% ‘gt‘%ﬁ? BPUPAS ef\%&@%ﬁ-w?n@‘ test
F¥B/ CD1 (sean®.06h.s; and C. TG--a) were made. The | NSGASI TGF-a pancreas had
sone areas of increased ductular conplexes and slightly increased
interstitial Expression of gastrirnfromi the INSBoV tré fsggne eeddibd treddudndammetapssicer el y
15 abnor nal @rfggl o%y seen in the five animals; nost of the pancreas was
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i:nteracts wwth TG--a to increase islet mass and 20 inhibit the ductul ar
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EXAMPLE 4
Effects of TGF- ) creatic Insuli nt i

This experiment was designed to study the effects on pancreatic insulin content in non-
0 diabetic animals treated with TGF-g, a gastrin, or a combination of TGF-g and a 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-¢: recombinant Human TGF- was reconstituted in sterile saiine
25 containing 0.1% BSA and was administered i.p. at a dose of 0.8 Hg/day
for 10 days.
Group II: Gastrin: synthetic Rat Gastrin I was dissolved in very dilute ammonjum

hydroxide and reconstituted in sterile saline containing 0.1% BSA. It was

30 administered 1.p. at a dose of .8 pg/day for 10 days.



paraffin. One random section fromeach animal was used to quantitate the
rel ative volunmes of ductules and islets by point-counting rmrpho(rjmt”ycmg,
(Weibel, EER, Lab Investig., 12:131-155 30 (1963)). At |east 2000 points
over tissue were counted as intercepts of a 50 point grid at 170x 2 8 NMNAY
2004 24 nmagnification; the entire section was covered w thout overlap. The
mass of ducrules or islets was calculated by multiplying the relative

vol une and the animal's pancreatic wei ghtas To nornmalize different nean
body wei ghts, the nass was expressed as g/ g body weight- Results are nean
and standard errors for 5-6 aninmals in each group as determ ned by
Student's t test 5 (p < 0.05). Expression of gastrin fromthe | NSGAS

t ransgenbrewpilided (THeF-dudt Ghstrinnet amitasiten afatis abovrypréfradomwess expr essi on.
At 17 weeks, the paﬁcr.ea]%i c, hi stohogésgcif t he. IN%GAS TG-a mce (Figure 3A)
resenbl ed that of GREHESSISYP-RLTRS Y615 8PEn 3R VEor d0 d@hain that of the
TGF-a mce (Figure 3C). 10 This was confirned by quantitating pancreatic
ductular mass in the TGF-a and | NSGAS/ TGF-a transgenic nmice and the

FVB/ CDI &ooup bYs  byCqngioh anicrals récatyedran plpo ngectiasof VeBiclualend fyr. 10 days.

Co- expression of gastrin and TGF-a in the | NSGASI TGF-a pancreas al so
significantly increased the islet mass conpared to controls (Figure 4B),
whereas | S| et ATaRS end'f Ry I RANED daYs) CXRLARRIO Weh sakfificckHndsibpiBast i
transgenes al one. The bl ood glucose 15 toncentration was not significantly
di f f er enpangneasgakdneas followsyfoegsopsy specimenEXARRLE of Ehéreaticstishe WETe taed
Gastrin ﬁ_n c 'c_ | Content in This experinment was, designed to study the .
effects ORpIREFAGTTRICIERBYIE e @Ak T34 Pangieas andympeIplelV3iaRdrezen ir diduid
wirh h TGFnipogBn 98ShRdlybis Of indulsP BERER! | 1R a%ly?@%fg: Aart GaH LdhdR, eXHAg" ed
to control animals (untreated). Goups (n = 5) fa normal Wstar rats were
assi gnedfrogen pansredtictsamplas| werairappdiyothawed edismprett wirasopiall R in @Estlipd Watéf@nRda:
r econbi nalnt Hu[rgn }'GF-a vvaa reconsti tu%ed }EqStFri | e .sali.ne containing 0.1
o BSA afdiRhs AAGH R RO R geerpinalipn andiaag/efhang! extragfign priof g 10dwig gy s

radioimmunoassay (Green er al, (1983) Diaberes 32:685-690). Pancreatic insulin content

values were corrected according to protein content and finally expressed as pg insulin/mg
15 pancreatic protein. All values calculated as mean +/- SEM and statistical significance evaluated

using Student’s 2-sample ¢-test.

