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
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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



conbi nation therapy. It is noteworthy however that the progressive nature of

the di sease nechanisns operating in type 2 diabetes are difficult to

control. Over 50% of all drug-treated diabetics denonstrate poor glycenic

control within six years, irrespective of the drug adm nistered. Insulin

therapy is regarded by many as the last resort in the treatnent of Type 2

di abetes, and there is patient resistance to the use of insulin. Pancreatic

i sl ets devel op fromendodernal stemcell$ that lie in the fetal ductular

pancreatic endothelium which also contains pluripotent stemcells that
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during late fetal devel opnent of the pancreas. the factors regulating islet

di f f er eprotedifforgnasted celkel Yhese potodifferentiated 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

Ly 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.



expressed in the pancreas during this period. One of the genes expressed
during islet devel opnent encodes the gastrointestinal peptide, gastrin.

Al t hough gastrin acts in the adult 5 as a gastric hornone regulating acid
secretion, the major site of gastrin expression in the fetus 1is the
pancreatic islets. Brand and Fuller, J. Biol Chem, 263:5341-5347 (1988).
Expression of gastrin in the pancreatic islets is transient. It is confined
to the period when protodifferentiated islet precursors formdifferentiated
islets. Although the significance of pancreatic gastrin in islet
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found as sing units. Single p-cell foci are not commonly seen in adult
(unst i mal atedjroeaterqaper Bas51-262 (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 p-cell deficiency n

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

reference is prior art to the present invention.

RELEVANT LITERATURE

Three growth factors are implicated in the development of the fetal pancreas, gastrin,
25 transforming growth factor o (TGF-¢) and epidermal growth factor (EGF) (Brand and Fuller,
J. Biol. Chem. 263:5341-5347). Transgenic mice over expressing TGF-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



Wang ei at ((1995) D aberol ogia 38:1405-1411) report a frequency of
approximately 1 % of total p-cell nunber. Insulin independence in a Type 1
di abetic patient after encapsulated islet 5 transplantation is described in
Soon- Shiong ei al (1994) Lancer 343:950-51. Also see Sasaki ei al (1998 Jun
15) Transplantation 65(11):1510-1512; Zhou et at (1998 May) Ain J Physi ol
274(5 Pt 1):Cl1356-1362; Soon-Shiong er a! (1990 Jun) Postgrad Med
87(8):133-134; Kendall et al (1996 Jun) “Di abetes Metab 22(3):157-163;
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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



to transplantati on. The net hods and conpositions find use in treating
patients with diabetes. BRIEF DES R~ IPTI7ISL i'F TfE DRA F IN Figure A is
an i mage that shows numerous insulin staining cells in the netaplastic
ducts fromthe TG--a transgeni c pancreas upon irnnunoper oxi dase stai ni ng.
Figure IBis an imge that shows that nost ducw ar cells stained |ess
intensely for insulin, while occasional _ducwar _cells did stain with the
sanme intensity of insulin staining as t adj acent islets. Figure 2A
schenagjcally shgms the structyre of the chinmeric insulin pronpter-gastrin
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gastrin i note activity that exceed the gastrin content inh the gastric
antrum expressed fromthe endogenous mnurine gene. The | NSGAS transgenic

m ce had high expression of gastrin in the postnatal pancreas. Figure 3Ais
an i mge of the pancreaPfehistor0gy- NAQE | NEBEAIRAGEINGPouse used in 15
t-he study r e - ) L TG reas: reas of
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inthe five animals used. Figure 3B is an inage of the pancreatic histol ogy
of a comagolharshews tlrasmex spiuéarellFiiguee |8 ingngehy foraigeulof, vithie ocpamenragat i ¢

hi st ol f a TG:ar Exanpl.e 3.. This field TGF- ?
pancr edS PP AL P 6t Ao AR e vty ARG RlRd the
interstitialfpigeel bNlanbhyiams dhbokk @ srearRidred: wlitrrrelrifcl Q61 eglotrahstrin

