i TREATMENT FOR DI ABETES | NTRODUCTION, 5 Field of Invention This invention
relates to a nethod for treating diabetes nellitus in an individual in need
t hereof by adm nistering to the individual a conposition conprising a
gastrin/ CCK 10 receptor ligand and/or an FGF receptor |igand which
effectively pronotes differentiation of pancreatic islet precursor cells to
mature insulin-secreting cells. The nethod is exenplified by admnistration
of gastrin and transformng growth factor ;al pha (TGP-a) either alone or in
conbination to normal streptozotocin (STZ) induced diabetic and genetically

predi sposed diabetic Zucker rgtgsThPrRackeir DAl es is one of the nost
common endocrine di seases across all age groups and 70 popul ations. In

addition to the clinical norbidity and nortality, the econom c cost of

di abetes is huge, exceeding $90 billion per year in the US al one, and the
preval ence of diabetes is expectedﬁﬂalﬁﬁﬁﬂgaiﬁﬂhnre than two-fold by the
year 2010. There are two major fornms of diabetes nellitus: insulin-dependent
(Type 1) di.gbetes nellitus (1 DDM which accounts for 5 to 10% of all cases,
and non- iﬁ'éﬁﬁﬂ%&%%%ent (Type 35 2) diabetes nellitus (NI DDV which
conprises roughly 90% of cases. Type 2 diabetes is associated with

i ncreasing age however there is a trend of increasing nunbers of young
peopl e di agnoiSed imienhoINkEBRA s rediddeidr medating tijabors etel divabetiesndfidhkleinyoung
(MODY). In th Type 1 and. Type 2.cases, there is a |oss .of insul
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combination to normal streptozotocin (STZ) induced diabetic and genetically predisposed

diabetic Zucker rats.

Backeround

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 is
g 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 mellitus (NIDDM) which comprises roughly 90% of cases. Type 2 diabetes is
assoclated 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, pauents
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, ex-glucosidase inhibitors,

t hi azol i denedi ones and conbination therapy. It is noteworthy however that
the progressive nature of the disease nechanisns operating in type 2

di abetes are difficult to control. Over 50% of all drug-treated diabetics
denonstrate poor glycemc control within six years, irrespective of the drug
adm nistered. Insulin therapy is regarded by many as the last resort in the
treatment of Type 2 diabetes, and there?is patient resistance to the use of
insulin. Pancreatic islets develop from endodernmal stemcells that lie in
the fetaftabelet eamrol. pawer éaty Geerpdonhlapusmifonhivctesahsiostoowaiai mselpingriipot ent
stemcells that d?velo p.into the i.o exocrine pancreas. Teitel man and Lee,
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panet eapsr-otodifferemiated 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 mature islet cells. Pictet and Rutter, supra. Around day 16 in mouse
20 -~  gestation, the protodifferentiated pancreas begins a phase of rapid growth and differenuation
““'¢ 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.
'5 Concomitant with this, the islets attain a fully differentiated state with maximal levels of
insulin 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 this
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 hormone regul ating acid secretion, the major site of gastrin
expression in the fetus is the pancreatic islets. Brand and Fuller, J. Biol
Chem , 263:5341-5347 (1988) Expr essi on “of gastrin in the pancreatrc islets
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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 p-cell deficiency n

NIDDM.

Citations of a reference herein shall not be construed as an admission that such
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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-q or gastrin alone did
not demonstrate active islet cell growth, however mice expressing both transgenes displayed
significantly increased islet cell mass (Wang ef al, (1993) J Clin Inves: 92:1349-1350).
Bouwens and Pipeleers (1998) Diabetoligia 41:629-633 report that there is a high proportion

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



30 of budding p-cells in the normal adult human pancreas and 15 % of all
p-cells were found as 4 single units. Single p-cell foci are not commonly
seen in adult (unstimulated) rat pancreas; Wang ei at ((1995) Di aberol ogi a
38: 1405-1411) report a frequency of approximately 1 %of total p-cell
nunber. Insulin independence in a Type 1 diabetic patient after encapsul ated
islet 5 transplantation is described in Soon-Shiong ei al (1994) Lancer
343:950-51. Also see Sasaki ei al (19984Jun 15) Transplantation
65(11):1510-1512; Zhou et at (1998 May) Ain J Physiol 274(5 Pt
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MARY OF THE 1 NTION
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
207 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



in culture to a sufficient anmount of a gastrin/CCK receptor |igand and an
EG- receptor ligand to increase the nunber of pancreatic beta cells in the
islets; optionally the popul ation of pancreatic 5 beta cells can be grown
in culture for a tinme sufficient to expand the popul ation of p-cells prior
to transplantati on. The nethods and conpositions find use in treating
patients with diabetes. BRI EF DES R~ IPﬁ{?ISL i'"F TTE DRAFINFigure lAis
an i mage that shows nunmerous insulin staining cells in the netaplastic
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of¢_ a control mouse from Exanple 3. Figure 3Cis an inmage of the pancreatic
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hi stogram graphically illustrating point=counting norphonetric data which

conf i r fedGAhatraasgehic meeksad highpapessas cbgatthe th NSGASIEGH-ranmicee had | ower
duct 25 nmss than the ancre?s of the TG--a m ce based on t

reported in EX8HpP@ 'SANRAPEET 81 41 RECHAHE Sty PaP ki Qﬂsﬁﬁéﬂ?}@?a@ Wusg used in
' |1 ust r[ﬁlé ?&d?%&grte CQ;” Wagj%len?r p*}lgrfRItSHACS/q@Pa W%ngtjéas had some areas of increased

ductular complexes and slightly increased interstitial cellularity. The field shown here had the

most severely abnormal histology in the five animals used. Figure 3B 1s an image of the
pancreatic histology of a contro] mouse from Example 3. Figure 3C is an image of the
pancreatic histology of a TGF-4 mouse from Example 3. This ﬂeld of a TGF-4 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-« mice had lower duct
25 mass than the pancreas of the TGF-y 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- in the INSGAS/TGF-¢, pancreas significantly
increased the islet mass compared to the islet mass of the corresponding non-transgenic
control mice. Further, TGF-q expression alone does not increase islet mass. These data are

30 based on the studies illustrated in Example 3.



show t hat co-expression of gastrin and TGF-a in the | NSGAS/ TGF-a pancreas
significantly increased the islet mass conpared to the islet mass of the
correspondi ng non-transgenic control mce. Further, TG-a expression al one
does not increase islet mass. These data are 30 based on the studies
illustrated in Exanple 3. 6 Figure 5 shows the effects of TG-a and gastrin
on glucose tolerance in streptozotocin induced diabetic Wstar rats treated
with PBS (open circles) or a conbination of TGF-a and gastrin i.p. daily
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1.1 (PigmfiaB@ 51)11%:@{ QOGBS RANEE 09 IEnQd2 I @'@Oﬁ gs. 7C and 7D). Fig.
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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 (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 (-

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

D E PREFER IME
The invention provides methods for treating diabetes mellitus in a patient 1n need
thereof by administering a composition providing a gastrin/CCK receptor ligand such as
gastrin, an EGF receptor ligand, such as TGF-g, 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 sifu, pancreatic islet precursor cells are ransformed either in ex



t hereof by adm nistering a conposition providing a gastrin/CCK receptor

| i gand such as gastrin, an EGF receptor |ligand, such as TG~-a, or a
conmbi nation of both in an anbunt sufficient to effect differentiation of
pancreatic islet 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. Wien the conposition is expressed in situ, pancreatic islet
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to inplantation by contacting themw th the same receptor and(s). The
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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 1s the
20 need for traditional drug therapy (Type 2) or insulin therapy (Type 1 and Type 2) reduced or
e even eliminated, but the maintenance of normal blood glucose levels also may reduce some of
the m‘ore 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 Jarge 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 cannot



those affecting the |arge bl ood vessels supplying the heart, brain, and
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60% of di abetics are affected by neuropathy. D abetes accounts for 50% of
all non-traumatic anputations in the USA primarily as a result of diabetic
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di sease that is 2.5 tines that of 30 non-di abetics. Hyperglycema is
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conpounds that |ncrea e the ;»cretlon of = endogenous gastrin
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soy bean trypsin i1nhibitor whic ncreases CCK sti ation use erein,
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EG- recept or suc hat when as rin/ receptors jn the sanme or adjacent
i ssues GramiTeoi OesF REePT a0 A0 aS SE N PaLe B ger e 56t LYoo
|nsuI|nlghggggbngdlg@p&ﬁ@g@tg;h§hgkugglIs i s induced. Exanples of such EGF
receptor ligands include EG-1-53 and fragnents and active anal ogs thereof,
i ncl udi ng EGFASAIIS@d BGEiR,58¢ tdEG:‘lE@E re&xeor figmd" exanppasesUSPN dupd3hal 35.

Q her exse}{rngtljlgtse e Cﬂg?ec-ggf)r %uéheche w e*l gagt%w&:‘(ﬁlrece torasn191 the same or adjacent
tissues or in the same individual also are stimulated, neogenesis of insulin-producing
pancreatic islet cells 1s induced. Examples of such 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 examples include TGF-( receptbr ligands (1-50) and

207 fragments and active analogs thereof, including 1-48, 1-47 and other EGF receptor ligands

k 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 Facrors (Eds. Sporn and Roberts), Springer

25 Verlag, (1990).

A principal aspect of the invention is a method for treating diabetes mellitus 1n 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 armount sufficient to effect
differentiation of pancreatic islet precursor cells to mature insulin-secreting cells. The cells so

30 differentiated are residual latent islet precursor cells in the pancreatic duct. One embodiment

comprises administering, preferably systemically, a differentiation regenerative amount of a