Table 1
Treatment of Normal Rats with TGF-q and Gastrin

Treatment Pancreatic Insulin Content
* (ng insulin/mg protein)

Control 20.6+/-6.0

TGF-¢ 30.4+/-7.4*

Gastrin 51.4+/-14.0%*

TGF-o + Gastrin 60.6+/-8.7***
20 * TGF-q vs. control, p = 0.34;

** gastrin vs. control, p=0.11;
*** combination of TGF-q and gastrin, p = 0.007.

As shown in Table 1, above, pancreatic insulin content was significantly increased (p =

25 0.007) in the TGF- + gastrin treated animals as compared to control animals; there was an



Goup Il: Gastrin: synthetic Rat Gastrin | was dissolved in very dilute
amoni um hydroxi de and reconstituted in sterile saline containihgHfy 0%
BSA- It was admnistered i.p. at a dose of 0.8 ,g/day for 10 days. 2 B MAY
2004 25 Goup Ill: TGa + Gastrin: a conbination of the above preparations
was admnistered i.p. at the dose |evels given above for 10 days. 5 G oup
I'V: Control animals received an i.p. injection of vehicle alone for 10
days. At the end of the study period (102 ays), all animals were sacrificed
and sanpl es of pancreas taken as follows: five biopsy specinens (1-2 ny)
of pancr |Gt N £ . fromseparate representatiye sites i.n each
r at pancﬁgiﬁghgﬂsmegﬁgﬁc% g%éld) i rgr('f%é%?qsﬂﬁ? Fﬂﬁtiegt aﬁf:qqmqrg%w@{;pl YHERAS s
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frozen pancreatic sanples were rapidly thawed, disrupted ultrasonically in
di sti | | dBCTGateap thinctpnad ipet $-ecdleniumer Thisanerensateflectvianaiveail @adition of -

aci d/ et Ct: | tior to.insulin _radioi munpassa G een et al,
(083 BrasspEE BBl Rimbdh Alicrhah helfl P EGPBAT nCratGog vt
car rect dfdiaiduarl gicehs) o protein content and finally expressed as [err]g

insulin/mg E5 pancreatic protein. Al values calculated as nmean +/- SEM and
statistical significance evaluated wusing Student's 2-sanple t-test. Table

| Treatnment of Normal Rats with TG:M;&%” n Treatnment Pancreatic
Insulin Content (g insulin/ng prot | 20.6+/-6.0 TGF-a

30. 4+/-7.4* Gastrin HfecAof €ddbtion SEFGR-o afeP8iabirih SOPGitkeic?* ¥+ 20 *
TG--a vs. control, p = 0.34; ogastrin vs. _control, p = O. 1L, ***

conmbi nati on of TGF-a and gasiisuhn GentengirpDiabetic Animals

10 The second experiment was designed to determine whether the combination of TGF-a

and gastrin could increase pancreatic insulin content in diabetic animals (streptozotocin (STZ)
treated) to levels comparable to those in normal (non-STZ treated) animals.
Normal Wistar rats received a single iv injection of STZ at a dose of 80 mg/Kg body

weight. This dose of STZ was intended to ensure that the study animals were rendered diabetic
15 but that they retained a functioning but reduced p-cell mass. The STZ was dissolved

immediately before administration in ice-cold 10 mM citric acid buffer. The animals were

monitored daily; persistent diabetes was indicated by glycosuria and confirmed by non-fasting

blood glucose determinations. One week after induction of diabetes, rats were randomly

allocated into two groups (n = 6) as follows.

20

: Group It TGF-q + Gastrin: STZ diabetic rats were treated with a single i.p. injection of a
combination of recombinant human TGF-¢ and synthetic rat Gastrin |; both
preparations were administered at a dose of 0.8 pg/day for 10 days.

25 Group [I: 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 and

analyzed as described in Example 4 and the results are given in Table 2.
30



As shown in Table 1, above, pancreatic insulin content was significantly
increased (p = 25 0.007) in the TG--a + gastrin treated aninmals as
conpared to control aninals; there was an 2 8 MAY 2004 26 appr oxi metfeM4y 2004
three-fold increase in pancreatic insulin content as conpared to control
animals. These data support the hypothesis that the conbination of TFG a
and gastrin does produce an increase in the functional islet 3-cel

vol ume. This increase reflects an overal l,scondition of 13- cell hyperplasia
(increase in nunber) rather than (3-cell hypertrophy (increase in size of 5
i ndi vidual p-cells). EXAVPLE 5 Effect qf,pgpgbination of TG and Gastrin on
Pancreatic Insulin Content in D abetiT-AmmMls 10 The second experi nent

was designed to det erteatimentiediStrentotmociorii®atitlo T QY- Bt Gasigfid gastrin
coul d increase pancreatic insulin content in diabetic aninmals
(streptozotocin (STZ) treated) to |evel caluspii e in nornal