met apl asi a that has been descCribed by Jhappan, et al, supra. Figure 4Ais a
i st ogrBSgraphiacsgdng. | Flgust 2RAtIwrgragseithitzbo natipingnunoss pyorfgtanc cadatdraoshi ch
confirned t 17 weeks.the pancreas of the |INSGAS/ TG--.a. m ce had .l ower
duct | 2B RAS S A Ba i o R G £ Vo e i o BATEC H R e R ety e
report edsirth EHRIg 1k oHBMERuAB dirasdd ﬁ&&%@%&@g@eugﬁﬁﬂm G8hd YThe _
illustrates point =counting norphonetric data whic show t hat co-expression
of gastiNSGAandaigena imce hal hiyBEASIETEPR af gancneashespgmdidl gantieys. i ncreased

the islet mass conpared to th? i slet mass. of the correspondigg ,
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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-o 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.



Figure 5 shows the effects of TG--a and gastrin on glucose tol erance in
streptozotocin i nduced diabetic Wstar rats treated with PBS (open circles)
or a conbination of TG—-a and gastrin i.p. daily for 10 days (open
squares). Figure 6 shows the effect of TG--a and gastrin treatnent on p-cel
neogenesis in three groups of treated Zucker rats together with the
correspondi ng PBS controls (n = 6 per group) as described in Exanple 7. The
bar | abel ed | represents | ean TFG + gastrin, the bar |abeled 4 represents

ob TGF + gastri t he abel epresents the ob PBS control the bar
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7A and In the obese Zucker rats, the percent single p-cell foci in the
pr et rmatlm:érﬁ reprewwpisvwars BEG + Ipa8irirsandithe bat Jdbe{epl Zrdpro®i) tienleam&BS control.
corre]pondl ng control roup (Figs. 7C and 7D). Fig. 7E is a 400 x
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treating diabetes nmellitus in a patient in nee hereof by admi nistering a
conposi ti ofigrevi chavgs enegdfer DTGB, raed epttom théaganst s h:ealsnecmstm m leam EGF
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conposition i s express d In %l tu, pancreatic i1slet precursor cells are

t r ansfaororecbrghinheon wasalt0.5 + 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



vivo or in vivo wth one or nore nucleic acid expression constructs in an
expression vector which provides for expression of the desired receptor
ligand(s) in the pancreatic islet precursor cells. As an exanple, the
expression construct includes a coding sequence for a CCK receptor |igand,
such as preprogastrin peptide precursor codi ng sequence which, 5 follow ng
expression, is processed to gastrin or a,coding sequence for an EG- receptor
ligand such as TGF-a, together with transcriptional and transl ational
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such as a transcriptional regulatory region froman insulin gene. off'
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neur opat hy. Di abetes accounts for 50% of a non-traumati c anputations in
t he USAS eppprimad Inyulisresprios 4@ pplgntatipa be ccpriapiaieg Bomswiih are saaheseaansor lxgagd(s).
di abetics have a death rate fromcoronary artery disease that is 2.5 tines
that of 30 non-diabetics. Hyperglycema is believed to initiate and

accel er at e pilogrsessromvefitiah @ftiatiadvantages 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



rui crovascul ar conplications. Use of the various current treatnent reginens
cannot 8 adequately control hyperglycem a and therefore does not prevent or
decrease progression of diabetic conplications. As used herein, the term
"gastrin/ CCK receptor |igand" enconpasses conmpounds that stinulate the
gastrin/ CCK receptor. Lxanples of such gastrin/CCK receptor |igands include
various forns of gastrin such as gastrin 34 (big gastrin), gastrin 17
(little gastrin), and gastrin 8 (mni gastrin); various forns of

chol ecyst oki nin such as CCK 58, CCK 33, CCK 22, CCK 12 and CCK 8: and ot her

gast ri n/L&ekuitel§apnado] hyg@@@&:emﬁnaﬁncemehﬁbreadmeeoobrdven@&n@cm@tse prbgradstdn HGF
receptor |igands can i nduce differentiation of cells in mature pancreas to