2C fragnents and active anal ogs thereof, including 1-48, 1-47 and other EGF
receptor |igands such as anphiregulin and pox virus growmh factor as well
as other EGF receptor ligands that denonstrate the sane synergistic
activity with gastrin/CCK receptor |igands. These include active anal ogs,
fragments and nodifications of the above. For further background, see
Carpenter and Wahl, Chapter 4 in Pepride Gowh Factors (Eds. Sporn and
Roberts), Springer 25 Verlag, (1990). A grincipal aspect of the invention
is a nethod for treating diabetes neltins in an individual in need thereof
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ef fect idichin®renbhad treninadfvigancreatic islet precursor cells to manure
insulin-secreting cells. The cells so 10 differentiated are residual |atent
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adm ni sterin referably systemcally, a differentiation regenerative
amount 0L g rBRSleERT ek Pl i et aht heRee P B ERT fsana
pref er abhymheFa@ re@hkRicidl @R QEreahid HSQRRLNAHIOMed & tiRembMdiayi dual . Anot her
enbodi ment conprises providing a gastrin CCK receptor |igand and/or an EGF

receptor |i gdndnpthepahenpetriton aingirisps peamidiog acgbkirsy O Kexqokpiot éidaphmey esatni ¢

ti ssue qré 5 rrar['mal and reintroduci ng the pancreatic.tissue.so stimulated

to the Q‘rﬁé??em% ZABY AR PANYIRAUS WA AT FORS B St PSEEP BRIEGIPATTHE A YS8E oM bok

receptoankgﬁpg)@ﬁgéghl %HJg%éﬁngQEQ{ | igand to pancreatic islet precursor
e I'Cc €

cel |l s of explant pancr I SS roma manml to expand the popul ation

of /p-cells. Iln anothembeahoeiinentrild@skr taréoKlipagentmilalibganedfatddmil ation is
ef fected by io expression of a chineric insulin pronoter-gastrin fusion
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of an EG- receptor ene I'a

The sequesfiecied by RepleGHogemeni BGPIrew idaRd YekNirand234ickB% intrfd\RBO NG The
enbodi ment stinulation by a gastrin/ receptor ligand and an EGF 15

r ecept orm3mgahd The sepreeet efl hisyEebesape és srayidedfin(W§Pla pf&pidyastrin pepti de
precursor geng a%'ag)er embodiment stimulation by a gastrin/CCK receptor ligand and an EGF
15 receptor ligand is effected by coexpression of (i) a preprogastrin peptide precursor gene and
(11) an EGF receptor ligand gene that have been stably introduced into the mammal.
In another aspect the invention relates to a method for effecting the differentation 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-4, 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-q is preferably effected by co-expression of (1) 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 (Boshart et al (1985) Cell 41:521-530), the SV40 promoter
(Subramani er al (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,



(i1) an EGF receptor ligand gene that have been stably introduced into the
mammal . I n anot her aspect the invention relates to a nethod for effecting
the differentiation of pancreatic islet precursor cells of a mammal by
stinmulating such cells with a conbination of a gastrin/CCK receptor |igand
and an EGF receptor ligand. In a preferred enbodi nent of this aspect,
gastrin stinulation is effected by expression of a preprogastrin peptide
precursor gene stably introduced into the mamral. The expression is under
the control of the insulin promoter. EGY receptor ligand, e.g., TGP-a,

stinmulation is eﬂfected @y eF ression of an EGP receptor |igand gene
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t he cpntrgl.ofkﬂn insulin.$r9nqher. Anot her aspect of the invention is a
nucl ei cTAAF§ (EEhSPERTE COMIE IU JAS PFREY S RPble 2o 08 PABF i 2 sequence

codi-ng feknaciPh &R QGashde dbrRERINE IR0 BGHA ST @ fnANodstisMbEM $nd optionally also
transcriptional regulatory sequence, which is 5 to and effective to Support

tioanscr instuidong ofirens Isagfiénce encodi ng the preprogastrin peptide precursor.
Preferably, the insulli '}yt ran cgi ptional . re%l atory sequence incl
© 5

b \NsC (udes a]t :
| east an | ns_l‘fﬂoﬁ BreoHRCEPeny pHErEr? S eRBOUE IS IHE “CHIRE 8% hginycieic
sequence.;gQd &%e@%dﬁlg%%?ﬁzhﬁﬁ%ﬁ&ﬁ E@W&P@t&egﬁ’@%cgg;%(ﬁﬁ”%h%es. a
pol ynucl eot1 de sequencCe contal ni ng exons an 0 hunaff ‘gastrin gene and
opt i onatrbyscalpsenall@ gl aedrydequencatiicoas’; 2ndd) 2nudeiotaber seqndadicveintg ©fF thde
invention is an expression cassette conprising (i? a nucleic a icl3 seguence
codi ng PEBPTa2ATHIMRERHKITEEH P cHt b ARIcgRARNI gt gllatonarequerpgthgreot. Preierably.
15 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 coding for the
preprogastrin peptide precursor comprises a polynucleotide sequence containing introns 1 and
207 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
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 2 mammalian EGF receptor ligand, e.g.,
TGE-, 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 pGem]1 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



transcriptional regulatory sequence thereof; and (ii) a nucleic acid
sequence coding for the preprogastrin peptide precursor and a
transcriptional regulatory sequence thereof. Preferably, 15 the
transcriptional regulatory sequence for the EG- receptor ligand is a strong
non-ti ssue specific pronoter, such as a netall othionein pronoter.
Preferably, the transcriptional regulatory sequence for the preprogastrin
peptide precursor is an insulin pronoteril A preferred formof this

enbodi nent is one wherein the nucleic acid sequence coding for the
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Anot her aspect of this invention relates to a conposition of vectors
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Bi ot echnobwgyr df1s35TF 4D mascerhawitissis- orectilatced bgenemahhecapyr bas. been used
successfully to transiently correct the chloride transport defect in nasal
epithelia of patients with cystic 5 fibrosis. See Zabner et a. (1993) Cel
75: 207- 246, MK NRASRECH B2 dE kY ERLON 1S @ non- human mammal - or

manmal i an t1ssue, 1 ncluding cells, thereof capable of expressing a stably
i nt egrat ed geviedehothdreimcocesn ipnefrngast nonlimAndthernsirboel, memémofcuidni s

asPect i.s a non-hunman manmmal %9 abl e of
] intraperitoneal, intravenous, subclitaneous, 1ntranasal, 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.

2p The present invention also provides pharmaceutical compositions. Such compositions
comprise a therapeutically effective amount of a therapeutic, and a pharmaceutcally
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 in 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 invention, 1t 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



coexpressing (1) a preprogastrin peptide precursor gene; and/or (ii) an EGF
receptor ligand, to e.g., a TG--a gene that has been stably integrated into
t he non- human mammal , mammalian tissue or cells. The mammualian tissue or
cells can be human tissue or cells. Therapeutic Adm nistration and Conte i
i rns Modes of administration include but are not limted to transdernal,
i ntramuscul ar, 15 intraperironeal, intravenous, subcutaneous, intranasal,
and oral routes. The conpounds can be adi nistered by any conveni ent route,
for exanple by infusion or bolus injection by absorption through epithelial
or nucofttaneguscdlissiangss, (sepyr., Corpadrs iietsa A nwobal ofandhpat Bstalahg mucosa,

etc.) and can be adm ni stered together with other bhiologically active
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is incorporated herein by reference. For a brief review of nethods for drug
del i ver 19882 dnafigerBiopas0)Biaigefctd’. 249 Fap7Nes3R23 AT tht 58178 dvdor at ed
herei n hy ce.. d:n prepari romaceutical coppositions .of t esent
ment i o T BB PEEBREH S Y BB ARy R Eommodit PBRE OBk vher BhESen:

hoventi ere kipval Lgy cdnhigd hsdahardmacakidiet inesapande obiedhsédiioputiconmid@pardicles,

general discussion of pharnmacokinetics, see Remingtons's 1') Pharnmaceuti cal

Sci enceflicgppales@raphetse 37-39. A nunber of methods for altering

phar macoki netIih%Sc e}]nd .te.ioodifs erirbalti on .are ktnovvn. to aone E?fe for%i[.narog esk'& I.fl in

the art (See 6. G PO aRger = Eapr &) EXSMPF e T SN et hode"s ne Fhde! e
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proteins, |ipi for exanple, |iposones), carbohydrates, or synthetic
pol ymer §mufeen,éxidnplpel]. edpsuiggentaned relbrscgpeselntion nuepawdm. CHiF ¢enposition
lgcor porc?rg 89 f(')r%ucfated as a suppository, with traditional binders and carriers such as triglycerndes.
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 ampoule or sachette indicating the quality of active agent. Where the composition 1s 10
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



| i posones in order to enhance their pharnmacokinetics and biodistribution
characteristics. A variety of nmethods are avail able for preparing

| i posones, as described in, e.g., Szoka et al (1980) Ann. Rev. Biophys.

Bi oeng. 9.467, U S. Pat. Nos. 4,235,871, 4,501,728 and 4,837,028, all of
whi ch are incorporated herein by reference. Various other delivery systens
<,r 10 are known and can be used to adm nister a therapeutic of the
invention, e.g., mcroparticles, nicrocagsules and the like. The
conposition, if desired, can al so contain m nor amobunts of wetting or
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wat er eré the c nposition 1s 1 on

anpoul e d:n‘sa§d amgbgfmahennafsaradmmnmﬁamn a6d g&Rtdlneateanols ;pdf/@glbd@jd vwegpiihat the
i ngredients may m xed prior to adm nistration. 30 The therapeutics of
the i nvelﬁgmgnbwnvvfﬂémf oE HE e etpsage st e igpoIgisr tirams dpse-TeSPRETCHRYE BeH §C AkS v
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15 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 into a