(non-STZ treated) aniTrehfmed¥or mal W st ar ratist nsodinieg pao&imgl e iv
injection of STZ at a dose of 80 ng/Kg body weight. This dose of STZ was

i ntended to ensure ”taotnnlohﬁﬁ ng ani mal s ggdﬂ% rendered di abetic 15 but
el |

that they retained a functioning %)ut reduc : mass. The STZ was

di ssol ved i medi at el WTiZeflos FGFdiHGstfmt | ongimigee-cold 10 mMcitric acid
buffer. The animals were nonitored daily; persistent diabetes was
i ndi cated by glycosuria and confirnmed by non-fasting blood glucose

det er m nati ong,e ; FLer tion of diabetes, rats were randonly
al l ocated into ‘.:tl\%‘/g“?c él\rlggﬁigsd?aej trel%g b@;gdl?gwf‘%f‘ﬁ?ﬁﬁs. I7d@rednsed a magerate butGagieined:
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conbi nati pn of reconbhi nant. human T _2 and 5’,&?%’9‘?%"@3‘%""@% p’iagthf;mﬁ%th

pr epar af?PERRls fdpiaed g fnctieniggbptaedused Bses:lomas. 8 pg/ day for 10 days. 25

Goup Il: Co ; i j ats received.an i.p. injection of vehicle
al one for 10%5&%{9;{@%51‘ a,? k:ﬁghé&edﬁhetIlllaém%etaﬂaﬁnsb‘é‘PiCBBt,e“%ﬁ’ﬁ‘%ﬁ?'?fﬁﬂ@“\%‘ﬁémocm

sacri fi ¢wdtedndimsalplag fesothapane tisias tHafb Lol rat@0R) ¥ 285 A% HEIFIHBPHLR, see
Exanpl eT4 ]anld the results are given in Table 2. - ’
able 1"above) as a result of destruction of B-cells by the STZ. In STZ animals treated with a

10 combination of TGF- 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.

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 processes or of
exhaustion of the potential for the B-cells to divide due to chronic stimulation from high
15 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 (3-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 used to treat diabetes by stimulating

the production of mature B-cells to restore the insulin content of the pancreas to non-diabetic

0 leveis.

EXAMPLE 6
Effects of TGF-¢ and Gastrin on IPGTT in STZ-Induced Diabetic Animals
Two groups (average body weight 103 g) of STZ induced diabetic Wistar rats (n =

5 6/group) were treated for 10 days with a daily L.p. injection of either a combination of TGF-¢

and gastrin or PBS. Fasting blood glucose was determined for all rats on days 0, 6, and 10. In



30 2 8 MAY 2084 27 Table 2 Treatnent of Streptozotocin Rats with TGF- and
Gastrin Pancreatic Insulin Content Treatnent ([err]g Insulin/ng @;@Memt)
Control (STZ alone) 6.06+/-2.1 STZ plus TG--a + Gastrin 26.7+/ -8. he

i nducti on of diabetes by STZ was successful and produced a noderate but
sustained 5 degree of hyperglycem a. Total insulinopaenia was not sought
so as to ensure that the study aninmals retained a functioning, but reduced
p-cell nmass. As shown in Table 2, above, fhe pancreatic insulin content of
the control streptozotocin treated animals was | ess than one third that of

normal r ; < Wal ln, ..se e | above). as
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is an overall loss of ( a concom

cont ent gifbicdshdogsancr eas. The above results denobnstrate that a conbination
of TGF-a and gastrin can be used to treat diabetes by stinmulating the
production of mature p-cells to restore the insulin content of the pancreas

t g; non-di abetic ?0 | evels. EXAVPLE G@U\ﬁﬁﬁg of TG and Gastrin on I PGIT

I n STZ-Induced D abetic Animals Two verage body wei ght 103g) of

STZ i nduced di abetic VEfas of BGF-¢ and-Gasthih®i weiht Ghinahgd for 10 days
with a daily i.p. injectiorinof either .a_conbi nation of TG—-a

