| TREATMENT FOR DI ABETES | NTRODUCTION 5 Field of Invention This invention
relates to a nethod for treating diabetes nellitus in an individual in
need thereof by adm nistering to the individual a conposition conprising a
gastrin/ CCK 10 receptor ligand and/or an EGF receptor |igand which
effectively pronotes differentiation of pancreatic islet precursor cells
to mature insulin-secreting cells. The nethod is exenplified by

adm ni stration of gastrin and transforning grow h factor al pha (TG a)
either alone or in conbination to normal streptozotocin (STZ) induced

di abetic and genetically pr ediﬁwg lIapétﬂ g_ﬁg@ﬁs rats. 15 Background

Di abetes is one of the nost connon endocrine di'seases across all age groups
and 20 populations. In addition to the clinical norbidity and nortality,

t he econom c cost of diabetes is huge, exceedi ng $90 billion per year in
the US al one, and the preval ence ofl expected to increase nore

than two-fold by the year 2010. There are two major fornms of diabetes

mel litus:_.insyljn-dependent (Type 1) diabetes nellitus (1 DDM which
accountsﬁ‘ﬂa#ljﬂﬁeﬁ’ﬁ&} of all cases, and non-insulin-dependent (Type 25 2)
di abetes nmellitus (NIDDM which conprises roughly 90% of cases. Type 2

di abetes is associated with increasing age however there is a trend of
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combination to normal streptozotocin (STZ) induced diabetic and geneticaily predisposed

diabetic Zucker rats.

Background

Diabetes is one of the most common endocrine diseases across all age groups and
20 populations. In addition to the clinical morbidity and mortality, the economic cost of diabetes
is huge, exceeding $90 billion per year in the US alone, and the prevalence of diabetes is
expected to increase more than two-fold by the year 2010,
There are two major forms of diabetes mellitus: insulin-dependent (Type 1) diabetes
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
associated with increasing age however there is a trend of increasing numbers of young people
diagnosed with NIDDM, so-called maturity onset diabetes of the young (MODY). In both
Type 1 and Type 2 cases, there is a loss of insulin secretion, either through destruction of the
p-cells in the pancreas or defective secretion or production qf insulin. In NIDDM, patients
30 typically begin therapy by following a regimen of an optimal diet, weight reduction and

exercise. Drug therapy is initiated when these measures no longer provide adequate



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

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

di abetes are difficult to control. Over 50% of all drug-treated 5 diabetics
denonstrate poor glycemc control within six years, irrespective of the
drug admnistered. Insulin therapy is regarded by many as the | ast resort
in the treatment of Type 2 diabetes, and there is patient resistance to
the use of insulin. Pancreatic islets devel op fromendodermal stemcells
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pancr eagrotodifferentiated cells. These protodifferentiated cells comprise a population of committed
islet precursor cells which express only low levels of istet 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 differentiation
characterized by cytodifferentiation of islet cells and a several hundred fold increase in islet
specific gene expression. Histologically, islet formation (neogenesis) becomes apparent as
proliferating islets bud from the pancreatic ducts (nesidioblastosis). Just before birth the rate
of islet growth slows, and islet neogenesis and nesidioblastosis becomes much less apparent.
'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 potentia) or proliferative capacity as the

developing pancreas.



3 Since differentiation of protodifferentiated precursors occurs during

| ate fetal developnent 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 hornone regulating acid secretion, the major site of gastrin
expression in the fetus is the pancreatig¢ islets. Brand and Fuller, J.
Bi ol Chem, 263:5341-5347 (1988). Expression of gastrin in the pancreatic
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e
expr essi angreane rgéﬁg‘&el??é egn QB?%%ed 1n a case of infantile nesidioblastosis. Hollande, er

ES al., Gastroenterology, 71:251-262 (1976). However, in neither observation was a causal
relationship established between the nesidioblastosis and gastrin stimulation.
It is therefore of interest to identify agents that stimulate islet cell regeneration which

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

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

reference is prior art to the present invention.

A A E
Three growth factors are implicated in the development of the fetal pancreas, gastrin,
25 transforming growth factor o (TGF-g) 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 er al, (1993) J Clin Invest 92:1349-1356).
Bouwens and Pipeleers (1998) Diaberoligia 41:629-633 report that there is a high proportion

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



significantly increased islet cell mass (Wang et al, (1993) J din Invest
92:1349-1356). Bouwens and Pipeleers (1998) D abetoligia 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 p-cells were found as 4 single units. Single
p-cell foci are not commonly seen in adult (unstinulated) rat pancreas;
Wang et at ((1995) Di abetol ogi a 38: 1405-1411) report a frequency of
approximately 1 % of total R-cell nunber. Insulin independence in a Type |
di abetic patient after encapsul ated islet 5 transplantation is described in
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SUMMARY OF THE INVENTION
The invention provides methods for treating diabetes mellitus in a patient in need

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

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

' the pauent’s pancreatic islet precursor cells to mature insulin-secreting cells. The composition
can be adminustered systemically or expressed in siru 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



precursor cells. A so provided are nethods and conpositions for treating

di abetes in a patient in need thereof by inplanting into a diabetic
patient pancreatic islet cells that have been exposed in culture to a
sufficient anount of a gastrinl CCK receptor |igand and an EGF 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 tshe popul ation of p-cells prior to
transpl antation. The nethods and conpositions find use in treating patients
with di t E: | '
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that at 17 weeks the pancreas of _the |INSGASI TG--a mi ce had | ower duct
the study reported by Example 3. Thc INSGAS/TGF- pancreas 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 is an image of the
pancreatic histology of a control mouse from Example 3. Figure 3C is an image of the
pancreatic histology of a TGF-y mouse from Example 3. This field of a TGF-g mouse

20 pancreas from the study reported in Example 3 was typical and showed the interstitial
cellularity and fibrosis combined with florid ductular metaplasia that has been described by
Jhappan, et al, supra.

Figure 4A is a histogram graphically illustrating point=counting morphometric data

which confirmed that at 17 weeks the pancreas of the INSGAS/TGF-g mice had lower duct

25 mass than the pancreas of the TGF-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-4 in the INSGAS/TGF-q pancreas sigmficantly
increased the islet mass compared to the islet mass of the corresponding non-transgenic
control mice. Further, TGF-o expression alone does not increase islet mass. These data are

30 based on the studies illustrated in Example 3.



25 mass than the pancreas of the TG--a m ce based on the study reported in
Exanple 3. Figure 4B is a histogramwhich graphically illustrates

poi nt =count i ng nor phonetric data which show that co-expression of gastrin
and TGF-a in the I NSGASI TG--a pancreas significantly increased the islet
mass conpared to the islet nmass of the correspondi ng non-transgenic

control mce. Further, TGF-a expression al one does not increase islet nass.
These data are 30 based on the studiesg illustrated in Exanple 3. 6 Figure
5 shows the effects of TGF-a and gastrin on glucose tolerance in
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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 p-ccll 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 p-cell neogenesis.

D P I
The invention provides methods for treating diabetes mellitus in a patient in need
thereof by administering a composition providing a gastrin/CCK receptor ligand such as
gastrin, an EGF receptor ligand, such as TGF-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 transformed either in ex



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The invention provides

met hods for treating diabetes nellitus in a patient in need thereof by

adm ni stering a conposition providing a gastrin/CCK receptor |igand such as
gastrin, an EGF receptor |igand, such as TGF-a, or a conbination of both in
an amount sufficient to effect differentiation of pancreatic islet
precursor cells to mature insulin-secreting cells. Wien the conposition is
adm ni stered systemically, generally it i provided by injection,
preferably intravenously, in a physiologically acceptable carrier. Wen the
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ligand and/cr an EGF receptor ligand to increase the number of pancreatic B cells in the islets
15 prior to implantation into the diabetic patient. As required, the population of pancreatic p cells

is expanded in culture prior to implantation by contacting them with the same receptor ligand(s).