1~
i
/

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, paremerally,fintraarticularly, 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 to



derived from hydrochl oric, phosphoric, acetic, oxalic, tartaric acids, etc.
and those formed wth free carboxyl groups such as those derived from

sodi um potassium anrnoniurn, calcium and other divalent cations,

i sopropyl am ne, triethylam ne, 2-ethylam no ethanol, histidine, procaine,
etc. 5 The anount of the therapeutic of the invention which is effective in
the treatnment of a particular disorder or condition wll depend on the
nature of the disorder or condition, and'‘can be determ ned by standard
clinical techniques. The precise dose to be enpl oyed in the fornulation

al s0 Wi Fircelelper@mHIiEeRed Paicelaptyned ol AE 4T pang one-danelinshmoisrieoudiess of t he
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ranges mméfﬁr’gavc%ﬂ%%@ﬂﬁa Gt 4 ﬂtl@lﬁ‘laﬁE@rfa&%fe@ﬁ'y about 20-500 micr Ogr ans
of active conpound per kil ogram body weight. Suitable dosage ranges for
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oral fornulations preferably contain 10%to 95% acti ve ngredient. In the
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i ntroduci t herapeutic transcription expression vector into t
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f ok.exanpl e a recohbi nant adenovirus. The Introduction into the manmali an
host canilbenty amypwknse etilabnt ohdtesyuld nalsadigng: ganbn ay érousnmexes should be

intraperitoneal | ré] ection, intratracheally, intrathecally, parenterally,
i nt r aar 8VEYFar Ingluding hghaely thplatngraeassend Jie yke- topical iy, transdernail y

appl i cation tf,any,mycoey Q?é'*? eos Ut AG L ostRldnatd OvideSlof -
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into a Zerepawcicllatding ewprtistiyn fith wicat gortigsne 0 Aatzogheuarilévet ef expressvort k.2 Thus,

i nt ravenogscﬁadn‘i ni st rgtl on and intrathecal adm nistration are of LI]‘Ear%j cul ar
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into a body orifice or cavity. Particular ce S and tissues can be targeted,
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 may
significantly enhance the translation of mRNA transcribed from the expression cassette if this
2(& 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 level
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



dependi ng upon the route of adm nistration and the site of adm nistration.
For exanple, a 30 tissue which is closest to the site of injection in the
direction of blood flow can be [ransfected in the absence of any specific
targeting. If lipid carriers are used, they can be nodified to 14 direct
the conplexes to particular types of cells using site-directing nol ecul es.
Thus. antibodies or ligands for particular receptors or other cell surface
proteins may be enployed, wth a targetixell associated with a particular
surface protein. Any physiologically acceptabl e nmedium nmay be enpl oyed for
admi ni sttectimgues BecIDNAprobing edbnhiandbdd wivhizh syedtiofs etognipiskhe@ehd Brucssich
as deioni zed water, saline, phosphate-buffered saline, 5% dextrose in
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therapeut i c | eiel, O EXREEBR Akl Br RtRUORE: Llafie /hdlIl AR Iaic kel Of
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t owar ds aeils abitcevEbsn idomatamhdiftithe panciénstihem dos@aele doher, ndik eicCisaied amgict or
used nmust he sufficient to produce a desired level of transgene expression
in(the a&rpw@tlédlffq?-s§@é§ehlw5ilwreeﬂméqyemp@ skigueAdeyn tsurshsagplesad@novi rus VA
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transcribed fromthe expression cassette if this 2 is desired. A nunber of
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that the desired |evel of expression is attained. For
15 well as a sufficient amount of a g-cell proliferation inducing composition containing a
gastrin/CCK receptor ligand and EGF receptor ligand, to allow for formation of insulin
secreting pancreatic ( cells. According to the invention, following stimulation the insulin
secreting pancreatic {3 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 g-cell

proliferation inducing composition.
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Methods of transplantation include transplanting insulin secreting pancreatic (3-cells
obtained into a patient in need thereof in combination with immunosuppressive agents, such as
cyclosporin. The insulin producing cells also can be encapsulated 1n a semi-permeable
membrane prior to transplantation. Such membranes permit insulin secretion from the

25 encapsulated cells while protecting the cells from immune attack. The number of cells to be
transplanted is estimated to be between 10,000 and 20,000 insulin producing f cells per kg 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 1o

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 § cells.



25 exanple, if high expression would exceed the therapeutic w ndow, then

| ess than optinmum conditions can be used. The | evel and tissues of
expression of the reconbi nant gene may be determined at the nRNA |evel as
descri bed above, and/or at the | evel of polypeptide or protein. Gene product
may be quantitated by neasuring its biological activity in tissues. For
exanpl e, protein 30 activity can be neasured by i munoassay as descri bed
above, by biol ogi cal assay such as bl ooth gl ucose, or by identifying the
gene product in transferred cells by i nmmostaining 15 techniques such as
probi ng wi t h &8 cAlSCl pOAGRIISNERH Spediis faald ¢valertedal Falo visheBodride pideiet! or
a reportger _gen roduct present in the expressjon cassette, Typically, the
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moni t or gdatmengixueere hat bt healeald, oo exadpler b obrrryagoo! cinh@rofribs peoxisaed o

the tre nt. The invention o provides for nethods for expandin ,
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froma s abl&edonomn, cHagking Bl BolSObALRE@NEin OF MM LNAYLINR mERSEeIWRile

whi ch are enpl oyed are obtained fromtissue sanples from 10 mamal i an donors
i ncl udi ng dwaheniccadake b®]ogpal eifinach eoes edogr wanat heureykteadnliposio trrcde of
pancreatjc cells. If human geLIs are used, when possible the cells are ngjor
hi st ocoRPRCAKTIFESY Ihtoh8alNVA (1HES r BEAPTBIEta Clpufd fandBPIbI DEh ¢RIt
can be acconpli shed radi.ent . separation after enzymatic (e.Q., .

col | ageNuSe o Gast Fore GreoHE rLeh dPohTsHAer aac- ARG BRI+ e S g vare
guowN i fhdtefiod ¢rant alificAg:fEuidy & @PtreRdH @digneho al l ow for survival of the
cells as 15 well as a sufficient anbunt of a p-cell proliferation inducing

conposi tion dastibrichgormpogyastsrdan/tegroy deeps arts Ifpgasedinang EGFOTeayepidyres.

ligand, ,to allow for formation insuljn secreti pancreat i. cel.l
aceor ot KuRe B Rt bt SRR LB bf GG RN RS fbaf B,
pancr ead}eARy bl SvigR0: REoBhdRE D YareXRANRGde AR [ptibitl &5 Rl eOmbRhaReVifg vector
transplanted into a patient in need thereof, or can be transpl anted

di rect | pr fompbweAdo tipehtareiats. whdtitipnadll, [lipdd cprisirs far bt Porvidaddicicngate

Gonpos! tcbgtr?liners for complexing with the provided DNA. The kits include a composition
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

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 biological 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.

EXAMPLES
30 Materials and Meth



Met hods of transplantation include transplanting insulin secreting
pancreatic p-cells obtained into a patient in need thereof in conbination
wi t h i nununosuppressi ve agents, such as cyclosporin. The insulin producing
cells also can be encapsulated in a sem -perneable nenbrane prior to
transpl antation. Such nenbranes permt insulin secretion from The 25
encapsul ated cells while protecting the cells fromimune attack. The nunber
of cells to be transplanted is estinated’o he between 10,000 and 20, 000
insulin producing p cells per kg of the patient. Repeated transplants may
be required a§hméﬁ®s’siagymttcrifriraiam aiemhais vefreecstd uethetsheliapeptited humirewoddng
insulin secr t| n b The transplant recipient can al so, according to

t he i nveéntir:s gf(brel?) ?88’(167&&6{’%5610@%{%1?%{1%%? anount of a gastrin/ CCK
receptor Ilgand and an 30 EGF receptor ligand to induce proliferation of the
transplanted insulin secreting p cells. 16 The effect of treatnent of

di abet esAnioais bdlievaFVatam @B sl omae dBedibed frenblaloagi Bainsefifd ¢ @eynafiovhe

t reat ment m)dal i té as well as the clinical efficacy are evaluated, if
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effect is effective in changing the course of disease; can be nore difficult
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asasurro ate end i cal ffIC nt|v
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indication of the clinical efficacy of the treatnment regi men. The subject
conposi t[lrmmenan}ﬁaanpnmmdéﬂoa&dknat gafton wise reconon@tedrinrmr e pooneldahes.

Kits for genetic therm usual will include the therapeutic DNA _construct
ei t her dONHREE hAB‘FOTW“@HBGPe RTRO6 LB taqatrflarr@ém%e S ftiERER!

peptf desy 88 L ERIBLANG. Y] L3l okeqlal ; oncoml exad F APl d et ars.

Addi ti on carrrers can separat e 5%ontai ners for

conpl exi @gog oy Bdms‘y PERWhHAgdDNA (W@)‘éb?rﬁ)lﬂa@ﬁ)hl{gﬁal% @gﬁn@ldﬂm fof QMRFo81 Ng

an effectivé agent either as concentrates (including |yophilized
cofrposi tdfoHs¥ays. whi ch can be diluted further prior to use or they can be
provi ded at the concentration of use,

INSGAS Transgene Construct. A Pvull-Rsal fragment encompassing nucleotides -370 to +38
of the rat insulin I gene (Cordell, B.G. er al, Cell, 18:533-543 (1979)) was ligated into
pGem1 (Promega Corp., Madison, WI). A 4.4 kb BamH1-EcoR1 fragment containing 1.5 kb

introns 1 and 2 and exons 2 and 3 of the human gastrin gene which encodes the preprogastrin

]

peptide precursor was isolated and subcloned downstream of the rat insulin I fragment in
pGem1 (Promega). The fragment is described in Wiborg, O., Proc. Nail. Acad. Sci. USA,
81:1067-1069 (1984) and Ito, R., er al Proc. Natl. Acada. Sci. (USA), 81:4662-4666 (1984).

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

1]
[V

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



where the vials may include one or nore dosages. Conveniently, in the kits
singl e dosages can be provided in sterile vials so that the physician can
enploy the vials directly, where the ?0l1 vials will have the desired anount
and concentration of agents. Wien the vials contain the formulation for
direct use, usually there wll be no need for other reagents for use with
the nmethod. Associated with such kits can be a notice in the form

prescri bed by a governnental agency regulating the manufacture, use or sale
of pharnaceuticals or bi ol ogi cal producté8 whi ch notice reflects approval
by the or sale for human 25 adm nistration. The

enc f actur% e
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exanpl e€csetSptoptiarbel oMYeoept asvotiheembsesnoted. At |n1I3 M ce, FVB and
CD strain, were obtained from Taconic Farns, Inc., Germantown, 5 NY. The

TGF-a t F%W?@eﬂllﬁ@ W oxplugsed, b%@haré@é&léérrs]é’s‘b@fﬁ@ﬁleﬁeki’él sWdfmTIEHJD aMAom
o1, 11500498 P0G AR IRh b w e 3L KRG Lo "APBRRLAL s Bitertar chow

ad iibi dymideldhoyf Dees acnessintiquevatiop @0d isyefe 266 ihdiiduz Peofier apnenseek
prior to initiation of each study Freshly prepared streptozotocin at a dose
of 80 nYrRGNSGY eI Yhe Pk ablﬁzﬁmh\gtﬂeﬁédﬂﬂf by Yandonverigong eV émidagsd thean
after induction of.dia eHF e rats were randomy allocated into groups
for subs! gﬁﬁ”eFng§ en HBF nes, TG--a and rat gastrin wer e

reconstitute I j [ to

t hé pr edet er %ﬂr}lega edgth(rafggff ‘[,ilwheccsi)zill al”lﬁ [Hé)p# fer en %ec{ﬁea%vgégﬁ%gldrg :
necelveduamsmngheﬁhdapﬁysupmovumﬁeﬁmmmmwﬁﬁhemhn@moﬁEENSGwﬁ;@astrmﬂmalone
(4.0 kg/ kg body fg conbi nation (total kg)

PBS for “£2pEiS aae OfLSP%‘Fg I“G“H%‘%ed @W@@@eﬁr@ﬁ%%boaﬁg%r?wewsmdmfuibpd p&arder

fragment, eNGRENAS §idid)dHoheat: 988 e 3R b %38ra).