sulin Content in Diabetes Prone Animals

Zucker rats were obtained at 30 days of age approximately 10-15 days prior to
development of obesity. Besides the diabetes prone Zucker rats (genotype fa/fa, autosomal
15 recessive mutation for obesity and diabetes), lean non-diabetic littermates {genotype +/+) also
were included in the study as described below. The rats were monitored daily for development
of obesity and diabetes by determining body weight and blood glucose. The onset of diabetes in
Zucker rats usually started between days 45-50 and was confirmed by a significant increase in
blood glucose levels, as compared to the levels in age-matched lean controls.
20 The study included 5 groups of 5 rats each as described in Table 3. Groups | and 2 (lean,
: non-diabetic) were treated with a TGF-o and gastrin combination or PBS respectively 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
25 treated with a combination of TGF-¢t and gastrin for 10 days after onset of diabetes and Group 5
was treated with PBS over the same time period. At the end 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
30 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) with TGF-¢ +



and gastrin or PBS. Fasting blood glucose was determned for all rats on
days 0, 6, and 10. In 2 B MAY 2004 28 order to establish that this i@ﬂw+@mk
was secreted and functional, |IPGIT tests were perforned. At day 10}

i ntraperitoneal glucose tolerance tests (IPGIT) were perfornmed foll ow ng an
overnight fast. Blood sanples were obtained fromthe tail vein, before and
30, 60 and 120 mnutes after admnistration of an i.p. glucose injection
at a dose of 2 g/kg body weight. Bl ood glﬂpose 5 determ nations were
performed as above. The bl ood glucose |evéls were simlar in both study

groups af,.t.k E rin t ted rats.d nstrated a 50%
reductio asihlrlﬁr%lagggﬁ%af E@%%gﬁgﬁﬂglsgﬁgétegaﬂg%%? cqgr r(?ff‘f)gg%ﬂ“’? E&HP M
rats at d@ntiGd,in aihchel@@upi.n. following the I.P. glucose |oad. |0 EXAMPLE 7

Effects of TG-a and Gastrin on Body Wight Gain and Insulin Content in
Di abet es Prondhagfigel &f ToEker gastsiniesatmertitoai fastingablo8d giimpse of thagbese Zucker

appr oxi - i Q,.d opnent of obesity. Besides_the
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also were included in the study as descri bed bel ow. e rats were
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body meight and b] ood gl ucose. The onset of diabetes in Zucker rats
usual |y StsEngddogsbelneest gxsls wese oot siguifgarslycdiered bp dho§GE-giygastiioarsatment
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i n Tabl ewBeth@r oupst thepmebr trehieawith heprewabRbics) oyeui@ prsated with a TGF-cx
and gastrin conbination or PBS respectively fromday O to day 10. G oups
3, 4 and 5 included obese, early diabetic Zucker rats, genotype falfa.

G oup 3 received a conbination pretreatnent for 15 days (day -15 to day 0)
prior to onset of diabetes and continuing post onset of diabetes for 10
additional days (day O to day 10). Goup 4 was 25 treated with a

conbi nati on of TG--a and gastrin for 10 days after onset of diabetes and
Goup 5 was treated with PBS over the sane tine period. At the end of the
study, the rats were sacrificed and the pancreas renoved. Snmall biopsies
were taken from separate representative sites for protein and insulin
determ nations as descri bed above.



The body wei ght gain in obese diabetic Zucker rats wth pretreatnent,
treatnment only or 30 with saline (groups 3, 4, and 5 in Table 3) dgdinqiii
show any significant differences anong the groups. It is interesting to
note that even prolonged treatnment (25 days, group 3) with TG--a + 2 8 MAY
2004 29 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 + gastrin treatnent on fasting blo gl ucose in the obese Zucker
rats was conpared to the correspondi ng PBS controls. Fasting bl ood gl ucose
was first significantly increased by day 15 (4.0 + 0.6 vs. 5.0 + 0.2) and
this time point was chosen as the starting tinme for the 10-day treat nent
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 lower in |ean, as conpared to
obese animals whether or not they were treated with the growmh factors or
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| zzzy, UOUU "L1t~rC:C GL-. :: ocUrCcaVhG& 4 VUO--~
fvit'n'C vl 2 8 MAY 2004 31 The results of treatnment with TGF-a dfMAY 204
gastrin in the Zucker rat nodel of Type 2 di abetes showed no significant
differences in blood glucose | evels between the treatnment and control
groups, probably reflecting the transient hypoglycemc effect follow ng a
prol onged period (18 hrs) of fasting. The i mmunohi st ochem cal studies
reveal ed significant increases in 5 the nunber of single foci of insulin
containing cells in the TG-a and gastrin treated aninmals, as conpared to

control ani nefge sebiRS6f rkAMAOHiHARS! ft £64,30 ih B BASE: kit MR 19569 | S

in adult rat pancreas followng treathent"wth TG-a and gastrin.