The subject invention offers advantages over existing treatment regimens for diabetic

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

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

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

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

microvascular complications. Use of the various current treatment regimens cannot
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contenpl ated are active anal ogs, fragnents and other 10 nodifications of
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gastric tl@@l.!le@ a8 1R bifle FUNVIGON NQARrelKVRIABI, neogenesis of insulin-producing
pancreatic islet cells is induced. Exampies 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
20 fragments and active analogs thereof, including 1-48, 1-47 and other EGF receptor ligands
such as amphiregulin and pox virus growth factor as well as other EGF receptor ligands that
demonstrate the same synergistic activity with gastrin/CCK receptor ligands. These include
active analogs, fragments and modifications of the above. For further background, see
Carpenter and Wahi, Chapter 4 in Pepiide Growth Factors (Eds. Sporn and Roberts), Springer
25 Verlag, (1990).
A principal aspect of the invention is a method for treating diabetes mellitus in an
individual in need thereof by administering to the individual a composition including a
gastrin/CCK receptor ligand and/or an EGF receptor ligand in an amount sufficient to effect
differentiation of pancreatic islet precursor cells to matre insulin-secreting cells. The cells so
10 differentiated are residual latent islet precursor cells in the pancreatic duct. One embodiment

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




I nhi bitor which increases CCK stinulation. As used herein, the term"EG-
receptor |igand"” enconpasses conpounds that 15 stinmulate the EGF receptor
such that when gastrini CCK receptors in the same or adjacent tissues or in
t he sanme individual also are stimnulated, neogenesis of insulin-producing
pancreatic islet cells is induced. Exanples of such EGF receptor |igands

I ncl ude EGF1-53, and fragnents and active anal ogs thereof, including
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I sl et precursor ce anc | ssue froma mammal to
expand the pdﬁlahaﬂlbt)ﬂmbbdpnm|shmulat1on by a gastrmeCK receptor ligand and an EGF
{5 receptor ligand is effected by coexpression of (i) a preprogastrin peptide precursor gene and
(i) 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 differentiation of
pancreatic islet precursor cells of a mammal by stimulating such cells with a combination of a
gastrin/CCK receptor ligand and an EGF receptor ligand. In a preferred embodiment of this
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-g, stimulation is effected by expression of an
EGF receptor ligand gene transgenically introduced into the mammal. In furtherance of the
above, stimulation by a gastrin and a TGF- is preferably effected by co-expression of (i) a
25 preprogastrin peptide precursor gene and (ii) an EGF receptor ligand introduced into the
mammal. Appropriate promoters capable of directing transcription of the genes include both
viral promoters and cellular promoters. Viral promoters include the immediate early
cytomegalovirus (CMV) promoter (Boshart e 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,



I n anot her enbodi nent gastrin/ CCK receptor ligand stinulation is effected
by 10 expression of a chinmeric insulin pronoter-gastrin fusion gene
construct transgenically introduced into such precursor cells. In another
enbodi nent EGF receptor ligand stinulation is effected by expression of an
EGF receptor ligand gene transgenically introduced into the mamual. The
sequence of the EG-F gene is provided in USPN 5,434,135. In another

embodi ment stinulation by a gastrin/CCK rgceptor |igand and an EGF 15
receptor ligand is effected by coexpression of (i) a preprogastrin peptide
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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 I and
20 2 and exons 2 and 3 of the human gastrin gene.
Another aspect of the invention relates to a vector including the expression cassetie
comprising the preprogastrin peptide precursor coding sequence. This vector can be a
plasmid such as pGem! or can be a phage which has a transcriptional regulatory sequence
including an insulin promoter.
25 Another aspect of this invention relates to a composition of vectors including
(1) having the nucleic acid sequence coding for a mammalian EGF receptor ligand, e.g.,
TGF-¢, under control of a strong non-tissue specific promoter, e.g., a metallothionein
promoter; and a preprogastrin peptide precursor coding sequence under control of an insulin
promoter. Each vector can be a plasmid, such as plasmid pGem1 or a phage in this aspect.
30 Alternauively, 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



sequence encodi ng the preprogastrin peptide precursor. Preferably, the
insulin transcriptional regulatory sequence includes at |east an insulin
pronoter. In a preferred enbodi nent the nucleic acid sequence coding for
the preprogastrin peptide precursor conprises a polynucleotide sequence
containing exons 2 and 3 of a human gastrin gene and optionally also 10
i ncluding introns 1 and 2. Anot her enbodi nent of the invention is an
expression cassette conprising (i) a nucligic acid sequence coding for a
mammal i an EGF receptor ligand, e.g., TG--a and a transcriptional
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pronoter. Each vector can be a plasm d, such as plasmd pGeml or a phage in
this aspect. 30 Alternatively, the expression cassette or vector also can

be i nserw%ﬁui&&&%ﬁw&mappropn ate tissue trophism
Exanpl es of viral vectors 1 nclude adenovirus, Herpes sinplex Il virus,
adeno- associ aMedey bf adminigtationiincisde bierre wbr limjtednal thhsterinkk . inSepulubrrer et

15( 996i)ntraperitoneal, intravenous, subcutaneous, intranasal, and oral routes. The compounds can
be administered by any convenient route, for example by infusion or bolus injection by
absorption through epithelial or mucocutaneous tinings (e.g., oral mucosa, rectal and intestinal
mucosa, etc.) and can be administered together with other biologically active agents.
Administration 1s preferably systemic.

20 The present invention also provides pharmaceutical compositions. Such compositions
comprise a therapeutically effective amount of a therapeutic, and a pharmaceutically
acceptable carrier or excipient. Such a carrier includes but is not limited to saiine, buftered
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, it may be desirable

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

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




Human Mol ecul ar Genetics 5 Spec. No: 1397-404: and Robbins et al (1998)
Trends in Biotechnol ogy 16: 35-40. Adenovirus-nedi ated gene therapy has
been used successfully to transiently correct the chloride transport
defect in nasal epithelia of patients with cystic 5 fibrosis. See Zabner et
a. (1993) Cell 75:207-216. Another aspect of the invention is a non-human
mammal or manmalian tissue, including cells, thereof capable of expressing
a stably integrated gene which encodes pyeprogastrin. Another enbodi ment
of this aspect is a non-human mammal capable of coexpressing (i) a
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Oral formulations can include standard carriers such as pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, etc.
In a preferred embodiment, the composition is formulated in accordance with routine
procedures such as a pharmaceutical composition adapted for intravenous adminjstration 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



bi odi stribution. For a general discussion of pharnmacokinetics, see
Rem ngtons's 12 Pharnmaceutical Sciences, supra, Chapters 37-39. A nunber of
nmet hods for altering pharnacokinetics and biodistribution are known to one

of ordinary skill in the art (See. e.g.. Langer, supra). Exanples of such
met hods i nclude protection of the agents in vesicles conposed of

subst ances such as proteins, lipids (for exanple, |iposones),
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In the gene therapy methods of the invention, transfection in vive is obtained by
introducing a therapeutic transcription or expression vector into the mammalian host, either as
naked DNA, complexed to lipid carriers, particularly cationic lipid carriers, or inserted ino a
20 viral vector, for example a recombinant adenovirus. The introduction into the mammalian
host can be by any of several routes, inciuding intravenous or intraperitoneal injection,
intratracheally, intrathecally, parenterally, intraarticularly, intranasally, intramuscularly,
topically, transdermally, application to any mucous membrane surface, corneal installation,
etc. Of particular interest is the introduction of the therapeutic 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 1o




phar maceuti cal grade water or saline. Wiere the conposition is adm nistered
by injection, an anpoule of sterile water for injection or saline can be
provi ded so that the ingredients may he mxed prior to adm nistration. 30
The therapeutics of the invention can be formul ated as neutral or salt
forms. Pharmaceutically acceptable salts include those forned with free
am no groups such as those 13 derived from hydrochl oric, phosphoric,
acetic, oxalic, tartaric acids, etc., ang,those formed wth free carboxyl
groups such as those derived from sodi um potassium amonium calcium and
ot her digy | a0 | ' L - amg
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be deci decbmalzioamdiireg veaother iipid garirs ofuch e deicagiedt waeersabng phasphal®buffered