form i rSabqts-coaur é?tailﬁgﬁ islet cells. Also contenplated are active anal ogs

fragments and ot he |cat| Q uch |i ands al | ude
conpounds t haf* | ﬁ% afé’le“ tﬁ egg’cr%aats{]gﬁeg;# reeﬁﬁ%g%%js edgg{nrp WS’ CorftpGithds et
chol ecysd piiRieNge QhstBin/CCRIkeyepA6H | EQarBEEE lod@scH QWSS r@kploh FisHRIsShonage.
Exanpl es of these are omeprazole which inhibits gastric acid secretion and

soy beanvarropgddmns phpidoiln euchwis gdstiimds dhigessICOK, sasimmull at(lioke. gadsinisedl pesrrei n,
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i nsul i n-producing pancreatic islet ce IS 1n Exanpl es of suc
recept orwlth Qﬁﬁiﬂseqep@rd@n&@m bidyce aﬁﬁbrémtagnn@fselamm aetre parangls ogsotriner eof

i ncl udin GFl - 48, %%_5 E?Fl 49 See for .exa USPN 5, 434, 135.

O her: gﬁﬁ%éﬁ(ﬁfﬁ&ﬂ% WcPLBPPIRICY e aC i vE- 58 ”;)Ogénﬁaé@e‘fltﬁéﬁ?r@meé and
agi ive arﬂ@hﬁ&%&ﬂ%fet‘%1abb@|§ﬁghQ%aﬁas4§lsoJm?\]deadb%;gbtuﬂ% rﬁg:ncrrga% MeO{e&Etgﬁr&S
such as anmphiregulin and pox virus growh factor ‘as me as ot

r ecept orerdiogamas gtalsnatns desteqystakaties bhemslwr@ gyinempgpsddsdramatsites diytissiie Rtorage.

gastrin/gCK cetﬁ gands These. i nc active anal ogs, fragnents and
modi fi catT B8RRGSO e CA5D YECPESRI WPiHhe ﬁ&é%@%feeﬁa*d %@@IIOWBéM FaTaHAPIMANI |

Chapt er 1ﬁh1mtOPem1¢@%cg£g@ hdragtQhsbEds. Sporn and Roberts), Springer 25
Verlag, (1990). A principal aspect of the invention is a nethod for treating

di abet es nel t Armiséhhamin,ithdierimd UaG Fimcapeedliganel eof orbyassctndamstueds gt t o t he
| ndl vi dusquu ate t Hg(}%fg Ireocrép{orr]%!) d{hrlg w%en gastrin/CCK receptors in 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-( recepter 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



gastrin/ CCK receptor |igandand/ or an EG- receptor ligand in an anount
sufficient to effect differentiation of pancreatic islet precursor cells to
manure insulin-secreting cells. The cells so 10 differentiated are residual
| atent islet precursor cells in the pancreatic duct One enbodi nment

conprises adm nistering, preferably systemcally, a differentiation
regenerative anount of a 9 gasuin/CCK receptor |igand and an FOP receptor
ligand, preferably TG--a, either alone org in conbination to the individual.
Anot her enbodi ment conprises providing a gastrin CCK receptor |igand and/ or
an EGF rec: I : ic 1Sl : ur.sar I of I e
pancr oat e (s sha e A HE RO et L AR I e A oo
st i nmul atigdotn®idahien i@mwindiJiduanot her, the invention conprises providing a
gastrini CCK receptor |igand and/or an EG- receptor ligand to pancreatic

i sl et precur sdrolgdl dreb@fimerprempueesranedewtd gasiinsiiek freeapiar ligeameadl/or gn

expand t popul ati on. of cell.s. I n anot her enpodi nmen astrin/.CCK receptor
" and SCrrirarasie 8 plaiged i Dot cus BhomEt R POuP! A
PrONMot ermgashl Afh fetsit QAN eGRStdHE i stea0sgan S8l hy (hd Mihaduced into such
precursor cells. In another enbodi ment FG- receptor ligand stinulation is