Northern Blot Hybridization Assay. For Northern analysis, total RNA was extracted from
15 - tissues by the method of Cathala er al, DNA 2:329-335 (1983). Samples of 20ug of total RNA

were resolved on a 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 1s
specific for biologically active C terminally amidated gastrin in a gastrin radioimmunoassay as
described in Rehfeld, J.F., Scand. J. Clin. Lab. Invest. 30:361-368 (1972). Tyrosine
monoiodinated human gastrin 17 tracer was used in all assays and synthetic human gastrin 17

5 was used as a standard.

Peptide Radioimmunoassay of TGF-4: Tissues were frozen in liquid nitrogen, ground to 2

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



of the rat insulin | gene (Cordell, B.G ei al, Cell, 18:533-543 (1979)) was
ligated into pGenml (Pronega Corp., Madison, W). A 4.4 kb Bai nHl- EcoRl
fragnent containing 1.5 kb introns 1 arid 2 and exons 2 and 3 of the hunan
gastrin gene which encodes the preprogastrin peptide precursor was isol ated
and subcl oned downstream of the rat insulin | fragnment in pGem (Pronega).
The fragnent is described in Wborg, 0., Proc. Natl. Acad. Sci. USA

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

81: 4662- 4666 (1984). The insulin pronotek-preprogastrin I NSGAS transgene
construct was excised as a 4.8 kb 2s Xbal -F_coRl fragnent Generation and
Char act ecrmmtgla@ghyq@lamﬂmﬁo%éc%rw@s fm? MR iquofBdEmate 9%&%&?%@%@%@
was prepared for mcroinjection as fol t was iIsolated by agarosc gel

el ect r ophahgsicse in puTGFiO@obcbglnﬁs@ioagcra@dmﬁttn maarslufd&@dm;ﬁnmnoaﬂﬁﬂdi alyzed, for
extensively against injection buffer (5mM 30 NaCl; 01. MM EDTA; 5nM Tri s- HCl
pH 7. 4). blFélrﬂtg|tp|ﬁzS@éIldd6@9ft exb bil r b PY/Brd sk adingt o @T@mmu&:oﬂ:rairc RS E-nit from
supr a) e singl e-cell stage were microinjected using standard

t echni qﬁéélgtr%gge ﬁ%é%nw%' or al, Manipulaiing the nouse enmbryo: A

| aporatorv, rnanual, Cold Spring Harbor, NY (1986). Surviving enbryos were

t hen i npl anted |nto the oviducts of CD1 (Charles River Laboratories, Inc.

W I mi ngt%lm)_l@l)m flospe glunssheras datf:cmrrddragthtx)afpfrrmdlmgbrsfastmgl—bxgdmdPGéﬂT
Transgeni ¢ f ound m ce Jer e identified by DNA bl ot techniques using DNA

i sol at ed™f PORTS %19"?551}8? use tails, and a human gastrin exon 2 probe

| abelled with 32 dCTP by randomprimng. F1 mce and their siblings were
simlarly identified. Honbozygous MI-42 mce containing the MI-TG--a

tr ansgenﬁmmwmﬂnmms& CBx the 9ol afpuasle ssitly aibe ahIhappans ssupcall anepenceassed

wi t h_het er ozygot GAS mce. After weanin the of fsprin re placed on
Rl sireat] PRGOS, Bl i e eme et snE e e
met al | otﬁynep@as@n@r&mtd%elmap@men %&JHR'AE &%mlﬁh@tn?mgkhahé tthﬁ'el

Assail. For Northern anal ysis, total xtrac rom 15 ti

t he met hodl ofkulGail&tairainenoss. , SﬁllWrBz&Z@mB&ﬁnc Js%ﬁ])es (Sanp) esrofap2dy tofwddot aI
RNA wer res ved on % l%(\%garose denat(g f‘.n g rPd transferred to

ni trocel | UIEREOHF PN U2 HY BRiCaRrRE Al iath aEop [prayefaiR e fapingtion and

ri bopr Ob@@ lﬁfm@é%ﬂe 210fecRYTBACPASHAAIN ek ALioRI #id?Ab insulin 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 Immunohistochemistry. Freshly excised pancreata were dissected,

) . cleared of far and lymph nodes, fixed in Bouin's fixative, and then embedded in paraffin for

P

sectioning. Routine sections were stained with hematoxylin and eosin according to standard
methods. Pancreatic tissue from adult 17 week old MT-TGF-5 (MT-42) transgenic mice were
immunostained for insulin to examine the effect of TGF-y over-expression on 1slet
development. Insulin positive cells in TGF-g-induced metaplastic ductules were identified

; using immunoperoxidase staining guinea pig anti-human insulin sera (Linco, Eureka, MO); a
pre-immune guinea pig serum was used as a control. Immunohistochemistry was performed
on Sli paraffin sections by the peroxidase/antiperoxidase method of Sternberger using a |
monoclonal rabbit antigastrin antibody. See, Sternberger, L.A., Immunocyiochemisiry, 2"

Ed. (1979) NY: Wiley. 104-170.



cross-hybridize with endogenous nouse gastrin nmRNA. 10 Peptide

radi oi rnmunassav of Gastrin. Tissues were extracted and assayed for gastrin
i mrunor eactivity by radi oi munoassay as descri bed previously using anti body
2604 which is specific for biologically active Ctermnally am dated
gastrin in a gastrin radi oi munoassay as described in Rehfeld, J.F., Scand.
J. din. Lab: brvest. 30:361-368 (1972). Tyrosine nonoi odi nated human
gastrin 17 tracer was used in all assays an®# synthetic human gastrin 17 5
was used as a standard Peptrde Radi oi nmunoasspy of TSF_a: Tissues were
frozen in demhogesiond The mlatpyewdermaevof fsleter dwns,anmdnpestizbgel bmdds

2ub] eot25, 9,354 TRl 5 E%‘%tk%%@@%@%%%'@%éﬁn‘r%mb?ﬁi‘tfg ke TigeSig. T12:13)

reconstitutedwdsh vatenas &ndaRiLELdH,CRRTEM Lak LANS ?61?1[ m &%dcd’r‘hér}bﬁ&

Coomassi e blue dyé i9 binding assay (Bio-Rad Lagorato I es, Hercu)es
Al i quot s fS@mOtlhevq:mmImactezhd wes ectred tuethg d BS doypk iocalke giid. aAﬂ'Gﬁbrased but systemaric

radi oi nt nungassay, measured c etition with "l TGF-a for binding
a sofid- phé@%“roé]b it Q%Y“@f)éwnrpjisg%cgngﬁélﬂrfs’tmflﬂéo@f@Frﬁ‘arﬁﬁsmdfom%ttfﬂ T@fﬂféepts

(kit from ,BiohgpeveIeRt ti€audfé)) rr%pﬁlrf?)(ags c3ruiﬁ:1 ﬁ)bﬁl Qggﬁ#l \%gr%ss%lbyr@&ed to_give the
determ ned either after overni ghly astin ter aI ucose o |glase
met hod. Ti ssaiepannsutic rare@naAymnsmupﬁtoftﬂ@é)OQﬂdm@ﬁn ¢ae rﬁemsddyszem@caar@i dmates weeiee

sacrificed and pancreas U 4"' renoved. Small biopsies were taken from
separ at e rgﬁﬁ@§§HPé¥?W€m§rW@%”FWPdﬁdﬁdﬁﬁlphﬁk ﬁ@ﬁd@éé@aﬁﬁﬁl$?hw%ﬁ@ﬁé@?gIhe
snap- frozep,i,pe{ bﬂfﬁ'[éilcé'ﬂt bogeRf BEsueWBQQ'b?t[HeCHS%?It Byerr[% 0L %h@nssu@ndl‘he
i nsulf; Jn determnations.” Snap-frozen pancreatic sa ?) rapidly

t ha\r\ed diissolpt edemhrarsacmmemawwca afurdeu a@mzeedrmateersreamd vatd Gptied §aﬁcaé<adl vﬁ@ghr
protein determ natjon and, the honpgenate subjected to acid/ethanol
extraction ¥fi 6£¢t8- ¢ ngari- e BR oAt { oh 1By -RR (5% st ol ogi cal Anal ys;j .

The pancreata were renoved, weighed, simlarly oriented in cassettes, fi xed
in Bouin's solution and enbedded in paraffin by conventi onal procedures.