patient's ci Wﬁt ances. Howev sui t abl e dosage rangges for intravenous
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adm ni stration are gene out 0.01 pg/ kg body weig

wei ght . iEflietrmnatdosagk ss baffetse stebificapobatceitsf eom Tese comppemsehaver fvesd
derived fromin vitro or anjnml nodel test systeps. Suppositories _
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Ofoal 1 OHTMEA drOfin g iRhRT R Mie GOMAWhuld ¥aisR a3pP0sAfbA Y thel MR RThouluhd he
gene therapy nethods of the invention, transféction in vivo's obtalned by
i nt r oduaivngled, trcbrdapehighcatty aredairigmgents, and eheplilessi on vector into the

mammal i an hosi, either naked DNA, conplexed to lipid carriers,

a1 cutar 'y Eif TN qf ARerab 08 s Wk BB RhePau SEeRB (3 Piovidselor or

for exanid@peudcae PaMaptesAIR MOY ikidst s, 1A HePEHERLL Vel BE Oxprb&idtRiMAl i an

host can be by any of several routeées, 1ncludingntravenous or

i nt r apesiffgnesiamaing of expressiomior decreash bidodyglugase ntewards abrmal lpeglenteadditipn,

| lr}t raar tlfllg Hcl)s%r(l)fy the ingc[: e s lv!:é(br Lsréh gt %lélu 1c|it¥rit 10 produce a desired level of
transgene expression in the affected tissues in vivo. Other DNA sequences, such as
adenovirus VA genes can be included in the administration medium and be co-transfected with
the gene of interest. The presence of genes coding for the adenovirus VA gene product may
significantly enhance the translation of mRNA transcribed from the expression cassette if this

20 is desired. |

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

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




topically, transdermally, application to any nucous nenbrane surface,
corneal installation, etc. O 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 adm nistration and

I ntrathecal adm nistration are of particular interest since the vector may
be widely dissemnated follow ng such routes of adm nistration, and
aerosol administration finds use wth iproduction into a body orifice or
cavity. Particular cells and tissues can be targeted, depending upon the
route of f .
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can be included jn the adm njstration madl um and be co-transfected with

the genevdi 2§ wefigient amquniplapiceld PYifgrates IRAEINECTRPOSID GCMHBNEAUS VA
gene produgcin/eBx receptor ligand and EGF receptor ligand, to allow for formation of insulin

secreting pancreatic f cells. According to the invention, following stimulation the insulin
secreting pancreatic g 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 p-cell

20 proliferation inducing composition.

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

25 encapsulated cells while protecting the cells from immune attack. The number of cells to be
transpianted 1s estimated to be between 10,000 and 20,000 insulin producing B cells per kg of
the patient. Repeated transplants may be required as necessary to maintain an effective
therapeutic number of insulin secreting cells. The transplant recipient can also, according to
the invention, be provided with a sufficient amount ot a gastrin/CCK receptor ligand and an

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




significantly enhance the translation of nRNA transcribed fromthe
expression cassette if this 20 is desired. A nunber of factors can affect
t he amount of expression in transfected tissue and thus can be used to
nodify the level of expression to fit a particular purpose. Where a high

| evel of expression is desired, all factors can be optim zed, where |ess
expression is desired, one or nore paraneters can be altered so that the
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c@l 1S aRontainers 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 pharmnaceuticals or biological products,
which notice reflects approval by the agency of manufacrture, use or sale for human

25 administration.

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

limitation.

30 Materials and Methods



15 well as a sufficient amount of a p-cell proliferation inducing
conposition containing a gastrin]CCK receptor |igand and EG- recept or
ligand, to allow for formation of insulin secreting pancreatic p cells.
According to the invention, followi ng stinmulation the insulin secreting
pancreatic p cells can be directly expanded in culture prior to being
transplanted into a patient in need thereof, or can be transpl anted
directly following treatnment with p-cell 20 proliferation inducing
conposition. Methods of transplantation include transplanting insulin

secreting pangheal)svibs ' [ tjent in nee ereof in
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menbrane prior to transplantation. Such nmenbranes permt insulin secretion
fromthe 25 encapsul ated cells while protecting the cells fromimmune
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the underlying effect is effective in changing the course of disease, can
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efficac es a lon as_a surroqgate.endpoint for th clinical,
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efifi cacyfdfl ddys. t r eat nent regi nen. The subject conpositions can be provided
as kits for use in one or nore procedures.

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

pGem]l (Promega Corp., Madison, WI). A 4.4 kb BamH1-EcoR1 fragment containing 1.5 kb

20 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
pGeml (Promega). The fragment is described in Wiborg, O., Proc. Nati. 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

25 Xbal-EcoR]1 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 (SmM
30 NaCl; 01. MM EDTA; 5mM Tris-HC1 pH 7.4). Fertilized oocytes from FVB inbred mice



Kits for genetic therapy usually will include the therapeutic DNA construct
either as naked DNA with or wi thout mtochondrial targeting sequence

pepti des, as a reconbinant viral vector or conplexed to lipid carriers.
Additionally, lipid carriers can be provided in separate 15 containers for
conplexing wwth the provided DNA. The kits include a conposition

conprising an effective agent either as concentrates (including |yophilized
conpositions), which can be diluted furtger prior to use or they can be
provi ded at the concentration of use, where the vials may include one or
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whi ch ndp§ieemosigre aecordHigrig\papcagyrestia Hapganey abf Trampémic fourkler H5& REresal e

for hu ) AhBA hati.on. . fol l.owing ex | es are offered by way of
i 11 ust %'ﬁ%’%ﬁ? %(II)\tSA Q@ét&g{/h%&guﬁwgF%Mf‘o‘g‘?‘a%E@Ié@urz)amev&eazﬁés,rﬁnﬂw The
fol | owi mgnraat gasirat sxem prediapaledes g 93 T '- epphL; fehe
wor ki ng __exanpl es set forth bel ow except as l(j)): Eﬁ}d\?ﬁﬁg%lnﬁ%dﬁgﬁ?ﬂaﬁ%heﬁ ce,

FVB and SBHNgs TR simpidardy adsntifiedd from Taconic Farms, Inc., Germantown, 5
e. MI-42 ysed, which exp . resses high | evels of

NY. The TGZ-gHt ransqq)enim% Ingn ]

TGF-ct from a WEPAIFAEHYISHE Rigsrontinipe theMdeTHH-pdtnsgengispiest from alCD-1
Gl |, 6¥idutd bk kABGIRT0) B el ngaksquere all oved
normal chow ad | igi um Wi ?%’H??Jggé %ré’gyee?s‘g{‘%ﬁ&g{%ﬁé‘ﬁ%ms@é L1 i'tifti zed for
one weeReaRing theoffspringwersnpletedeacividified\0mb 01y appePasRY described in order

strepto i e of. 80 ny/ kg body wei ght was adm ni stered by LV.
five to%és);en\%'ﬁgc&g%/[sn%i;’g%quf’%?nipﬁ?fﬂng‘?f %rli‘aﬂ?a"di"é‘[fét)-es, the rats were randomy
all ocated into groups for subsequent

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 radigimmunassay of Gastrin. Tissues were extracted and assayed for gastrin

i immunoreactivity by radicimmunoassay 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. 30:36]1-368 {1972). Tyrosine

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

5 was used as a standard.

e R immu fTGF-o: Tissues were frozen in liquid nitrogen, ground to a

powder with mortar and pestie, and subjected to acid-ethanol extraction as described in
Todaro, G.J. er al, Proc. Natl. Acad. Sci. (USA), 77:5258-5262 (1980). Extracts were

j) reconstituted with water, and protein concentrations determined with a Coomassie biue dye



treatment. Hornones, TGF-(x and rat gastrin were reconstituted in sterile
normal saline containing 0. 1 % BSA. According to the predeterm ned
treatment schedule for different studies, each animal received a single,
daily T.p. injection of either TG--ct or gastrin alone (4.0 gg/kg body
weight) or as al: | (ww conbination (total 8.0 g/kg) or PBS for a period
15 of 10 days. | NSGAS--Tnmmsgene Construct. A Pvull-Rsal fragnent

enconpassi ng nucl eotides -370 to +38 of ;§he rat insulin | gene (Cordell,
B.G et ngm Cel |W§138:533- 543 (1979)) was ligated into pGem (Promega