ef fected by drxpmessi.cheohvemioBGEomEsepporvidingargisgen€ ¢ emspeniligand ynd/or an
introdu%glri nt o tne manurial . .Th seqﬂlé?nce gf %he EGF gene is provided in
USPN 5, 4925 135P9 1 SR RS "ibda W mreS¥Ghir dt PhRTIFTAY JARTFT Y CERS (88kpt or
l'igand apd,am E&E L dhgpgﬁﬁﬂgdéﬂgﬁﬁqehé effected by coexpression of (i) a
preprogastrin peptide precursor gene and (ii) an EGF receptor |igand gene

t hathave bedn asbakl ymbotiimeigedrimCokt heepreneind dimanobher eféapecty t he
invention relates to a nethod for effecting the differentiation of

pehcr eatt¥BrasgPatof gredines o Ansedin| iy opfotes-grammausiop esn¢ FONHUTUChE aBIAEAICEBY | s with
a conbi nat | f. a astrin/CCK.receptor |igand an EGE recept or. | i,gand.
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by expr assifene®by axpicefib 0@AShIEOFRefisleihe GUhs ahngenealls iabbdtceidiodiced
into the mammal . The expression is under the control of the insulin
pronot ermarEgel. ¢ dbeptaents ghHe, Eelggene Teprayidedtipd$ iV isof34.43%f f ect ed by

cRBr 2ot 0 Ol EPEpERERRLA LRI, SE0S L ARSRL Al i plee
T@E- a i seqpedeli @hliys efft et &g dExpRsaspbessk Ple®beislyin@eptide 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,



25 preprogastrin peptide precursor gene and (ii) an EG- receptor |igand
introduced into the mamral. Appropriate pronoters capable of directing
transcription of the genes include both viral pronoters and cellul ar
pronoters. Viral pronoters include the inmediate early cytonegal ovirus
(CW) pronoter (Boshart et of (1985) Cell 41:521-530), the Sv40 pronoter
(Subramani er al (1981) Mal. Cell. Biol. 1:854-864) and the major |ate
pronoter from 30 Adenovirus 2 (Kaufman and Sharp (1982) Mdl. Cell. Biol.
2A304- 13199). Preferably, 10 expression'®f one or both of the gastrin/ CCK

receptor I|igand gene agd t he EGF reggf or ligand gene is under the control
of an i FRIFFIPHPORS eF PORHHt Re B2 AR pEdt R dFcepe TigivenePoAnd e hlicresiionci d

const ugl,THi;5. CQNSLT HElhS] HABS,a, [ NEL LG acid sequence coding for a

preprogastrin peptide precursor and an fnsulin 5 transcriptional regulatory
sequence, Wwhisslvilies aSped: @f adin®tfiget & \wendcleis HER@OhsthI@RNSTHY PdriseiicOfnchides a
sequence encoding the preprogastrin peptide precursor. Preferably, the

i nsul i NNYYIERPEI] praVerRE Codiegyifirt WEpT ogestiarneetidnpreguesr and keastulian i nsul i n
pronoter._ In. a preferred enbodiment. the., nucl ei ci d sequence codi.n or
Phe or cresastiofh s EhbRas B RBRNTaObichdbs: UG dfechSh i BEMIET iR Rk 0EALE
cont ai Nidigle BXOA odingNte Hr&frofaMUABEERSHELITs@ENBredtdb 9P oM 1Y rBh&QiptibPal
including introns 1 and 2. Anot her enbodi nent of the invention is an

expr essianldagswguenceonpiudes aigegst po ansuiol repwmoteacild asuqiteredecodiimgnt be a
natnnaliaqEGF receptor |i ang E.g., TG--a and a transcriptional regulatory
sequencBUT RESHT SCRRES TIT R HULT Bl 3AH S BREH PEELEHT FGHROFCT Re