Ti ssue PrefanatiiadtAmiyson Doffershashem &in mehisesdeye oexir & thrpagia fieat aiffeeeces

di ssected, :
using the Student's 7 test for unpaired data.
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EXAMPLE
Assay For Insulin Production in TGF Transgenic Pancreas

Immunoperoxidase staining showed numerous insulin staining cells in the metaplastic
ducts from the TGF- transgenic pancreas (Figure 1A), whereas insulin staining cells were

virtually absent from the non-transgenic ducts (less than 6.1%). When at least 600 ductular

‘,,N
T

cells/animal were scored at a final magnificarion of 400x, insulin positive cells were seen at a
frequency of 6.0 +/- 0.9% (n = 5) in the metaplastic ductules of TGF-4 transgenic mice.
Occasional ductular cells stained with the same intensity of insulin staining as the adjacent
islets, 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.O. Greep and E.B. Astwood (1972) American
Physiological Society: Washington, 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-q transgenic mice was not increased. The islet mass as



3 cleared of fat and | ynph nodes, fixed in Bouin's fixative, and then
enbedded in paraffin for sectioning. Routine sections were stained with
hemat oxyl in and eosin according to standard nethods, Pancreatic tissue from
adult 17 week old MI-TGF-a (Mr-42) transgenic mice were inmunostained for
insulin to exam ne the effect of TG~ a over-expression on islet devel opnent.
Insulin positive cells in TG a-induced netapl astic ductules were identified
usi ng i rnnmunoper oxi dase staining gui nea pig anti-human insulin sera (Linco,
Eureka, MD); a pre-inmmune guinea pig serumwas used as a control

I'r nmJPo%&hﬂﬁéﬂ_@ﬂbﬁﬁ)bﬁlt\&ﬁﬁntﬂ@ﬁl@gj@%elr‘%@ was Panahf iy sest i0as by- the = 5)in
per oxi dase/ anti per oxi dase nmet hod of Sternberger using a nonoclonal rabbit
ant i gast e @ty beygenBgenciSiecmbpogerg 1193Ang 4 Mmunecyt=o6heom smanygen? litdd.
(1979) NY: Wley. 104-170. 20 Porn -LQn in nMs2 iaorrto ics. The relative
vol une of*?i%l ets, ducts, or interstitial cells was quantitated using the
poi nt - count i ng, net described in i bel,, EER . Lab. Investig., 12:131- 155
(1963). At a %&5%(??@&%?@%‘%?“?5@%?<¥Fé§?Fﬁgeg%“§“¥ﬁﬁﬁ8ﬁﬁé%¥ t at one corner
ofsthe seddiderenBi@l iuet helk ihdoerd fly \Warse 869410411 USE NI s 21RO jQeul ar grid. .
An unbi ased but systematic 5 selection of fields was acconplished using the
mar ki ngsdidfer¢rhiatisn agmuiras cxtlomdt@ors datrarfomptise aduepartlaodf ViESSgl sandyabic
ducts, |ynph pnodes,_or interlobul ar_space were subtracted to give the tota

' 9
pancr eat CCar &8¢ AITHIARUIAN G P00 SEmhREed ¥let DErcRTserueccrsy Statataic Hitly
chosen ugi ! r r t i i
rel ati veéf%\}sé?oéjtntlé\}g %Trcre%gﬁtral Ugartft?lgghﬁr%a elrO ﬁo‘)g&%{ﬁtlg(gg‘e%t@gé\}esgdgg gﬁt%\}l}s}g%gﬁ ®
di vi-ded pariddreAmuomizethe dacesrs papes et inchd dsslieping hwerd Oraaids Qlabtk @ niestiedl pepssesor
islets was calculated as the relative islet volume tines pancreatic wei ght.
S&é, LeelPeHyadirinser al | Endocrinol ogy, 124:1571-1575 (1989). Stati sti cal
Anal ysis. Differences between neans were conpared for significant
differences wusing the Student's t test for unpaired data. t5 EXAMPLE
Assay For Insulin Production in "FGEXANMPUE Pancreas |rrununoperoxi dase

st ai ni ng showed numerous insglin %£aining cells in the netapl astic
Pancreatic Gastrin Expression from the INSGAS Transgene

To examine the possible role of gastrin in regulating islet differentiation, transgenic
15 mice were created that express a chimeric nsulin promoter—ga.strin (INSGAS) transgene 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 1n the adult
pancreas.
20 77 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 (0 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., er al, Proc. Nail. Acad.
Sci. USA, 81:1067-1069 (1984); and Ito er al Proc. Nail. 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 anusera 2604 (Rehfeld, J., er al,



ducts fromthe TGF-a transgeni c pancreas (Figure IA), whereas insulin
staining cells were virtually absent fromthe non-transgenic ducts (I|ess
than 6.1 %9. Wen at |east 600 ductular cells/aninmal were scored at a final
magni fication of 400x, insulin positive cells were seen at a frequency of
6.0 +I- 0.9% (n =5) in the netaplastic duct-Liles of TG--a, transgenic

m ce. COccasional ducmlar cells stained with the sane intensity of insulin
staining as the adjacent islets, but nos}, had | ess intense staining (Figure
1B). The low |l evel of insulin staining of the 3s ducrular cells resenbles

t hat of odi tf,er i A& r ' e - Of lopi ng
pancr eas?ga%}jbg églﬁ'ngE%n%tV%Vq‘J Cj@Riﬁlt gﬁ%@@l %%rcrgnﬁt fog;{ H% Eggéﬁ\% t@%ﬁ?ﬁé@eﬁdocr i ne
pancr easterinmusEdgesrinnol ogy, Handbook of Physiol ogy, ed. R O Geep and E B.
A stwood (1972) Anerican Physiological Society: Washington, D.C. 25-66: and
Al pert, S. et Bgl f@HlSlp.w@s:gzgtsmswrisw)@sfwmﬂaﬁég@ﬁf%%ér@maeee e o ehbegd
nunber of i LN i fd LS. Lot pl ast | 3Q duct the islet
mass of %IIlllle &b%m@ ??néﬂg%aﬁf%%bltggg%ﬁs\%ﬁbﬁgﬁ&neré@géqoﬁeanﬁg?az}cf mass as 21
quantitated bop@Eni boeUSt RING RDFARROFeLT diERraMaSisduckd MPweék old. BHBEABAN +/ -
se, n=5) in the TGF-a transgeni c pancreas conpared to 1.93 ng +/- 0.46 (n
= 6) nonUtR®EB§ERIce WAre hepridpad egth Thuman BERra over2 pxqdeeddigbne wllopkedindn not
effect transitio these 5. protodifferentiated duct cells into fully

i ffor ent Pet PEh S OFR e RIS b Bb S hln R S TR Sl s

ot her fagieefff RPSENhumMEQRLIAR padell fo RRARGAIRASOPs SEET 1R ahk ATEYRM AN IV £8 and
Since differentiation of protodifferentiated islet precursors occurs durin

| at ¢ f et BDN-UgasLENSPITE Bt MICE £&pEss hradiglghelf ioh gnuriies gastam silRIN 6 n Radiplgmupressyy b

expressed in islets durin i S eri od. Anpng t factors expressed in the
dabel opt g Tt &S ar 8 Ty STU R RE R R Bou R S S e T s "

EXAMPLE 2 ian&feanGryGRat &lcBe Rl @880 PodieAMntiRe dhNPEZAS hrapsasnef i @xam ne
the possible role of gastrin in  regulating islet differentiation, transgenic

15 m ce wetagcppwanernt gane €xpussila Bhigasrincimmsudicactprynwisetelgast i pancreatic

(INSGAS) (L1 205000S, | Mosatbiccll LP oSt D, PEOTOREL dL1SoLe RANSh AR, PRopLAHS

for carboxy amidated precursors, indicating that the gastrin peptide precursor is efficiently
15 processed post-translationally to the bioactive peptide. Immunchistochemistry with a gasirin
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

2077 Investig. 12:131-155 (1963)) was identical in 5-6 week old INSGAS mice (1.78 +/- 0.21 mg,
) 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
Histological Examination of TGF-5 and TGFE-/INSGAS Pancreas

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 gasirin



(Figure 2A). Unlike the gastrin gene, insulin gene expression is not
switched off after birth. Thus, the I NSGAS transgene results in a

persi stence of gastrin expression in the adult pancreas. )o = The | NSGAS
transgene conprised 370 bp of 5 flanking DNA and the first non-coding exon
of the rat insulin | gene. Cordell, P., er al, Cell 18:533-543 (1979). It
was ligated to a Ban-LIT |I-EcoRl fragnment containing 1.5 kb intron 7 and
exons 2 and 3 of the human gastrin gene whi ch encodes the preprogastin
pepti de precursor. Whborg, 0., et al, Proc. Natl. Acad. Sci. USA,

81:1067- 1@69TGIQ§4MK6®®UNDSofencaM@Rrbmﬁ*&nmquAmadtFEBWCDUSAHﬂB@H&GGZ 4666
5 (1984). A 4.8 kb I NSGAS fragnent was_isolated and m croinjecred into

i nbred FVBICKSHRYTES] PON-HAREENEANNIOS. @Egaﬁ“%B”T@ﬁg@Tcawﬁﬁh GV%i#ﬁﬁjvh@Uﬁ%use
enbr oy: A[IE?%QF@SOFM %@é‘l@}dups (0}%?@ WETE gﬁﬁlcgd ?r a0 Orat B%Seg(g P age At 17

i mmunor eact y in pancreatic and stoma fron1transgen|c nd
transgeni Gehsc6f NRS tl@&ﬁﬁx&ﬁ@d \Dyrersachi Dt FIMUHIOAS SANC s AGnARE I8 ERhRIA604Eal
(Rehfeld, J.; et al, 22 S(and. J. din. Lab. Invest. , 30:361- 368 (1972))
spegific forudthe. bTbapAHCV@SdmrdélfCéHQCanct BY G AGSOEFgasticd md Betilar gedss

i fi t fr t he_ | NSGAS t b
P ununos{arArAGEGH p%ﬁ%%%ﬁ%é. sy dem g r?olepggleg?‘ﬁ%fei”y\ﬁgﬁ%é@%%ei{ﬁ/8&%? Bty s
Nor t her n EgrﬁztréaSOngﬁ‘lA L %’i&ﬁjgfag Qg] dLfLer e*f'&Ft' SRUHeR B B %%‘Mﬁ?ﬁs
transgeni & m ce were chybridi zed w th & huran gasfrin exon l§

| evel s of ngasired by Ncrr&res@@m anERNA swak @ rﬁ)@@ﬂoxl\/ﬂ) irhieb)pad@l(l?dﬁﬂﬁl$uriblal§8390tTHen any
other tissues. This probe is specific for the human gastrin gene; no

hybr Kgl zapionedts ‘E@Eny immanereattiRNgepoide INSGASeeNntl . 2noh-1 arth$géni-¢- FB1gi ce
expr ess hi gh | evel s of Sﬁ)rsl ne g[aq%rl n tnRNA. Radi oi munoassay of pancreatic
ext'Pacts PFO#PI F\f%@.& trdnsgeRe d A oeathBneGART HhT e et TBIPEEAN Y n

| ntnunor eact | Vit or gaﬁ{se&%e&}rﬁo 933 (RS ARLER oLd) Owsfg%éascfr%nh@mree
expressed fromt en nous mur i gene (Figure 2B). No gastrin

i mrunor eagtduypk toy mvas sideice qite dNISG ST eat i F\eB/UIaptsmﬂﬂs nafd- Cr angggniveere
control mce (Figure 28@ The gastrin radi oi munoassay is specific for
carboxy amiadat ddwe dish-oi praicecss ibag sbhataredseofgasreried dyeplardeoppiecsrssdr