Corp. , igp Agsay\(Bio-Radl LabaatBasHieRamR, (F4)29 [ .0 Kb 20
introns.1 and 2 and_exons 2 and 3 of the hl]qngnﬁg s?tg?{r%}rg{eﬂr%e&\%ﬁ]eg% EHEIGuEd
the prept 9844S 1 2 Jéiftndadipimauneasayashich aleatedd 20mpstiRs] anaddewrst ream

of the ] Lh.1 fra nt ir Gem (Pronega). The fragment is
descri béﬁ*ﬁlfﬁé‘fﬁf %a%‘?‘éf} p ‘?SFgrgE‘HE: ?HM.faﬁE%agalsﬁitge Osarmim®s of 08 7TFGB6Q (il B34)
and |t oBidlopeeSeatlePMog). Natl. Acada. Sci. (USA), 81:4662-4666 (1984). The

insulin pronote r-preproga stri n I NSGAS transgene construct was excised as
a’4.8 kb 25 Xbal -EcoRl fragnment. Qseration and Characterization of

Tr ansgem@%ﬁﬁ%ghg ({Ord\?élrlrgnt, mgjde as described above was prepared for
M croi nj ect o O PSR UCTSE W cleLinadRythsy atigfap vesaighefasehg ot BVEIRGET s,
puri fi eby lpudGsChxigaedmeiodpuri fi cati on, and di al yzed extensively agai nst

injection buffer (5mm 30 NaCl; 01. MM EDTA; 5nM Tris-HCL pH 7.4).
Fertilized oocytes fromFVB inbred mce 18 (Taconic Farnms, Inc., supra) at

the si n%&ﬁ%wr&%croi j ected using standard techniques. See
Hogan. B., € : | 2F MY 5360 SRd¥ nibieyaimals |vease saarifiopd maa pahcreaCol d
Spring tanded, SWall bRPEEs wokE wikkh B 0 joplanted into the
ovi ducts of CD1 (Cha??es R ver Lab%rngt ra.yéégfg}ﬁ%%.“w%%"%{%ﬁom €5

f ost er PASCHEAS and dmmrediiaie)y tsoapiftseenl i bguid miﬂrmrfoeﬁmﬁiunoﬂ'iﬁt@eﬁegﬁﬁir?, prymder

mce we i ifi bl pt techni ques using DNA isolated from
' ndi vi dog ‘dﬁglﬁ‘gaeé‘%g’ﬁ SBX%SnDy@%aP‘ B%Fé?rPa@a%ngF SATBRISH (2 HAbBierd zepedly dthwed, h 32

dCTP bydismupdainlpasoricgly ihldeidrigedan i Ehiaushdfal . simi.larl
i dent i f%%%.f Hom)zg%(;us yI\}IT- 42 i ce ggi?gdi %li]%%t%g&%ﬁqr%&ﬁ%%ﬂg]&g%@ 44 ived

from a mogenate Subjecied to acid/ethanol extraction prior to 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.
Lﬁﬂ&&ﬁpwmjnmgmmmmx Freshly excised pancreata were dissected,
J cleared of fat and lymph nodes, fixed in Bouin's fixative, and then embedded in paraffin for

} sectioning. Routine sections were stained with hematoxylin and eosin according to standard
methods. Pancreatic tissue from adult 17 week old MT-TGF-o (MT-42) transgenic mice were
immunostained for insulin to examine the effect of TGF-q over-expression on islet
development. Insulin positive cells in TGF-g-induced metaplastic ductules were identified
using immmunoperoxidase staining guinea pig anti-human insulin sera (Linco, Eureka, MQ); a
pre-immune guinea pig serum was used as a contro). Immunohistochemistry was performed
on 5, paraffin sections by the peroxidase/antiperoxidase method of Sternberger using a

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



10 nouse strain (Jhappan, supra) were crossed with heterozygotic | NSGAS
mce. After weaning, the offspring were placed on acidified 50nM ZnCl, as
previously described in order to induce the netall othionein pronoter
(Jhappan, supra). Northern Blot i . For Northern analysis, total RNA was
extracted from 15 tissues by the nmethod of Cathala et al, DNA 2:329-335
(1983). Sanples of 20g of total RNA were resolved on a | % agarose
denaturing gel and transferred to nitrocejulose. RNA blots were
hybridi zed with 32P | abel |l ed TGF-a ri boprobes or exon 2 of human gastrin
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oxi dase nethod. Tissue Insulin Analysis, At the end of each study, the
animals were sacrificed and pancreas O renoved. Small biopsies were taken

from sep8m@tecdl MNRBSeN! Biffatends REvdeAr AR Gre (Bfpared for significant differences

using the Student's ¢ test for unpaired data.

EXAMPLE |
F i ion inT r ni

Immunoperoxidase staining showed numerous insulin staining cells in the metaplastic
ducts from the TGF-¢ transgenic pancreas (Figure 1A), whereas insulin staining cells were
20 virtually absent from the non-transgenic ducts (less than 6.1%). When at least 600 ductular
cells/animal were scored at a final magnification of 400x, insulin positive cells were seen at a
frequency of 6.0 +/- 0.9% (n = 5) in the metaplastic ductules of TGF-g transgenic mice.
Occasional ductular cells stained with the same intensity of insulin staining as the adjacent
1slets, but most had less intense staining (Figure 1B). The low level of insulin staining of the
25 ductular cells resembles that of protodifferentiated cells reported in the ducts of the developing
pancreas. Pictet, R. and W.J. Rutter, Development of the embryonic endocrine pancreas, in
Endocrinology, Handbook of Physiology, ed. R.O. Greep and E.B. Astwood (1972) American
Physiological Society: Washington, D.C. 25-66; and Alpert, S. er al Cell, 53:295-308 (1988).
However, despite the increased number of insulin positive cells in the metaplastic

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



pancreas and i mredi ately snap-frozen in liquid nitrogen for

i mmunohi st ochem stry, protein, and insulin determ nations. Snap-frozen
pancreatic sanples (n = 5) were rapidly thawed, disrupted ultrasonically
in deionized water and aliquots taken for protein determ nation and the
honbgenat e subjected to acidl ethanol extraction prior to insulin

determ nation by RIA. 5 The pancreata were renoved, weighed, simlarly
oriented in cassettes, fixed in Bouin'szsolution and enbedded in paraffin
by conventional procedures. Tissue Preparation ch t . Freshly excised
pancr eatgaanwiaedbySgend @tinting mapRshdfic das 2nd Y P (194 @Sear L¥ede | p Bayin' s
fixative, and then enbedded in paraffin for sectioning. Routine sections
wer e st &G nixtiranbganag pagréan camgasdsor . 9% ooy ¢i/n@.46anst andandranseétiodiser
Pancr eat i geti ssue fromadult 17 week old MI-TG--a (Mr-42) transgenic m ce
were i MAIRostained for insulin to examine the effect of TGF-a

over - expr essi ofrars| _ ] i jtive I[ls in

TG a-i nduce(;lqﬁllgi gg’i%?’it"?;r %ﬁiétgglﬁ es gv'téer glcﬁr‘g)gﬁhﬁ?tﬁg%{mhosrﬁ %@tﬁF%nunoper oxi dase
stsai ni ngrooditesempiagedadiici ctlisnmro fullyulifferenda@d (dlewc ThiEmlied, thi(Rler 2 .
pre-inmune guinea pig serumwas used as a control. Invnunohi stochem stry
was per fdfsrertiation msapisesatherfaglors aksant figmtthe agelt puiciease A6 Fpemronsgtage

met hod qf. St - IS| clonal ,rabbit antigastrin.antibady. See,
St e nberes SRR HifEentRldb o BANRGANRG 177 Brbeudhis BSin iy Ly 9. 176
20 Poi nide@oprhémg fAdusme RegmitieChis FARitR WbildaikeB) BB REssk8 S isters BUEhHE thie"
interstitial cells was quantitated using the point-counting nmethod

descri b@&P%h emeng theagrors expressed, asthe ge velaping 3siets BBSthe 196BYinteAtinal peptides,
ngoni i gat i.op,@f 400x, starting at a random point at one corner of the
section, every other field was scored using a 25 point ocular grid. An

unbi ased but systematic 5 selection of fields was acconplished using the
mar ki ngs of the stage mi croneter. Intercepts over blood vessels, fat,
ducts, |ynmph nodes, or interlobul ar m&&e subtracted to give the

total pancreatic arMMW a~hQ8rf.i el d
(systematical |y chosen Galmgathe e m Cr o" AT Dtit ed i n each
bl ock, with tlleeexaeling iheepassibletroleobiugmirireimggtiding ngledaiffe@htibidg neapEeniover

i §I et tissue divide R'Y t he nunB_er over pancreatic tissue. The i
l mice were created that express a chumeric msulin promoter-gastrin (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 in the adult
pancreas.