pr epr Ogﬁlghh&e@@d%t {cd@c eGS0 g @NEnA0 LhANSATH Mih @@l sufi € IhAL RS Y REAUGNES
thereof . Preferably, 15 the transcriptional regulatory sequence for the EGF
necept omchiqganantigsa &td dng non-ti ssue specific pronoter, such as a

met al | ot hi onej n pronot er.. Preffgrabl?é. the transcriptional regul a@orryrl e
sequence for ‘UGS ERBYEEY r I EPENERD by BLuPEor AnsCasit e TR R i BhbPBFlcicA
prefer redqiQhmRt chis BrRGHLARa BOPNEURE! S 1S Nyl G aq) d sequence
coding for the preprogastrin peptide precursor co i ses 4 ‘pol'ynucl eoti de
sequenceagnanipaionhnggitargrsqienandhe2ect; 2ndid) exanisic 2caingdqB8erak dold e ghiomaline
gastrin gene. Another aspect of the invention relates to a vectar .including
the expPEPEPETUARBERIUACPTERYRDT # hy2DKEPHPRHITEGHIFY REPEPES H’ére&?fe IRTIELE

Goding ?rﬁq[lﬂ;?x{k%ﬁptigﬁzil%eglﬂgtto% s&ﬁ'a@n&aefo‘?l 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



pl asm d such as pGeml or can be a phage which has a transcriptional
regul atory sequence including an insulin pronoter. 25 Another aspect of
this invention relates to a conposition of vectors including (1) having the
nucl ei ¢ acid sequence coding for a mammal i an EGF receptor ligand, e.g.,
TGF-a, under control of a strong non-tissue specific pronoter, e.g., a
nmetal | ot hionein pronoter; and a preprogastrin peptide precursor coding
sequence under control of an insulin pronoter. Each vector can be a
plasm d, such as plasmd pGenl or a phage in this aspect. 30 Alternatively,
t he expressi afenvasssetitied orruyectorirad, sentcanisbend nseliteedSeanBoraerva: raal(1 Y0t or
viral vectors include

with th a riate tissue [rophism Exanples of I
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16: 35- 4Qranfidangvbrigse e dhntdd gensrt hefeapy has Hpeaaidsepasuecesdfwkliy to
transiently correct the chloride transport defect in nasal epithelia of
pati ent SIPYh ©Y&Rbng #id (b33 CeBed ZabAET et a. (1993) Cell 75:207-216.
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i nt r apenissneatellsi NThawamosiansisheudraseélowsn be muranagale oandisoral routes. The
conpounds can be adm nistered by any convenient route, for exanple by

i nfusion or bolus injection by absorption through epithelial or

MUCOCUL B\GOUS e b NARGSinf<rdion M PLMIGARANs T eCtal and intestinal nucosa,
etc.) and can be adm nistered together wth other biologically active
agents. AdniMiogty af adminisrapp efienalel yutsys hentimited hetrpnesent], iinventicoferal so

rovi des pharmaceuytjcal conpositions Such conposjtions
p15 mgapemonea , mtravenoursr})su%cutaneous, mtranasarlr,pan 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



conprise a therapeutically effective anbunt of a therapeutic, and a
pharmaceutically acceptable carrier or excipient. Such a carrier includes
but is not limted to saline, buffered saline, dextrose, water, glycerol,

et hanol, and conbi nations thereof. The formul ation should suit the node of
adm ni stration. Pharmaceutically acceptable carriers and formul ations for 25
use in the present invention are found in Rem ngton's Pharnaceuti cal