Is effici enthlt%/ increased interstitial cellularity; the field shown (Figure 3A) had the most severely
{5 abnormal morphology seen in the five animals; most of the pancreas was indistinguishable
from controls (Figure 3B). In contrast, the field of TGF-q pancreas (Figure 3C) was typical
and showed the interstitial cellularity and fibrosis combined with florid ductular metaplasia
described by Jhappan er al, supra.
Pancreatic gastrin synergistically interacts with TGF-¢ to increase islet mass and
70&/ inhibit the ductular metaplasia induced by TGF-4 over-expression. ‘Mating the homozygous
MT-TGF-o (MT-42) mice (TGF-q) with heterozygotic INSGAS mice gave offspring that
were either heterozygotic TGF-4 single transgenic or double transgenic containing both
INSGAS and TGF-q transgenes (INSGAS/TGF-o). Since INSGAS were FVB strain and
TGF-o were CDI1 strain, TGF-4 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 SOmM 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 grid at 170x



15 processed post-translationaily to the bioactive peptide,

i rnmunohi stochem stry with a gastrin nonoclonal antibody shows pancreatic
beta islet cell specific expression of gastrin. Although the | NSGAS
transgeni c m ce had high expression of gastrin in the postnatal pancreas
(Figure 2B), the I NSGAS transgenic m ce had pancreatic histol ogy identical
to controls. Islet nass as quantitated by point-counting norphonetrics
(Weibel, EER, Lab 20e, Investig. 12:131-15b (1963)) was identical in 5-6
week old INSGAS mice (1.78 --/- 0.21 ng, n = 11) and age natched
non-transgephFGoBh! MleSeokile i Avas Qo8R8 withonr bhdrlap NY8e maA8YSE 8LAGRS o islets
expression of gastrin in the postnatal pancreas al one does not stinulate

i sl et cel asgrowtdied BS nEXANIPIDE-1Be relstive gdluheBoanhaahinon’ sofant@etiwaredg G | NS
, AS Pancreas Stinulation of islet growh by gastrin nmay require stinulation
by ot her §PERRbFer AEEEHTS Mmaap bore yicelys ribe penss ivas qppmsbest soms/6fbogr|regeht. Results
Therefore, effects. of tri isnul ation.wer st udi in.TGE-aJtrans iC
m ce whi cﬁr%{'g\?eg ﬁ%‘% gtﬁllng%t% i fj(?ﬁrs i ﬁéltlmég%ﬁ? 5?(% FIvs) Bﬁsﬁg‘ &B’?%egs:t?ynémgﬁmc%ﬁéét
resenbling, prepegi fferentiated islet-precursors. To assess the interaction
between gastrin 23 and TG-a, three groups of mce were bred with

equi val ent FVB/IODtestammoingagemefrom thbdbKGAdINdss geno neducad sigedictuleonterapliasial G-
a single rransgeni c_and | NSGAS/ TG--a double transgenics. Al three groups
of m ce weiescflacbdFon osonMipzeseion. aft 37 weeks W pagecatst hisplogyeelkde of age,

vl it § oN S AR a1 ST o B HCNGeel TOFORH eaeohiat (T AP 5t s

m)rpk{)-ohog' | 1 3P r s: fesidid,gptyfirmand conpact in contrast to the
sof t \di"fflblgagl %%n?fo eaﬂggr?crrnéas(l.ﬁlépge?g)éxpr ession was equivalent in TGP-a and

| NSGAS/ TGF- a  grompsyashenfirieas beth i dyos dnd e c uetu) @nah¥shsnd datra new
shown) and by radi oi mmunoassay. The pancreatic TG--a i nmunoreactive peptide

| evel s weldSCARTHE- | ramderi@nocerind Snd/ i/ CIp eaonwolprhot piim-(dMBEng AierpBDhetras
the TGF-a I%Lnd | NSGAS/ TG--a m ce, respectively. Light mcr ogr aphs of
hermat oxyl (&t arfed GRaPareis e sdotas s 2t Thane reakes N SaAOhECT e agncreas also

significantly increased the islet mass compared to controls (Figure 4B), whereas islet mass
was not increased by expression of the TGF-4 or gastrin transgenes alone. The blood glucose

15 concentration was not significantly different among the three groups of mice.

EXAMPLE 4
Effects of TGF-, and Gastrin on Pancreatic Insulin Content in Normal Rats

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-y and a gasirin as
compared to control animals (untreated). Groups (n = 5) of normal Wistar rats were assigned

to one of the following four treatment groups.

Group It TGF-: recombinant Human TGF-o was reconstituted in sterile saline
25 containing 0.1% BSA and was administered i.p. at a dose of 0.8 |,g/day
for 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

30 administered 1.p. at a dose of 0.8 pg/day for 10 days.



groups of mce studied (A INSGAS/ TGF-a; B: FVB/CDl1 controls; and C TG-o0,)
were nmade. The | NSGAS/ TGP-a pancreas had sone areas of increased ducrul ar
conpl exes and slightly increased interstitial cellularity; the field shown
(Figure 3A) had the nost severely s abnormal norphol ogy seen in the five

ani mal s; nost of the pancreas was indistinguishable fromcontrols (Figure
3B). In contrast, the field of TG--c, pancreas (Figure 3C) was typical and
showed the interstitial cellularity and fiBfosis combined with fiorid
ductul ar metaplasia described by Jhappan er al, supra. Pancreatic gastrin
synergistically interacts with TG--a to increase islet nmass and o --~

inhibit t ar a |a |nduce ver - expression. Mating the
hormzygoug§ ﬁigF T?%%a a(“% CTeP- gfxﬂﬂéﬂ‘% ﬁﬁ?ﬁfyap T NSBAS i ce
gave of fspring that a&kﬁfr@st@eﬁh?f. aneteed R YORtd £vdiShb@& eSbNgb @a¥d ansgeni c or

doubl e transgeni c containing both |NSGAS and TG--a transgenes
(I NSGAS/ TGF-a). Since I NSGAS were FVB strain and TG--a were CDI strain,

pr oduce FUBIERIT Gt o A BALRAPGUTACHEr B |-t FEed OGrSdpe Bt el M U0 ver o

treated with 50rMnCl z from 3 weeks until sacrifice at age 17 weeks. The
pancreas was renoved, weighed, shnilarly oriented in cassettes, fixed in
Boui n' s sol uti oAt arderenddetidethdiyrperjpar(ad fiaye), Ohenmandomes®ctifion frdosangachof
animal was used to quantjtate the relative volunes of ductules and islets
by poi nt - JEHRIGARJAFBrASHEHRYF'i E3C V@RS SPSCITBERE lzaxbgm\pég@rﬁglc Usshe PIE 18%N30

(1963)). - ﬁftr ;Jtn%%% a?eox%%r&%ﬂa# i¥e Qi rmte'a&ﬁ%‘? g‘ﬁﬁ&%a%’r’xﬁ" ecﬂz?[e {3/9‘?& §119f11 §1d50

p0|nt magni fi cation Ire section ma ere
overd ‘ép Theopas $0r0;fna@ucsr<hﬂ 1@511191 cdrsdret §or\aaslys1alo¢lpba¢rembmsmﬂ ¢drpd iy mg sInlaﬁ
relative volune and the anj mal' pancreatic weig normal i ze different

nmean body WefegrrAicraaHe Sﬁ@gges\wge é%ﬁﬁ]é/s[%‘ﬂedaéjlﬁﬁgte@dﬂva%lcém In fRgElipd wategded
mean and s r N by
Stadent - s RUR it E0RgILoRe B ARLTRR Mo RAER PEAHRUBT HELEY R

t ransgene meduce:richesad (Ctatnaar atet(a§is3adlabereans 6ds iﬁyoﬁ%r@;emv@{mﬁnpbe&si on.
At 17 weeks, the pancreatic histology of the |INSGAS/ TGF-a mce (Figure 3A)
resenbl ed \tahms wtretcheecion e wirdipgne peasn CHgur snd3B)allyerpressed 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-o and Gastrin

( Treatment Pancreatic Insulin Cor?tent
) e (ug insulin/mg protein)
Control 20.6+/-6.0
TGF-o 30.4+/-7.4%
Gastnn 51.4+/-14.0**
TGF-¢ + Gastrin 60.6+/-8.7*F**
20 * TGF-q vs. control, p = 0.34;

** pastrin vs. control, p=0.11;
**x combination of TGF-¢ and gastin, 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



than that of theTG--a trice (Figure 3C). n This was confirmed by
quantitating pancreatic ductular mass in the TGF-wand | NSGAS/ TG a
transgenic mce and the FVB/ CD1 controls by point-counting inorphonetrics
(Figure 4A). Co-expression of gastrin and TG--a in the | NSGAS/ TGF-a pancreas
also significantly increased the islet mass conpared to controls (Figure
4B), whereas islet mass was not increased by expression of the TGP-a; or
gastrin transgenes al one. The bl ood gl ucosg u concentrati on was not
significantly different anong the three groups of mce, LXAWI E44 E cts of
TGF- p and agaskirhite BNhRROGIEiatiesd il $ihdrBatfORESN cbhte NSRBI JBAldSt0 Iddh ol animals.
experiment was designed to study the effects on pancreatic insulin content
in non- (Thssqjqizaa)emnmrtathpylmp(sthw@t@@@djempmbm'li@n@fTFé} -gasidrdantrinodoea produce an

corrblnatlon of TGE-a. and a strl ﬁr})aredtoc ntrol aniﬁmls..