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

15 (1984). A 4.8 kb INSGAS fragment was isolated and microinjected into inbred FVB, one cell
mouse embryos. Hogan, B. er al, Manipulating the mouse embroy: A laboratory manual,
(1986) NY:Cold Spring Harbor.

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

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



10 absolute islet mass or islets was calculated as the relative islet

vol unme tinmes pancreatic weight. See, Lee, H C, er al, Endocrinol ogy,

124: 1571- 1575 (1989). Statistical Analysis. Differences between neans were
conpared for significant differences wusing the Student's t test for

unpai red data. 15 EXAMPLE 1 Asaay F T r n | munoper oxi dase stai ning showed
nunmerous insulin staining cells in the netaplastic ducts fromthe TG--a
transgeni ¢ pancreas (Figure 1A), vvhereaszzi nsulin staining cells were 20
virtual ly absent fromthe non-transgeni ¢ ducts (less than 6.1 %9. Wen at

| east 6 uGt pl.ar I ni ed _a fi . £l ' of
s00x, | RRUfT R G 4 Sl SIS (20 Bl Tot WL BRRE g BREL E00) )
5) in thkemimkaplgagtinc ductul es of TGF-a transgenic nmice. Cccasional
ductular cells stained with the sane intensit insulin staining as the

f
adj acent i sBeiasellsgecifp gastRacepeassionfraRghe é%&&:ﬁ%gareﬂspgwes eByerverhpasedw
l evel of_insulin. .staini . Lar. cell les that of
or ot oa 71 SN Sp B8 8 Plertant WFafs i h BafliniBobde b B ng

pgncreas. Pi NogthernRolonst RN A. isfdicidefromeffetepp figsiies @f 8t he:kedTB NGB AS
endocrine pancreas, in_ Endocrinol ogy, Handbook of Ph)ési ology, ed. RO
Greep aliaNSEEBC MASE W hyhrodized withrd ByRan PASIENGIXEFi RIS dligh Jevelrsefhgasgiton,

D. C. 25,86 AN ARSIy 58 B8 palfBhe ANGLE A9hA Ao, PIRYRGe oSPI te

the increa er of Tnsulin®positive ce e netapla 30
ducts, jpeeificsfoethenmagamwpastiie gdbd; - bytaidgaivnCisseer in@grad RN A € INESed ankhe

I sl et mass as 21 qgantjtated b _%oint counting norphonetrics was 2. 14 ny
+| - 0. saoT-Hamgenic F ¥R mige express Righlpyelyef murineagasian mRANRrUgEIBERA T o
.93 ng_*/ - = t j Lt G- a

er - oxpirsteis Hiuplls Tl INSBAS ER Rl inlce Blued T Rye W BasclF

pr ot odi frfuatedrei@iveg Wcdxceal the davirin fatdiyk idithd gagrit aatend ekslesded . frarhitlse
inplies that islet differentiation requires other factors absent fromthe
adul t péifoser_usgpurrag-genc (Fagirg k) c Negagringmypuncfpaqtivity fyas slefesieddn pancreatic

protodi Lf, eI enbf AinSahspbfit BhEEIISY FiQGeWs. dhd BSdiAt&ibfidinoassay is specific

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

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

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

growth.

25 EXAMPLE 3
- F- ancreas
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
smudied in TGF-q transgenic mice which have metaplastic ducts that contain insulin expressing

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



devel opnment, factors regulating this transition would |ikely be expressed
inislets during this period. Arong the factors expressed in the

devel oping islets are the gastrointestinal peptides, to the gastrins.
EXAMELF Pancreatic in Expression thA Transgene To exam ne the possible
role of gastrin in regulating islet differentiation, transgenic 15 mce
were created that express a chineric insulin pronoter-gastrin (INSGAS)
transgene in which the insulin promoter,directs pancreas specific
expression of the gastrin transgene (Flgure 2A). Unlike the gastrin gene,
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gastrin. Beta cell specific gastrin expression fromthe I NSGAS transgene
was obserueid déesmdt/-03D) nmlnno"&&iﬁwnamthIdﬁBGaﬁﬁE@Eai mgcet, irepgesvalyt h a gastrin

| onal t t f RNA isol ated f di f f
(ssues of 8 hiEBRTEoerRB S R Peer TR s pf BRACsisAER e effan
gastrinexpR of MicPRRdicd @G INEAS T F 2% "HVB/CD1 controls; and C: TGF-¢) were

made. The INSGAS/TGF- pancreas had some areas of increased ductular complexes and

slightly increased interstitial cellularity; the field shown (Figure 3A) had the most severely

15 abnormal morphology seen in the five animals; most of the pancreas was indistinguishable
from controls (Figure 3B). In contrast, the field of TGF- pancreas (Figure 3C) was typical
and showed the interstitial cellularity and fibrosis combined with florid ductular metaplasia
described by Jhappan er al, supra.

Pancreatic gastrin synergistically interacts with TGF-¢ to increase islet mass and

20 inhibit the ductular metaplasia induced by TGF-¢ over-expression. Mating the homozygous
MT-TGF-q (MT-42) mice (TGF-g) with heterozygotic INSGAS mice gave offspring that
were either heterozygotic TGF-q single transgenic or double transgenic containing both
INSGAS and TGF-4 transgenes (INSGAS/TGF-5). Since INSGAS were FVB strain and
TGF- were CD1 strain, TGF-o homozygotes and CD1 controls (CON) were both mated

25 with FVB to produce FVB/CD1 strain background for all three groups of mice. Mice were
treated with 50mM ZnC1, from 3 weeks until sacrifice at age 17 weeks. The pancreas was
removed, weighed, similarly oriented in cassettes, fixed in Bouin's solution and embedded in
paraffin. One random section from each animal was used to quantitate the relative volumes of
ductules and islets by point-counting morphometrics (Weibel, E.R., Lab Investig., 12:131-155

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



transgene nRNA were seen in the pancreas but not in any other tissues. This
probe is specific for the human gastrin gene; no hybridization is seen in
antral RNA of INSGAS and non-transgenic FVB m ce express high | evel s of
murine gastrin nRNA. Radi oi mmunoassay of i 0 pancreatic extracts from | NSGAS
transgenic mce showed high |l evels of gastrin immunoreactivity that exceed
the gastrin content in the gastric atrium expressed fromthe endogenous
murine gene (Figure 2B). No gastrin irnnyporeactivity was detected in
pancreatic extracts of non-transgenic control mce (Figure 2B). The

gastrin oL mn kSari il f.or..carboxy am.dated precursors,.
ol cat MR RO BRESRe ke REl Cobere Bl B o i ' SO Rasel

post - t r anslcatduémed by rhutiplyengiheaelbiive vorpid At hk ARMAAN Sdeeharvwlsyg Wih a
gastrin nonocl onal antibody shows pancreatic beta islet cell specific
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I nvestig. 12:131-155 (1963)) was identical in 5-6 week old I NSGAS m ce
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popul at ko Bt GﬁJhESFGﬁfaeﬁxﬁieti?guréfst?.Ct s of gastrin stinulation were
studied in TG--a transgenic mce which have netaplastic ducts that contain

ilsul i n expr é38i ngs 30nfmhddsby g tnpgpape fla0ididut @18 Mhisatigdhe TGF-o and
islet-precursors. To assess the interaction between gastrin 23 and TG--a,
three gHIep&STGh-adragseaus e agd: the SHUBAD kaontFBbEDDinstqoanting ereepliametrics

backgr opnds: -transgeni c ntrol. TCGE-a singl ic and
oS Hatte AT e RN hnd T T SIS GASAREE et b on
50MM Zn&ibnifadandy Weeéase@fth@ @t mfiss dmpared to controls (Figure 4B), whereas islet mass

was not increased by expression of the TGF- or gastrin transgenes alone. The blood glucose