| nt er estdimefigs shoueh noi NgRibcd-diffgkhces oniblardes Inobseclonein bbyvesa e irsatadtul ind
(unsti nmul at egé r at l{l)f%s%creasf] These findings support a tgerapeutic role for
TGF-a and JR5EFTURS | RTOPHHE TElertige £)% HansIgRiAPr8 Yy et et daHiRg 4 rrojqpeed
tar get egjef?iodtIQB hrd-dtahdtirge RN RShIncHibob iRl A3k §Bs reVaflef rs?%?l’ﬂ;tan{ (hEFaLLOR
is based in part on studies which denonstrated nunerous 1 nsulin stailning
ced | s i rthe hembeFefsingld foeidbimiwipl astdisindwelluiresie TGE-J and bestah uehieea@ghilee
and endocrine gene expression in the netaplastic ductal cells resenbled
that of 3SroIMParet ©reomiohppigals Eivse indéegs demansiralad anhiacigasd in rglg@-edls in

fetal p eatic devel ppment . Formatio i sl.ets .(neogenesis) results
from pr ool aRL bR T PRdralrBr R T ot o et B ME Bt 1 n
gxgr $SSI@?hmeil are notcomflonyi &ah liy a8t furdsBiniidied)B%t pdn@eas. STRIsE RARRRATLPSL
u romthe
therapeutic role for TGF-¢ and gastrin in Type 1 and Type 2 diabetes since treatment is

10 targeted at both g-cell neogenesis and replication.

The present invention is based in part on studies which demonstrated numerous insulin
staiming cells in the TGF-g-induced metaplastic ducrules. The low level of exocrine and
endocrine gene expression in the metaplastic ductal cells resembled that of protodifferentiated

15 ductal cells seen in the early stage of fetal pancreatic development. Formation of islets
(neogenesis) results from proliferation and differentiation of these protodifferentiated insuiin
expressing cells. Histologically this is manifested as islets appearing to bud from the
pancreatic ducts {nesidioblastosis). In the MT-42 TGF-g transgenic mice, ductular metaplasia
was not seen in the immediate post-natal period, but only at 4 weeks of age. This indicates

20 that TGF-q over-expression induced insulin expression in duct epithelia rather than prolonging

| the persistence of islet precursors found in fetal pancreatic ducts. Although the metaplastic
ductules contained numerous insulin positive cells, the isiet mass of the TGF-q transgenic
mice was not increased over controls. The studies reported above demonstrate that
complete islet cell neogenesis is reactivated in vivo in mammals in the ductular epithelium of

25 the adult pancreas by stimulation with a gastrin/CCK receptor ligand, such as gastrin, and/or
an EGF receptor ligand, such as TGF-4. Studies are reported on the transgenic over-
expression of TGF-4 and gastrin in the pancreas which elucidate the role of pancreatic gastrin
expression 1n islet development and indicate that TGF-, and gastrin each play a role in
regulating islet development. Thus, regenerative differentiation of residual pluripotent

30 pancreatic ductal cells into mature insulin-secreting cells is a viable method for the treatment



pancreatic ducts (nesidioblastosis). In the M-42 TG--a transgenic m ce,
ducrul ar netaplasia was not seen in the i mredi ate post-natal period ﬁmE
only at 4 weeks of age. This indicates 20 that TG--a over-express]%HN(

i nduced insulin expression in duct epithelia rather than prolonging the
persistence of islet precursors found in fetal pancreatic ducts, Although
the nmetaplastic ductules contained nunerous insulin positive cells, the
islet mass of the TGF-a transgenic mce was not increased over controls.
The studies reported above denonstrate that conplete islet cell neogenesis
i s react baiaBéled MeWind®, by tHERAPERLIE aldfhikibveartBACh Uha cambihfiald simabrsr t he
adult pancreas by stinulation with a gastrin/CCK receptor |igand, such as
gast ri n, CeRpgsiionsamhieiprewde gepihels iganed expraskioasy Tap-the pBicoctises ar e
reported on the transgenic over- expression of TGF-a and gastrin in the
pancreas which elucidate the role of pancreatic gastrin expression in