(unt r eat edjSTEF SUPE 0153“3 IVO\NTE? ar M dpgeaRsrietiads pynueralliceneiien st B he
fol |l ow ng ckP-a was
reconsti tﬁ%ggw%rﬁg'?ltgg?méeagg ﬁ@“be. %g%ﬁt%%nnﬁel?gyé&%%gﬂy Qﬂ%%s\ggqgs g:)st ered
i.ps at aiddseluefp-@el®s)pa/ day for 10 days. Group I1: Gastrin: synthetic Rat

Gastrin | was dissolved in very dilute ammoni um hydroxide and reconstituted
in sterile saline containing 0.1 %BSA. It was O admnistered i.p. at a
dose of 0.8 kg/day for 10 days. L Go ngF a + Gastrin: a conbination
of the above preparations was adm ni %&@T—p at the dose |evels given
above for 10 days. G oWffdcVof Combineliodti TBIFSy hRE €la¥@Fh GHPindPeaticn] ection of
vehicle alone for 10 days. At the end of the study per| od (10 days), all

ani mal's were sacrificed and sa#jsies % Als five

bi 0 sy-’speci ne ( ncr atl Ssue wer ‘ :

represent at i venirietsggorf QeDae pancgip am%‘@?eﬁ rq{)] %WQ 11lrar 15 ?bﬁ'a
liquid 10 alﬂtitg'éﬂﬁﬂ@oﬁl@"m@;@@-ie}/}ﬁa'n&e@tﬁc inesiy bcﬁht@rﬁ% @dbetiE@hidN | ¥ &hfoz8focin (STZ)
pancreatic insulin content, the snap frozen pancreatic sanples were rapidly

t hawed, ditsalgsh edleutls caspaizble tpyhdsa i hermdl [(eeh-G@ ¥ ereagasd animals.

Normal Wistar rats received a single 1v 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
immedjately 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.

20,7
ke
a Group I 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 1; both
preparations were administered at a dose of 0.8 pig/day for 10 days.
25 Group 1I: 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



aliquots taken for protein determ nation and acid/ethanol extraction prior
to insulin radioi munoassay (G een et al, (1983) D abetes 32:685-690).
Pancreatic insulin content values were corrected according to protein
content and finally expressed as pg insulin/nmg 15 pancreatic protein. Al
val ues cal cul ated as nean +/- SENT and statistical significance eval uated
using Student's 2-sanple t-test. Table |I Treatnent of Normal Rats with
TG--(x and Gastrin Treatnment Pancreatic Iasulin Content (g insulin/ng
protein) Control 20.6+/-6.0 TGF-a 30.4+/-7.4* Gastrin 51.4-i-/-14.0**
TG-a + Gastrin 60.6+/-8.7*** 20 TG--a.Tublezontrol, p = 034; gastrin vs.
convol , p=0. 11; conblnatlon of TGF a and gastrln ‘p ,‘0 007 As shown in
Tabl e 1 above, pancrz ' AEUAS Al emne ‘ eased (p =
25 0.007) in the TG--a + gastrln treated a$a Sh%QFP%%ng to contro
animals; there was an 26 approxinmately three—?éfdigﬁ?%e@se—rﬁ‘pancreatlc
insulin content as confiaegehd@ control ani mal §:8 IPFHEBEYGRT Y Wpport t he
hypot hesi s that the conbination of TFGa and gastrin does produce an
increase in the functi ell volu is increase reflects an
overal |l condition of fgﬂﬁ ‘ﬁhﬁng?gla5|a (|§§%egge in nunber) rather than
p-cel |l hypertrophy (in&iT&ades TaFshzeGafkrid i ndicviidgad p-cells). EXAWPLE 5
Ef fect of Conbination of TG--ax and Gastrin on Pancreatic Insulin Content

in Diabetic Animals 10 The second experi nent was designed to determ ne

whet her the Conﬁqler‘]%duc%on of dla%%tes by STZ was successful and produced a moderate but sustained

5\ " degree of hyperglycemia. Total insulinopaenia was not sought so as to ensure that the study
- animals retained a functioning, but reduced f3-cell mass.
As shown in Table 2, above, the pancreatic insulin content of the control streptozotocin
treated animals was less than one third that of normal rats (20.6 + 6.0 mg insulin/mg protein, see
Table 1 above) as a result of destruction of B-cells by the STZ. In STZ animals treated with a
10 combination of TGF-q 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 -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 §-cell
renewal and/or replacement 1s 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-¢ 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

20 levels.
EXAMPLE 6
Effects of TGF-o and Gastrin on IPGTT in STZ-Induced Diabetic Animals
Two groups (average body weight 103g) of STZ induced diabetic Wistar rats (n =
5 6/group) were treated for 10 days with a daily 1.p. injection of either a combination of TGF-a

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



and gastrin could increase pancreatic insulin content in diabetic animals
(streptozotocin(STZ) treated) to |l evels conparable to those in nornal
(non-STZ treated) animals. Norrmal Wstar rats received a single iv injection
of STZ at a dose of 80 ny' Kg body weight. This dose of STZ was intended to
ensure that the study aninmals were rendered diabetic 15 but that they

retai ned a functioning but reduced p-cell mass. The STZ was di ssol ved

i medi ately before adnministration in ice-col®d 10 tnMcitric acid buffer. The
animals were nonitored daily; persistent di abetes was |ndicated by
glycosuriaﬂdndﬁﬁﬁhﬁﬂ$hédﬁbMShmwhﬁa&@Bnge%bh@ddmgﬁﬂﬁﬂsﬁKﬁEf&ﬁﬁhﬂﬁ%b@ﬁénﬂ&heAt
week after chtlon of d getes rats were r§£d0n1y al l ocated into two
groups (n daVG}) é&”ﬁ‘p&lnlt%% gpse.toleraneg (a5t P FEE) weremesiorpad adfrwigg a]bét/?@lgh[
rats were

f oconbi naniiagﬁ?rr%ﬁd %&Bé@aﬁérggbﬁtx%gﬁocﬁ EHeet%}éagﬂ'l Bgfofe a1 cﬁ%%@%&%?gg} I muteQ aﬁer
admi ni st erethiatstatidosd aafi. pOgBlcgstedaLecﬁ@f atl0dcbays 2 o2 @c@upm%}ht ECl?@dSld gmkoceSTZ

di abetic rats recei ved an i . injection of vehicle alone for 1 0 days. At
the end of S&!HEIBERRIP \ﬁ%rreuﬁt?afmar—‘fﬁ 3%%hor¥ﬁi dhiubtaodsdeqost feyeld veaelsisatmplie o fstudy

pancreas t S i-h e 4 he Les ults

gi ven in f%éﬁg %ﬂﬂng%&%ﬁ%@?ﬁf@afﬂﬁéggpn%e egrgg%ngﬁp%g% d%?ioﬁﬁg Wff%b$§E a
and Gastrigluckanenest(ke Frssl, ancémpiremto cdr@rol RSUhi I 80, HHOLGIHFEN. folloRah &, p.
Control (STZ alone) 6.06+/-2.1 STZ plus TG-a + Gastrin 26.7+/-8.9 The

i nducti on ®pceficdbed-es by STZ was successful and produced a noderate but
sustai ned Sdegree of hyperglycem a. Total insnlinopaenia was not sought so
as télensure t hat the study

o EXAMPLE 7
Effects of TGF-o and Gastrin on Body Weight Gain and

Insulin 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.
200 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 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 pretreatrment for 15 days (day -15 to day O) 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-a and gastrin for 10 days after onset of diabetes and Group 5
was treated with PBS over the same time period. At the end 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-¢ +



animal s retained a functioning, but reduced ~-cell mass. As shown in Table
2, above, the pancreatic insulin content of the control streptozotocin
treated animals was |l ess than one third that of normal rats (20.6 = 6.0 ngy
insulin/ng protein, see Table 1 above) as a result of destruction of
(3-cells by the STZ. In STZ animals treated with a 10 conbi nation of TGF-a
and gastrin, the pancreatic insulin content was nore than four-fold that of
the ani mal s which received STZ al one, and statistically the sane as that of
normal rats Diabetes nellitus is a disease2¢fn which the underlying
physi ol ogi cal defect is a deficiency of [3-cells as a result either of
destructi gastof vidzevifldreelflest dueorhe] awigr igpAUNEtRIheeRSs $@sitsoodgfwei gxhaistvhon
of the potential for the P-cells to divide due to chronic stimulation from
hi gh 15 cWF@UF@UPﬁ&‘h%@éN§Bof glucose The latter eventually | eads to a
situati on when 1%4} efpec?%? L 3 C?rm [reatme%y\@n faas%%i cle@]ug(% %erf)q ébese dlcker

conprom sed to extent h&t t%ﬁs I'S"an overal

concomi t anfsdecr@aghredid he doRgub i GOPBENbnebIst hleasﬂﬂm%H&)@Sg uddie vahaue:
results denonstrate that a conbination of TG--a and gastrin can be used to
treat di abemnescanylysoingedeathndey theéd prodcts. 60 of O.fatnd eiptimelposmttversrastor &
the insulin content of the pancreas to non-diabetic |evels. EXAMPLE 6

Ef fects ofheTERUHZaMacC Gaksthe W-é1 rpereni ﬁersvrizwrthdliﬁ%m D BHED 87 ARl 3 COmtyR) -

groups (a a y t I03 of STZ.in star rats (n

0 or bup) er B pRETEIEEE Ny gt Sitsierartt by er) BY fieeEoln okesult pushhugn
conbi nati Qp b?fpgg:?%stlﬁgg C@@%ﬁud(ﬂe Qﬁlu€§§erfWérQH 1@4'110%1 cOnHERE 8o WBSse animals
determned for all rats on days O, 6, and In 28 order to establish that
t hi s/ nsuIwm:tlvwgnsr@mrtm;edesmmea‘ttrhMuhahalgrowkth@miotsesrt withethd. per f or ned. At
day 10. . i ntraperitoneal glucose tolerance tests (IPGIT) were perforned
follomnng an overnight fast. Blood sanples were obtained fromthe tai

vein, before and 30, 60 and 120 minutes after admnistration of an i-p.
glucose injection at a dose of 2 g/kg body weight. Blood glucose 5

determ nati ons were perfornmed as above. The bl ood gl ucose | evels were
simlar in both study groups at tine 0 but the TFGa and gastrin treated
rats denonstrated a 50% reduction in blood glucose values (see Fig. 5); as
conpared to control rats at 30, 60, and 120 mm following the i.p.
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gl ucose | oad. UEXAMPLE 7 Effects of TGF-a and Gastrin on Body Weight Gain
and Insulin Content in D abetes Prone Aninmals Zucker rats were obtai ned at
30 days of age approximately 10-15 days prior to devel opnment of obesity.
Besi des the di abetes prone Zucker rats (genotype fa/fa, autosomal 15
recessive nmutation for obesity and di abetes), |ean non-diabetic littermates
(genotype +/+) also were included in the study as described below The rats
were nonitored daily for devel opnment of obeS|ty and di abetes by determ ning
body wei ght and bl ood gl ucose. The onset of *Yi abetes in Zucker rats usual |y
started between days 45-50 and was confirnmed by a significant increase in