15 concentration was not significantly different among the three groups of mice.
EXAMPLE 4
Effects of TGE- } ic_Insulj nt in 1

This experiment was designed to smudy the effects on pancreatic insulin content in non-
0 diabetic animals treated with TGF-g, a gastrin, or a combination of TGF-4 and a gastrin as
compared to control animals (untreated). Groups (n = 5) of normal Wistar rats were assigned

to one of the following four treatment groups.

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



weeks of age, the animals were sacrificed and the pancreas renoved for

hi st ol ogi cal 5 evaluation. The pancreas from TG--a and | NSGASI TG--a m ce
had sim | ar gross norphol ogi cal appearances: resilient, firmand conpact
in contrast to the soft diffuse control pancreas. TGF-a expression was
equivalent in TGF-a and | NSGAS/ TG--a groups when neasured by Northern bl ot
anal ysis (data not shown) and by radi oi munoassay. The pancreatic TG--a
i mrunor eactive peptide levels were 12.2 Hs 1 and 18.9 +/- 8ng/ng 10
protein (Mean +/- SD) in the TGF-a and | NSGASI TG--a mice, respectively.

Li ght m crographs of hematoxylin stained paraffin sections of pancreas from
the three groups of mce studied (A |INSGASI TGF-a; B: FVB/ CDL controls;
and C T@iol(;)()ﬂmerél‘GFmdé G?ﬁteml Nsmﬁﬁllﬂﬁ%}raofpamabe&sprhmiammm eas of

i ncreased ductul ar @rrﬁﬁ and sl |S%2t i ncr eased [ néer stitial
cellularity; the fi? ](F?g}ﬁ‘? do a'vteﬁé‘ biyfstord\iayel y 15 abnor nal
mor phol ogy seen in the five aninals; nobst of the pancreas was

i ndi stinguishable fromcontrols (Fl gure 3B). In contrast, the field of
TGF- a pakeowmbV{ Fi duonerod @pimeds racgpied ah i. pancjesiowefovehivde ilohefst iG das.
cellularity and fibrosis conbined with florid ductul ar netapl asi a
described by Jhappan et al, supra. Pancreatic gastrin synergistically
interacts wit(tidFedd bf)tﬂerhﬁfc@aﬁﬁidds(ilgtdaﬁﬁs§1!%ﬂgn39Ne@éa@f:?ncé&”ﬁ@%ﬁﬂ%?ﬁf
net apl asi a i nduced by TGF-a over-expression. Mating the honozygous

MT- TGF- ap{ndreas2pken gefollo@e: (fije biopdy spetigeaz ybdtmg) dfl‘ﬂﬁ@x‘éam Ussugawege taken

offspring that were either heterozygotic TG--a ansgeni c ar doubl e
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sol uti Onrﬂr&nﬁﬁﬁkﬁﬁﬂﬁﬁ (mee:parcaf fi1983) mabézaﬁgmss%@b) 0P ;ammn%h{mk was
used to quantitate the relative volunmes of ductul es anc? Islets

poi nt - couaibémgemopﬂeowﬂtabcdrdm(g\télphﬁl:m cbntent arldfinally\eepiesgd as Lig: xﬂﬁﬂnﬁxﬁg 30
(1963)). At |east 2000 ts qver tissue were counted as intercepts

503 poi nt pﬂ}clrﬁatlgtprg_tfgk A va ues calculated as mean +/- SEM and statistical sxgmﬁcance eva ualed

using Student’s 2-sample (-test.

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

Treatment Pancreatic Insulin Content
' (ug insulin/mg protein)

Control 20.6+/-6.0

TGF-o 30.4+/-7 4%

Gastrin 51.4+/-14.0%*

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

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

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

25 0.007) 1n the TGF-¢ + gastrin treated animais as compared to control animals; there was an



magni fication; the entire section was covered w thout overlap. The nass of
ductules or islets was calculated by nultiplying the relative vol une and
the animal's pancreatic weight. To nornalize different mean body wei ghts,
the mass was expressed as g/ g body weight. Results are nmean and standard
errors for 5-6 animals in each group as determined by Student's t test 5 (p
< 0.05). Expression of gastrin fromthe | NSGAS transgene reduced the
ductul ar netapl asia caused by TG--a over:expression. At 17 weeks, the
pancreatic histology of the |INSGAS/ TGF-a mice (Figure 3A) resenbl ed that

f th LOuL e ‘e than that of the TGF-a nj
(Fi gur e JE0ApaPRNFERORIC RS b TR Cunb I Rothe! secindied © saniep A otins

i n the THEsadatadupddMSGAGYFEicss haris 8Mitnamoh &AM L Ml hlocs BRIARL 5 OY
poi nt-counti ng norphonetrics (Figure 4A). Co-expression of gastrin an

TGF-a i AngIRese]t Flagmal st csedlaglane o Thisiigerchsecmiietty an neemisedditibe of gh et

mass co R - l.s. (FlLaur B) ., where i slet SS was not

i ncrease ﬂt?;%g eer)%f;%lr$ %ggcg%asgﬁ ?%rggef%@ﬁ}f)r(5?”9@&6?9@??8%%%@3%9 &€ ofhe Dbl ood
glsucose iddivlaacerenat i on was not significantly different anong the three
groups of mce. EXAMPLE 4 Panlnsulin Content in Normal Rats This experinent
was designed to study the effects on pancreatic insulin content in non- ?0
di abetic aninmals treated with TG a, ich, or a conbination of TG--a
and a gastrin as conpared to contr (untreated). Goups (n =05)
of normal Wstar rat Effeet ef @smbigaesh of DGENE 0 Gabiginf 3 PAWIAG S our treat nent
groups. 25 30 Goup |I: TG-a: reconbi nant_ Human -a was reconstituted in
sterile saline containing O < hih Ripbetaedinpinglsered i . p. at a dose of
0,8 pg/day f . Il .Gastri.n: synthetic Rat strin S
di’ssol ved i n %F&Q‘Hﬁé‘?’g"g&m%ﬁﬁmﬁﬁ &%Q&ﬁ%ﬂl\éﬁd” ethes g e ‘é‘ﬁ“?’hoéTé?Tq e
sal i ne andiadtrihoguld.idci¥ad8PAncrettidi@sulin content in diabetic animals (streptozotocin (STZ)

treated) to levels comparable to those in normal (non-STZ treated) animals.