Sci ences, NMack Publishing Conpany, Phil a&del phia, PA, 17 ed. (1985), which
is incorporated herein by reference. For a brief review of nethods for drug
del i ver yrageeceuanyeriqro90)yp8ei eapeers 2493915270583, ofwh¢tbhdd ®riakiconpor at ed
herein by reference. In preparing pharmaceutical. conpositiong of the present
nvent | GBI DR renou RSB @l IodGTE SR Py EHE COMPSTEY Sha ot { HE- present
i nventionpto ?u!sér‘?if. ERehioidNATIRE A iek 688D roteétgqlléﬁ[h&Q§éx§[9m vEQhed
general discussion of pharmacoki netics, see Remngtons's 1I') Pharnmaceuti cal
Sci encesompugdayf sChaptaes sudy a8Prot@nnulifds (of enethledsipbormal) t @rbeigydrates, or

phar macoki netics and bjodi stribution are known to one of ordinary skill in
t he art SYBAEIC ROIymers. | GpfgetamRlfiping)a2c R AP e BT SENS U Bt RB DS NEPaFEd nto
pr ot ect i: t. t.S L0 Vesi MO: f . si . :

D ot of a0y Phsedf o FArS el Bl e R AR RS i AL ENSE TSR TR, &

pol ymer sarift@rof exangisesre taheil&ige iéiSprepartihe Hpb &Seatt ab BYLAbeO M Gap.  [Boka er al
incorporated into |iposones in order to enhance their gharnacokinetics and

bi odi st F1BW Hori- ErarBiepsrs ftipew. IX6Kdd iSetRat oNoset.RdUS7 ar €58V AR abie for
i i : ibed in, e.g.. Szok | 80)..Ann.
B ohys b TG suden BFEHeh e ooy BEahR g VaBhos bRE M AV 95 g

abl of whi kdbvaf end EGOBP0seat BhdAEhRESN e fHEBNERE e Mok iiRUS e QL heficrdgirtivies y
systens <,r 10 are known and can be used to adm nister a therapeutic of the
i nvent i 8ncrogagpulespindrlopakei cl es, nmicrocapsul es and the |ike. The
conposition, Iif desi red o_contain m nor anmount

el s: fyi ng deRigetEDn sl T erng GoBhe it ebmpbs vk o Spllsine
l'iquid s@ddid,i @pH SUSPANEa8Fts. aMl Bn@idsifad Blbe Dlibhia seapwl Guspsnsdai ned
rel ease formul ati on, or powder. The conposition 15 can be fornmul ated as a
supposi Emisiomiiaiet, paldi ¢dpowial seitnided scleasd formriagps. suphvds. thlieglyemsitges.
gﬁgg efso(r%%rrly h‘egtﬁ(%’lﬁ%]ug?tgg s iar%%gggs?[o%;[/,a\gﬂg rtgad?t%nraii Ensde?sugnr}i &tri r@asﬁjw%se%élg&lrides.
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



| act ose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium
carbonate, etc. In a preferred enbodi nent, the conposition is fornulated in
accordance with routine procedures such as a pharmaceutical conposition
adapted for intravenous admnistration to human beings. Typically,
conpositions for intravenous admnistration are solutions in sterile

i sotoni ¢ aqueous buffer. \Were necessary, the conposition also can include a
solubilizing agent and a |ocal anesthetic to aneliorate any pain at the
site of the injection. Generally, the iﬁéredients are supplied either

separate] y. or -m xed.together. in unit dosage.for for.exanple, .as dr
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agent. \Where the conposition is to be admi nistered by infusion, it can be
di spenseadwithdér dmalemf aasioon ibairobelacom, arinihpgosteri-tdylqphao raeeot ikdaldigr, ade
wat er or sal.ine. Wiere the conposition is adm nistered by injection, an
ampoul e 5P 8t%eri'f'e water for injection or saline can be provided so that the
i ngredients maye BRoub ofale RlekQeuti RUE MvSLEAL LA i?gffgaﬁletig%@g‘géﬁﬂe%?opirl
the invention can be fornmul ated as neutral or salt forns. har maceuti cal ly
accept aljeeticdabt disomdel udeorndiose wibrdepehdvt thefrmage afiiiod goepsr suaditias, 4ddose
13 derived fron1hgdroch|oric, phosphoric, acetic, oxalic, tartaric acids,

etc., arif {HGFHNFOPHEANd4PHNGab & BRIBEKy I NG PEGES dueho A8 cPmévEdderisved from
sodium BaLARSLHTAPNEREHS Bn (ALY (SRR by BleelticGalOBPme dicense
i sopropyl'am ne, triethylam ne, 2-ethyl'amno ethanol < histidine, procal ne,