bl ood gl ucose levels, as conpared to the levels in age-matched | ean
controls. 27 The study included 5 groups of 5 rats each as described in
Table 3. Goups | and 2 (lean, non-diabetic) were treated with a TG--a and
gastrin conbi nation or PBS respectively fromday O to day 10- Goups 3, 4
and 5 included obese, early diabetic Zucker rats, genotype fa/fa. Goup 3
received a conbi nation pretreatnent for-15 days (day -15 to day 0) prior to

onset of diabetes and continuing po nsg;cpf diahetes for 10 additional
days (day O to day 10). G oup 4 was ggreaied;ﬁnLh_a conbi nati on of TG--a
and gastrin for 10 days after onset |a5ékésda§d$K?oup 5 was treated
with PBS over the sanme tinme period. A ghe—endtﬂfﬁtﬁe study, the rats were
sacrificed and the pancreas renoved. |1 biopsies were taken from
separate representative sites for protein and insulin determ nations as
descri bed above. The body wei ght gain i obese diabetic Zucker rats with
pretreatment, treatnent only or 30 w sallne (d oups 3, 4, and 5 in Table
3) di'd.not show any significant differéhces tAe groups. It is

interesting to note that even prol ongecitreat nent 6?5 days, group 3) with
TGF-a + 29 gastrin was without effectadn normal weight gain. Wthin error
limts body weight gain was identical in all the groups. The effect of TGF
a + gastrin treatment on fasting bl ood_glucose in the obese Zucker rats was

conpared to the corresponding PBS cantiZpl s. Fasting bl ood gl ucose was first
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5 significantly increased by day 15 (4.0 0.6 vs. 5.0 0.2) and this tine
poi nt was chosen as the starting tinme for the 10-day treatnent period with
TGF-a + gastrin or with PBS control. Fasting blood glucose | evels were not
significantly altered by the TG- a + gastrin treatnent or by PBS. Fasting
bl ood gl ucose values were lower in | ean, as conpared to obese animals
whet her or not they were treated with the g{owth factors or wwth PBS. so ~f
o+ cti +i ti gG_N 0~ U-~z2zj CG tl ~anUV vua a u rJd
rdm COOCt}, ;J c a O0C %q]}guoo 0 0 31 _The resu
treatnment with EeéHéﬁw%lg\lﬁaas[WPhW?[H Stk 1S P RED Yt CKSE f%‘y‘ﬁ%‘@ & Type 2
Jdiabetes showed no significant differences in blood glucose levels between the treatment and
control groups, probably reflecting the transient hypoglycemic effect following a prolonged
period (18 hrs) of fasting. The immunohistochemical studies revealed significant increases in
h) the number of single foci of insulin containing cells in the TGF-4 and gastrin treated animals.
as compared to control animals. These findings demonstrated an increase in single p-cells in
adult rat pancreas following treatment with TGF-¢ and gastrin. Interestingly, such single g-
cell foc1 are not commonly seen in adult (unstimulated) rat pancreas. These findings support a
therapeutic role for TGF-q and gastrin in Type 1 and Type 2 diabetes since treatment is

10 targeted at both p-cell neogenesis and replication.

The present invention is based in part on studies which demonstrated numerous insulin
staining cells in the TGF-y-induced metaplastic ductules. 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. Formauon of islets
(neogenesis) results from proliferation and differentiation of these protodifferentiated insulin
expressing cells. Histologically this is manifested as islets appearing to bud from the
pancreatic ducts (nesidioblastosis). In the MT-42 TGF-q transgenic mice, ductular metaplasia
was not seen in the immediate post-natal period, but only at 4 weeks of age. This indicates

2 (Y that TGF-4 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 islet mass of the TGFEF-g 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-g. Studies are reported on the transgenic Over-
expression of TGF-4 and gastrin in the pancreas which elucidate the role of pancreatic gastrin
EXPression in 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



di abet es showed no significant differences in blood glucose | evels between
Inc treatnent and control groups, probably reflecting the transient

hypogl ycem c effect following a prolonged period (18 hrs) of fasting. The
i mrunohi st ochem cal studies revealed significant increases in 5 the nunber
of single foci of insulin containing cells in the TG--a and gastrin treated
animals, as conpared to control animals. These findings denonstrated an
increase in single p-cells in adult rat paPpreas following treatnent with
TGF-a and gastrin. Interestingly, such singl'e p- cell foci are not comonly

seen in ad {(ynsti t I reas. . .The findings.su r
therapeutig}é%é%e?%Fﬁ¥ggjiggﬁag%%£??@Hﬁﬁﬁn¥§6%8§“%%8&?§%§“%1gf%‘%?ggrsince
treatnent isma&it@soehed mbviietddr prceld sineggenesinswans hephigatd on. The

present invention is based in part on studies which denonstrated nunerous
insulin staining cells in the TGF-a-induced netapl astic ductules. The | ow

| evel of exocri and endocr.ine gene expression i.n the nmetaplastic  ductal
cel I's resendl ed CRALC P BrEOaN 17 B a1 Ba Fs THaH Al e P TS Sar [T TRET
early staggiRfindL£lbal IPANCEERLIHpERYEHORMBP oreE8HIBIdsPRp®in 4t R&8mpanying figures
(neogenesis) results fron1proI|Perat|on and differentiation of these

prot odi f f efahwithinedie isnspfl Phtheedpmesssi ng cells. Histologically this is

mani fested as is|lets appearing to bud fromthe pancreatic ducts

(esi Gt obl ast 05 X&) 100F AUP RGP 455 F0H8 AR mhispie BORPe &7 "idr UF drc Ry a
was not seefy.icd e Ediate post-natal period, but only at 4 weeks of age.
This indicates that TG- over-expression induced insulin expression in duct
epithelia rather than prolonging the persistence of islet precursors found
in fetal pancreatic ducts. Although the netaplastic ductules contained
nunmerous insulin positive cells, the islet mass of the TG--a transgenic

m ce was not increased over controls. The studies reported above denonstrate
that conplete islet cell neogenesis is reactivated in vivo in manmmals in
the ductular epitheliumof the adult pancreas by stinmulation with a
gastrin/ CCK receptor |igand, such as gastrin, and/or an EGF receptor

| i gand, such as TGF-a. Studies are reported on the transgenic over-
expression of TGF-a and gastrin in the pancreas which el ucidate the role of
pancreatic gastrin expression in islet devel opnment and indicate that TG a
and gastrin each play a role in regulating islet devel opnent. Thus,
regenerative differentiation of residual pluripotent 30 pancreatic ductal
cells into mature insulin secreting cells is a viable nethod for the
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of diabetes tnellitus, by therapeutic adm nistration of this conbination of
factors or conpositions which provide for their in situ expression within

t he pancreas. The present invention is not limted by the specific

enbodi nents described herein. Modifications that beconme apparent fromthe

f oregoi ng description and acconpanyi ng %gggres fall within the scope of the
clains. Various publications are cited t he di scl osures of which are
incorporated by reference in their entjrety. Clains 1. A kit when used in
a method for treating diabetes in an ind®fYual in need thereof, said nethod
conprising adm nistering to said individual a pharnmaceutical conposition
‘conS| sting essentially of a gastrin/CCK receptor ligand in an effective
‘am)unt to increase pancreatic insulin content in the individual, said kit
‘consi sting. essenkitatlion weddn gasethpd fotredling didtet@doandndiyidvel o néath therab sailn
't he anmpunt of trin is capabl.e.aof increasi. a eat c insulin nore than
two fold corrpa%?e%h Cam@élrsrff)gePd@ﬁnlﬁtﬁla%ﬁanﬁal& IBWS’ ‘PU:? TR a‘i?imtceﬁté%r?ﬂn%’s?@n
‘C| ai m 1 wher ei RoAiRin@fds@GHtiang ﬁ@%ﬂ&}mﬂﬁﬂg%%e’ptd? ll\gaﬁél 1rgé.ﬂ/@ff@ct1@9§ﬁﬁ%nt troa}ﬂcggas@f
'about 20 to 500 m crograns per ogram body wei ght in the individual .
The kit accor dipagereasiccingilim tont2niom thevm@rveiual tshigl lgasbmsmmgseslsw;mﬂiylquaeghstrﬁm
The kit according to claiml1, 2, 3, or 4 wherein the gastrin is a gastrin
34, gastrin 17 or gastrin S. 6. The kit according to claiml, 2, 3, or 4
wherein the gas%éln is an active gastrin, anal og 7. The kit accordlng

‘any one of- cl ailfg kit E“‘c?osdl\‘ibﬁépeqlﬁmhésWB?fﬁtneHle\Aﬁflefttrﬂif gastrin & ganable efamcrf«wag
form prescribe agenc

of the manuf adtirec BYRLTIEH B RATRRN chbaR b ARaARRTPUR pIR: LB, 20CTCY
‘adm nistration. 8. The kit according to any one of clains 1 to 7 wherein the
diabetes is type 2 diabetes. Treatnment for D abetes Abstract A kit for

‘treating gi aberps kitelctbidutss toclainpatignéinithe BEEdivieRiRRE ofkestih OMildeeh a Tbgge
kit conprising one or nore containers filled with one or_ nore ingredient

for a range of about 20 to 500 micrograms per kilogram body weight in the individual.
4, The kit according to claim 1, 2 or 3 wherein the gastrin is lyophilized.
5. The kit according to claim 1, 2, 3, or 4 wherein the gastrin is a gastrin 34, gastrin 17 or
gastrin 8.
6. The kit according to claim 1, 2, 3, or 4 wherein the gastrin is an active gastrin analog.
7. The kit according to any one of claims 1 to 6 wherein associated with the kit is a notice in

a form prescribed by a governmental agency reflecting approval by the agency of the

manufacture, use or sale of the composition for human administration.

8. The kit according to any one of claims 1 to 7 wherein the diabetes is type 2 diabetes.



phar maceutical conposition conpri Si ng a gastrin receptor |igand. NO SU TABLE
Fl GURE :
3y

Treatment for Diabetes
Abstract
A kit for treating diabetes mellitus in a patient in need thereof are provided. The kit
comprising one or more containers filled with one or more ingredient for a

pharmaceutical composition comprising a gastrin receptor ligand.

NO SUITABLE FIGURE