Normal Wistar rats received a single iv injection of STZ at a dose of 80 mg/Kg body
weight. This dose of STZ was intended to ensure that the study animals were rendered diabetic
15 but that they retained a functioning but reduced (3-cell mass. The STZ was dissolved
immediately before administration in ice-cold 10 mM citric acid buffer. The animals were
monitored daily; persistent diabetes was indicated by glycosuria and confirmed by non-fasting
blood glucose determinations. One week after induction of diabetes, rats were randomly

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

20

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

25 Group LI: 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 Exampie 4 and the results are given in Table 2.
30




admnistered i.p_ at a dose of 0.8 lug/day for 10 days. 25 Goup Ill: TG-a
+ @Gastrin: a conbination of the above preparations was admnistered i.p.
at the dose | evels given above for 10 days. 5 Goup IV: Control aninals
received an i.p. injection of vehicle alone for 10 days. At the end of the
study period (10 days), all animals were sacrificed and sanpl es of
pancreas taken as follows: five biopsy specinens (1-2 ng) of pancreatic
ti ssue were taken from separate representative sites in each rat pancreas
and i medi ately snap frozen in liquid 10 nitrogen for analysis of insulin
content. For analysis of pancreatic ingypjh,content, the snap frozen
pancreatic sanples were rapidly thavved—grgrupt ed uI trasonically in
distilled water and Ik nzdtoeindR stsavieh T RLEmBGhaRiANd
aci d/ et hanol extraction prior. to insulin radi ol munoassay een et al,
(1983) Di abetes 32: 685-690). Pancreatic iangreatichsuliniContenties wer e
corrected accordi ng torepfRéf/i N content and funhbiswinérgpes=eg as pg
insulin/mg 15 pancreatic protei n. Al values calculated as nean +/ - SEM and
statistical signific t% usi ng t's 2-sanple t-test. Table
| Treatnent of Norrraﬁfb%grtg vvlta1 - and G?sqlé?%'lﬂeat ment Pancreatic
I nsulin Content (pgSTiZspibs DGRy P Giwlin) 206Ganigel 20.6+4/-6.0 TG-—-a
30.4+/-7.4* Gastrin 51.4+4/-14.0** TG--a + Gastrin 60.6+/-8.7*** " TG--a
vs. control, p = 0.34; gastrin vs. control, p = 0.11; conbination of TG--a
and gastrin, Tabl e 1 bove ancreatjc insulin
cont gnt was S%enlfg?ﬁgg%ﬁf@%é}b%%?ggs él? ths successfu 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 B-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-« 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 f-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 B-cell
renewal and/or replacement is compromised to the extent that there is an overall loss of B-cells
and a concomitant decrease in the insulin content of the pancreas. The above results
demonstrate that a combination of TGF-g and gastrin can be used to treat diabetes by stimulating

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

0 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 =

3 6/group) were treated for 10 days with a daily i.p. injection of either a combination of TGF-g

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



25 0.007) in the TG--a + gastrin treated aninmals as conpared to control
animal s; there was an 26 approximately three-fold increase in pancreatic
insulin content as conpared to control animals. These data support the
hypot hesi s that the combination of TFG a and gastrin does produce an
increase in the functional islet a-cell volune. This increase reflects an
overall condition of J3- cell hyperplasia (increase in nunber) rather than
R-cel | hypertrophy (increase in size of 5. ndividual p3-cells). EXAVPLE 5
Ef fect of Conbination of TG and Gastrin on Pancreatic Insulin Content in

Di abeti c ' : 2€ i nment s desi.g 0 determ ne whet her
Che conty S8 fetuehin TR (R Gifin S0 SLor Rl and Binc PR D] oS iE Priimethy At
content day i, afiedpecit@ivalBlusodeabieePpoZBisQWPOTTHNEe petfoRALLIIMANS &Y Bl Smight
conparable to those in normal (non-STZ treated) animals. Normal " Wstar Tats

r ecei vedi2at- Blrgd samples yyese ppigined frogythedeil yeobeforsfangB 0ntd kgd b2@lyninwes gfdr.

Thi s dos . 4 L nt.e t. nsur.e t hat .the study ani S re
r ender edZ?d éll?l %E)S?t-gﬁg%igh tl)ﬁlj’[ Eltg ﬁgste "%ﬁ%or} aettaaéoﬁgg fg gﬁiﬁ%({%?%‘aﬁ%?oﬁlﬁﬁ%d
P-gel | nésamiititeonSTereaerfohBedhvadve MR brloalgrudded Ria s 3ind Sttt & bAR shity

ice-cold 10 mMMcitric acid buffer. The animals were nonitored daily;
per si st effOURS 2EPe 8 bk dhe Tefpe and gagiin gegted sate demaratratedref $(%eetivgyion in blood

non-f astj :0S ' I ons. , One ek aft i nduction of .

i abet ast sy RS (RRER, 8L SRR Rl B o105 P dpe ToR R o a8 e s
20 G oupglhcost@ada + Gastrin: STZ diabetic rats were treated with a single
I.p. injection of a conbination of reconbi nant human TG--a and synthetic
rat Gastrin 1; both preparations were admnistered at a dose of 0.8 pg/day

fog 10 days. 25 Goup Il: Control: SE%Ggfgﬁiiic rats received an i.p.

I njection of vehicle alone for 10 d ; e end of the study period,

all animals were sacri Effeed oaTGFsaand 65stéih opxamryewsigea@m #Rd anal yzed as
described in Exanple 4 and the results are given in Table 2.
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.
20 The study included 5 groups of 5 rats each as described in Table 3. Groups | and 2 (lean,
non-diabetic) were treated with a TGF-o and gastrin combination or PBS respectively from day
0 to day 10. Groups 3, 4 and 5 included obese, early diabetic Zucker rats, genotype fa/fa. Group
3 received a combination pretreatment for 15 days (day -15 to day 0} prior to onset of diabetes
and continuing post onset of diabetes for 10 additional days (day 0 to day 10). Group 4 was
25 treated with a combination of TGF-o and gastrin for 10 days after onset of diabetes and Group 5
was treated with PBS over the same time period. At the end 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-o +



30 27 Table 2 Treatnent of Streptozotocin Rats with TGF- and Gastrin
Pancreatic Insulin Content Treatnent (g Insulin/ng protein) Control (STZ
alone) 6.06+/-2.1 STZ plus TGF-a + Gastrin 26.7+/-8.9 The induction of

di abetes by STZ was successful and produced a noderate but sustained 5
degree of hyperglycem a. Total insulinopaenia was not sought so as to
ensure that the study aninmals retained a functioning, but reduced (3-cel
mass. As shown in Table 2, above, the panﬁ;eatic insulin content of the
control streptozotocin treated animals was |ess than one third that of

normal r : - insulin/ng. protei,n, .see Table | aboye) as a
resul t 0?"553%’2 t&?i 5?3‘%’?‘8%‘ gtf‘tggé’-n cné)lrﬁngpgfr}%? “@Ty‘“}"ﬁ ey limyfs E’ﬁp% WEIZELERE WSt h a
10 conbi i@hiiedl 10kl TkFg@upnd gastrin, the pancreatic insulin content was

nmore than four-fold that of the animals which received STZ al one, and
statistical | y hastisanel 4SFthat gestrindrestihentamstasDigblobed glunekd irt the dbsseaZucker

di sease | L l.yin ySi i cal defect is eficiency of
35 cel 1 o WAt FOmp R BHRE bl haBI R T OB« Rese baef shion ves s

aub 0- i MYPRIRANGE ifkeSased b9fd Us L icog vof 5 bheoPtaRthRl; i rl!
to divi deEdue t o)echr orfi C gt iayrﬁisgt@;%% C?ér;]ggn Sh:bg%orlig a@??félgltg]{lé)%%h{]gs%?%&g? a8
gl ucose. UiEtsearliag tieme foreht uliday tteaanant tperiad s¥itIAGROR wWhanrinhe WiklPPeSTofrol.