et c.. 5 Thedissrduntanofshbiie Yehize ageauick6rddfy tohge i fnt on twhprahridsheehhi@etdve in
the treatnment of a particular disorder or condition will depend on the

net ure ofaliehes girsgprdencesr Hayvicr i BHlabkndpsesmranpes Wetierayaneds BYmEY ardandre
clinical (Tl 50 ' o) I in_the fornoulation

a1 50 w11 BEEE20 08 AL R S SRR ER veL o s e B SERHE SR e
di sease d@agdimsQedeyr,inanthssiholhididetideatdeshettiyamdung diopd/ke bpadgepnt 1©fi t he
practitioner and each o Eatient's ci rcunst ances. However, suitable dosage
ranges fBE/KEMadyvenslis BHRSHCstsagisondice xgaplaiedl i §m st e SPODSORYT He ScHBYEAS
of activ r ki i - Suit abl d

nt r anasal Aoy Sf P o GBLRL b sl b R B 23R LANe R ity
mgd kg bodythvveigletof (Ef et i0ve vaaglagesal fanmbien@xtyrapeday ednhirom Bas@sSresponrse

curves derived
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



fromin vitro or aninmal nodel test systens. Suppositories generally contain
active ingredient 5 in the range of 0.5%to 10% wei ght; oral fornulations
preferably contain 10%to 95% active ingredient. In the gene therapy

met hods of the invention, transfection in vivo is obtained by introducing a
t herapeutic transcription or expression vector into the mamual i an host,
either as naked DNA, conplexed to lipid carriers, particularly cationic
lipid carriers, or inserted into a 31-~ Viral vector, for exanple a

reconbi nant adenovirus. The introduction into the nannallan host can be by
any of gE¢erAF cPBiESs @ ARINGHIRAGYHCAF avléhvuse @rteﬂrneqara;ﬂempteéh@al Timpecti on,

intratr t arenteral] artic

i nt rana%{q &I L%/%Eirgnlﬁjgggﬁeg%:mmm eceP[(?ésl PS/O&% T‘l@ ??Fﬁlqrﬁ?%”gprﬁﬁ ggte[r@l.oyteg any
nmicous mam)zﬁ mgemmfa%@@nat@@m@lad Arﬂ&ﬁla} k@trh@mbroeghc. OF particular interest
is the introduction of the therapeutlc expression vector into a 25

circul ating bel plyysmlggldald»r aqcﬁp@b@ hodlymoma f |bc@nmlomw’ot yamerhusrmg iter BNoUS
admi nistration and nlnlstéatlon are of icular |ntg gst |

RN A R R R e S R YR B A G R
adm ni stfitd oy, cando@ehosats aa@lmtﬂé ks @ a&ganfbh@%owﬁx M gﬁarhﬁkmwptl on into

a body orifice or cavity. Particular cells and tissues can be targeted,
depend|ngnmpanonh@xmmdmgtqmnaUmrmnsbfamnomnandmth@dsrtenmbnammtmiBihmhkbd

For exar Ie, a 30 tissue i ch osest.to the si injection in the
di rect i o Ut By lomsaﬁﬁewﬁ f%%rs PEPESt éwmqeﬁ t'he %ﬁ%‘é‘P et Ve JaRIY i ¢