i sl et devel opmaatprésed: invdheah & fdaimilddvRurRNPeaRstdnibdaachls BERYibed hefegn.i N
regul ating islet devel opnment. Thus, regenerative differentiation of

resi dual N&anﬁ@ﬂ%mat QGC%ﬁ@PEﬁFF'CfTGmd e foreaping depereptivatapdeaccompanying figures

i nsulin- j S. 4 viabl e nmethod for the treatnent 2 8 MAY 2004
32 of d?aglg‘é }é@r}%%ﬁﬁdeu%f, &Bsd%[hg'r apeutic admnistration of this conbination
of factors or Vaciouppsblidations\ahd €ifedRet¥ing éhef dikclbiifes of Whithldde QXRERFEICAD
within the pancreas. The present invention is not limted by the specific
enbodi nefrfereges gy hpEE et n. s Mdifications that become apparent fromthe
foregoi ng description and acconpanying figures fall within the scope of
the clains. Various publications are cited herein, the disclosures of which
are incorporated by reference in their entirety. 2 8 MAY 2004 Wat is
claimed is. 1. A conposition consisting essentially of one conpound capabl e
of effecting differentiation of pancreatic islet precursor cells to mature
insulin- secreting cells, for use as a nedicanent. 2. A conposition
according to claiml for the preparation of a nedicanment for the treatnent
of diabetes nellitus. 3. A conposition according to claiml or 2, wherein
said conpound is an



EGF receptor ligand. 4. A conposition according to claim3, wherei g S 'd@m
EG- receptor ligand conprises EGF1-53; EGF1 -48, its EG-1-47 or éll?d-u
congener, or an anal ogue of an EGF. 5. A conposition according to claim4,
wherein said EGFl-53, EGF1-48 or its EGF1-47 or EGF1-49 congener is human
EGFl -53, EGF1 -48 or its EGFI-47 or "BE&FI-49 congener. 6. A conposition
according to claiml or 2, wherein said conpound is a gastrin/CCK receptor
ligand. 7. A cQuposition according to claim®6 wherein said gastrin/CCK
receptor | ig;\-ﬁél—ﬁ—’é—céuééd:r@ri n or a gastrin anal ogue. 8. A conposition
according to claim1, wherein said conpound is orneprazol e. 9. A

conposi ti on actortfHEPeeh Hh§ONsHEN S £SseptE o SrG CoREr] FRREBISPdi abetes s
Type 2 di abet egffectiog driferext ationo! pendiendc i Det prpuasadiasys & npopalzviion of
pancreatic betseceahbsells, Sai wkenetzmodicorgpr.i si ng: providing said pancreatic
beta cells with a sufficient anbunt of a conposition consisting
essentially of;onecapmain &ARAN © Bimdf foetid Mopadlibd F eildatbbay of a

pancreatic islgt precursar Ce ot ure insulin-secreting
wher eby an expﬁoh(g’gacfleﬁdB%ﬁé)tficdginbegef nfoeéll%r‘eati c beta cells is obtained. 11. An

ex vivo nethod_for stinmulating pancreatic islet cell. neogenesis, said

met hod conpr i s#nd: CPPRRAANPCOKIRE Datndat!i o VUt @110 OMRIWIaS 3f f i ci ent
amount of a ch@pesiepiwiigennsi sting essentially of one compound capabl e of
effecting differentiation of pancreatic islet precursor cells to mature

i nsul i n-secret#ng carpdstiozacodddg RAAM-B4vhkzeiABa1XEGF veceprtlr ligdnd or

i ncreasi ng pangdigaises EGH1633, G -4819§ EGF- 8- 4B F 1-49 congener, or an

analogue of an EGF. '

5. A composition according to claim 4, wherein said EGF1-53, EGF1-48 or
its EGF1-47 or EGF1-49 congener is human EGF1-53, EGF1-48 or its
EGF1-47 or EGF1-49 congener.