R-cell renewal and/or replacenent is conpronised to the extent that there
i s an ovEfINE bleadshcossleyels were aptisianifispribniiterad bylabs &g gabrein meuhem

of ToR a e BAb o kDO ERR B Son SRR BrinhincP g peels

of TGF-a and gastrin e~'use

product i @hethér oRhot theR-wett igated vviﬁstl@rEngM}Efdcfb%ybi-@iant of the pancreas
to non-diabetic ?0 | evels. EXAVPLE 6 Effects of TG-- and Gastrin on | PGIT
in STZ-1nduced D abetic Animals Two groups (average body wei ght |103g) of
STZ induced di abetic Wstar rats (n =



6/ group) were treated for 10 days with a daily i.p. injection of either a
conbi nation of TGF-a and gastrin or PBS. Fasting bl ood gl ucose was
determned for all rats on days 0, 6, and 10. In 28 order to establish that
this insulin was secreted and functional, |IPGIT tests were perforned. At
day 10, intraperitoneal glucose tolerance tests (IPGIT) were perforned
follow ng an overnight fast. Blood sanples were obtained fromthe tai

vein, before and 30, 60 and 120 m nutes affer admnistration of an i.p.

gl ucose 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 mn. followng the I.P.

gl ucose | oad. 10 EXAVPLE 7 Effects of TG~ and Gastrin on Body Wi t Gain
and Insulin Content in D abetes Prone Animals Zucker rats were obtai ned at
30 days of age approximately 10-15 dgys prior to devel opnment of obesity.
Besi des the di abetes prone Zucker & (genogyperﬁalfa aut osomal 15
recessive nmutation for obesity and iabetles) + #ah non-diabetic litternmates
(genotype +/ +) also were inciudedd B tHé glﬁhﬁlé& descri bed bel ow. The
rats were monitored daily for deveP ﬁ oFJGbeS|ty and di abetes by
determ ni ng body wei ght and bl ood gl ose The onset of diabetes in Zucker
rats usually started between days 45.50 and was confirmed by a significant
increase in blood glucose |evels, af conpared to the levels in age-nmatched
| ean controls. 20 The study |ncluded05 gpodps of wp rats each as described
in Table 3. Goups 1 and 2 (Il ean, ﬁén Or aBeti &) >were treated with a TGF-a
and gastrin conbi nati on or PBS respen ively fromday O to day 10. G oups
3, 4 and 5 included obese, early didbetic Zucker rats, genotype fal/fa.
Goup 3 received a conbination pretreatnent for 15 days (day -15 to day 0)
prior to onset of diabetes and cont$nuing post onset of diabetes for 10
addi ti onal days (day O to day 1o§ GBloup 4 was 25 treated with a

conbi nation of TG--a and gastring { =10 @a£s~a£ﬁ@§ onset of di abetes and
Goup 5 was treated with PBS ove géqg'blgpéperlod At the end of the

study, the rats were sacrifdlced B =
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and the pancreas renoved. Small biopsies were taken from separate
representative sites for protein and insulin determ nations as descri bed
above. The body wei ght gain in obese diabetic Zucker rats with
pretreatnent, treatnment only or 30 with saline (groups 3, 4, and 5 in
Table 3) did not show any significant differences anong the groups. It is
I nteresting to note that even prolonged treatnent (25 days, group 3) with
TGF-a + 29 gastrin was wthout effect oninormal weight gain. Wthin error
limts body weight gain was identical in all the groups. The effect of

TG--a + gastrige idseid FERtaRRnf #fth I TOFL] AR0 SS9 thd PudilRe rARRSE: %@qgﬁé 2
rats was conpared to the correspondi ng PBS controls. Fasting bl ood ucose

was firstasies dpemel earmgnififans deferentesyn dégodigu¢dseOieve)s Betwazen ShedtreAim2)t amt

this ti | 0t was CE en_as .t starti ti for the 10-day treatnent
per i od werhOrdsen o GRERY i it Hait b Jfimb N eempin e, 4O wel aghrauees
l'evel s vgiivdn08 hed)Fifhdtiant The Mrhei@dstBohentiBal ididids fevaReE sighifidaRRldieikes A
by PBS. Fasting bl ood glucose values were |lower in |ean, as conpared to
obese arhemimbenhisihgle foei ofapsulinespnvaeniagtceBate thewl GR-4 had gaanih rebedtanimaler
with PBS. 30 +1 +| +1 +1 +I r rn CDo\ a~VDOOy zz>, + o0~o02zF U
d UN s compared to control amimals. These findings demonstrated an increase in single p-cells in
adult rat pancreas following treatment with TGF- and gastrin. Interestingly, such single R-
cell foci are not commonly seen in adult (unstimulated) rat pancreas. These findings support a
therapeutic role for TGF-y and gastrin in Type 1 and Type 2 diabetes since treatment is

10 targeted at both g-cell neogenesis and replication.

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

20 that TGF-q over-expression induced insulin expression in duct epithelia rather than prolonging
the persistence of islet precursors found in fetal pancreatic ducts. Although the metaplastic
ductules contained numerous insulin positive cells, the islet mass of the TGF-4 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- 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



31 The results of treatnent with TG--a and gastrin in the Zucker rat nodel
of Type 2 diabetes showed no significant differences in blood glucose
| evel s between the treatnent and control groups, probably reflecting the
transi ent hypogl ycem c effect followi ng a prolonged period (18 hrs) of
fasting. The imunohi stochem 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 gontrol animls. These findings
denonstrated an increase in single p-cells in adult rat pancreas follow ng
t r eat nenbf wiabdiesl etiouansly gasipdulic aifhsEeRidnNEt this SEBinsidibeaforcel | foci
are not comonly seen in adult (unstinulated) rat pancreas. These findings
support BOMPHEIRNSSlRicR Proyidefar PR a4 edPERssioni within Uy pancicaand Type 2
di abetes since treatnent is i o targeted at both 13-cell neogenesis and
replication. The present invention is based in part on studies which
dermonstrat ed TuepEeyeat invenlibm is SétdirfitdiObiC Blel spetifictdi@bolittheds UORY®EE herein.
nmet apl astic ductules. The |ow | evel of exocrine and endocrine gene
expr essi dpdificatings et Rprerse pppaget HPmcbe feregeisg Mssedptianandsfccompanying figures
prOtOdifEﬁf%ﬂﬁEﬂh@@cﬁ§9H%%%%1 sIs seen in the early stage of feta
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pancreati c devel opmne onh of islets (neogenesis) results from
proliferationvandudphblerivit atd oitedOficrtesr dEabades bewARh 2t aforRsailet by
expressing cells. Hstologically this is manifested as islets appearing to
bud fronfaierencpuntbpsantiseyuct s (nesi di obl astosis). In the MM-42 TGF-a
transgenic mce, ductular netaplasia was not seen in the i nmedi ate
post-natal period, but only at 4 weeks of age. This indicates 20 that TG--a
over - expression induced insulin expression in duct epithelia rather than
prol onging the persistence of islet precursors found in fetal pancreatic
ducts. Although the netaplastic ductules contained nunmerous insulin
positive cells, the islet mass of the TGF-a transgenic mce was not

i ncreased over controls. The studies reported above denonstrate that
conplete islet cell neogenesis is reactivated in vivo in mammals in the
ductul ar epitheliumof 25 the adult pancreas by stinmulation with a
gastrin/ CCK receptor |igand, such as gastrin, and/or an EGF receptor

|l 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 developnent and indicate that TG a
and gastrin each play a role in



regul ating islet devel opment. Thus, regenerative differentiation of

resi dual pluripotent 30 pancreatic ductal cells into mature
insulin-secreting cells is a viable method for the treatment 32 of

di abetes nellitus, by therapeutic adm nistration of this conbination of
factors or conpositions which provide for their in situ expression within
the pancreas. The present invention is not limted by the specific

enbodi mentwhdes eldinefisherein. 5 Mdifications that beconme apparent fromthe
f oregoi ng description and acconpanying figures fall within the scope of
the clains. Various publications are cited herein, the disclosures of which
are incorp ratﬁg(.P% reference in their entirety. 33 What is clained is: 1.
A kit conprisi HLHPTEY "8or e containers filled with one or nore i ngr edi ent
for a pharmaceud bcbrec@ARMES fiddd GRRLBAE 6} MBreAngRaAleht forheceptor |igand. 2.
The kit according to claim1, wherein said one or nore ingredient are a
gastrin dfiarmagehtiealsempositen comprisieg 2 gastrimeseptor ligandor ding to claim 1,
wherein said one or nore ingredient are |yophilized.

2. The kit according to claim 1, wherein said one or more ingredient are a gastrin

and a pharmaceutical carrier.

3. The kit according to claim 1, wherein said one or more ingredient are

lyophilized.