6. A composition according to claim 1 or 2, wherein said compound is a
gastnin/CCK receptor ligand.

7. A composition according to claim 6 wherein sajid gastrin/CCK receptor
ligand is a gastrin or a gastrin analogue.

8. A composition according to claim 1, wherein said compound is
omeprazole.

9. A composition according to any one of claims 2-8, wherein said diabetes
1s Type 2 diabetes.

10. An ex vivo method for expanding a population of pancreatic beta cells,
said method comprising:

providing said pancreatic beta cells with a sufficient amount of a
composition consisting essentially of one compound capable of effecting
differentiation of a pancreatic islet precursor cells to mature insulin-secreting
cells, whereby an expanded population of pancreatic beta cells 1s obtained.

11. An ex vivo method for stimulating pancreatic islet cell neogenesis, said
method comprising:

providing said pancreatic beta cells with a sufficient amount of a
composition consisting essentially of one compound capable of effecting
differentiation of pancreatic islet precursor cells to mature insulin-secreting
cells.




said nethod conprising: providing pancreatic islet precursor cells of said
mammal with a sufficient anobunt of a conposition consisting essent?ngYZHn
one conpound capable of effecting differentiation of pancreatic islet
precursor cells to mature insulin-secreting cells, whereby pancreatic
islet cell mass of said mammal is increased. 13. An ex viva nethod for
effecting the differentiation of pancdeatic islet precursor cells of a
manmal to mature insulin-secreting cells, which conprises: stinulating
sai d precursor | ]S, fflci - it onsi sting
essentially glfz %ﬁeéléum %Etﬁgdz?ﬂﬁg%féés(?%p%@h% %}lﬁgﬁgztaﬁlgﬁgﬁﬁof
pancreatic i SPEYIEIREGPERHSIBEI | s to mature | s%£in-se%reting cell's, whereby
differentiationPGWNQQSHmﬁéﬁﬁﬁéﬁ?m%??%ﬁﬁﬁegﬁ%@ﬁf Bereed! et 3 "ef fect ed. 14.
An ex vivo nmevfoderdeowndi el tangpnsiicorendfiing esergiallgof Ine gh@peint sai d
conmpound i s anpiHEEof effepingrdi fférgaration b paneax 1vlevpemetstoctilacecor ding to
claim 14, whehguit iaallth-£cetihgeepd, oherdbly gantestonplet s€lbnaéHdf dd EGF1-48, its
EGF1-47 or EGRlInf9) GQpgener, or an anal ogue of an EGF. 16. An ex viva

met hod according to claim 15, wherein said EG-l-53, EGFl- 48 or its EGFI-47

or EGF1-49 caongener i.s human . .EGE1-53. EGEL1-48.qr it - or EGF1-49
congener . 173%A 16%‘@WV38W89ﬁ3&f%f§%$ﬁ$%f ?gﬁg%°p5ﬁ§a8$%?%:§%% 10- 13,
wher ei n sai d PPEGHPSGAES P Bagad fq RAEFK %1855766¥t11]5 GHRAVIEE. An ex vivo
met hod accor diPPT™E6°'cl ai m 17 wherein said gastrin/CCK receptor ligand is a
gastrin or a gastmbhtianstidgmwsurseocellyyidxa ghlfisicnbrnontal @comnegitios any one
of clainms 12-cbBsistivheestmtiadlaiod onereompdunidsapatie pbeffehg diffesnparsint dlon
conpri si ng: ganudehtit Bla rgenisst oglsao plannabaslincefrepagceléawiherd®ycel | s,
wher ei n sai d diffelehtisitton & salil pintieati dislet BeecoBbhedllsasceffectedlg to claim 10 or 1
1.

14. An ex vivo method according to any one of claims 10-13, wherein satd

compound is an EGF receptor ligand.

15. An ex vivo method according to claim 14, wherein said EGF receptor
ligand comprises EGF1-53, EGF1-48, its EGF1-47 or EGF1-49 congener, or
an analogue of an EGF.

16. An ex vivo method according to claim 15, wherein said EGF1-53, EGF1-
48 orits EGF1-47 or EGF1-49 congener is human EGF1-53, EGF1-48 or its
EGF1-47 or EGF1-49 congener.

t7. An ex vivo method according to any one of claims 10-13, wherein said
compound 1s 2 gastrin/CCK receptor ligand.

18. An ex vivo method according to claim 17 wherein said gastrin/CCK
receptor ligand is a gastrin or a gastrin analogue.

19. An ex vivo method according to any one of claims 12-18, wherem said
mammal is 2 human.

21. A composition comprising:
a culture comprising a plurality o f pancreatic B cells, wherein said
culture is obtained by the method according to ciaim 10 or 11.