:ar«frgeti BGenbive ek@x'ng 1ﬁ@§tdeQB§h@[1%rM§?edandtM R R RR sdPRgiafih rt‘ic%la]r%eréj' AEft

héQﬁonp exes to particular types of cells using site-directing nol ecul és.
Thus. dnuemnduemqumehwgﬁmmmeMQnhnamnmmuhamamgagphonsfdm<uthﬂtmﬁ@hbu@dﬁface
proteins nmay be a target cell associated with a particular

surfaceaBP’@F@ e Wh% %’&gsg?]éi %l%éﬂgl %ge&%cé‘ﬁﬂ 8151 1€6redi um may be enpl oyed for
adm ni st er i ngrifhe, GNR cif tﬁer%ﬁe‘fﬁ E@Ptas%d W\er egﬁta% Pbufr C%ﬂgtoc JARI B aSUCh

as dei oni zed water, i ne,” phosphat e I ne, dextrose in
wat er, aMﬂapMEwlBhﬂCﬁ&XﬁESQDnhedta@ﬂwﬂmﬁar/4hﬁmﬂhﬂhﬂﬂﬁ&ﬂbfeaheﬁﬁmﬂbasitiOn
depend| ng 1Cupon the rouyte of admnistration. Qther conponents can Ee i.ncl uded

in the FOFRIFAATINIGGERRIESHT etcsTeass Blviori Paase twa@sa@gma@?&e STHhRgddivon.
qerrponen%éd@@va &9%91@1@3&@0@& YeuLEGIRL 'bfe's%g&adgq bBrbiiRe!d d&%a8 w1 apd need

not be described in particular here. Any , ['uent or conmponent s of

di | uent srankginevopkasoaus ehagfeegatssoes of vivhe QrbempDéXe se@iltotdsd sipdh 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 1f 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



avoi ded, including high salt, chelating agents, and the |ike. The anount of

t herapeutic vector used will be an anmount sufficient to provide for a

t herapeutic | evel of expression in a target tissue. A therapeutic |evel of

expression is a sufficient anmobunt of expression to decrease bl ood gl ucose

towards normal levels. In addition, 15 the dose of the nucleic acid vector

used nust he sufficient to produce a desired | evel of transgene expression

in the affected tissues in vivo. O her DNA sequences, such as adenovirus VA

genes can be included in the adm nistrati on nmedi um and be co-transfected

Wi th thecigenesaficli ad prodstg withenphgselicenoh sgedifsalpoicbghit@r iht ken@genvi 6us

VA gene product may significantly enhance the translation of nRNA

t r anscr iEROFFORACHE 08X P IMESENbH BasswEswon fassHis 2 is desired. A nunber of

factors can atfect. t . of ression in transfected fissue and thus
bYfke % REPEbUP bR B TRl Een el RS Bh i it

can be used to evel 0 pose.

Wiere a ficgftaheVied reQfneaXPIresSeBatk$ ol @8iduhe kls fepCARRS uFGN IR ORNLS M zed,
where | ess expression is desired, one or nore paranmeters can he altered so

t Fat t hecHesed edl thevetatro¢ntex prresisi oeipstiantitcan hednomure®® ensanpthe theke ke grh

expressi on woul d excee%}the ther%P utic wi ndow, then |ess than optinum
conditiéﬁgegﬁﬁmﬂynﬁ§5§[f%ﬁ&“%%@%f §ﬁ&fﬁV@§ﬁes of expression of the

reconbi nant - - ] eyel Clel e,
andior a1 he Tovap oSy PELTAer Bhubhf o e LS AR AES S RE s ReYS
quant i t atld (byirmeabpon igldiics dfi tht pgiceals fash iavintiybleRichbs i8S areFRbaexdadrl e,
protein 30 activity_can be neasured by i nmunoassay as described above, by
bi ¢l ogi CAPVASEAY Suchc 48!S BNSGFTEICTREYEY a8k Obigined dfd Fijsusgsantiéesgfém pr oduct
L LT anshiernad. o8Lle L ATIIARLAIAING, 190, 4 ELRNIGVES SHED: a%.BloRLAd. Wit
an anti body Irch specificafrly recognizé the gene  product or & reporter
gene prqducteapt esl@nt Ifi NunidhecetX pressi oWheapssiile thelomisaad hsjorthgot igpapeility C

cassette is not integrated into the patient's genone. |If necessary, the

t r eat neriPaieh wEh tehEsiReN o’ W IGRHOMBE 15118 cofe pe aeiamep! iPehbY BEAdigdul t s s
achi eve - LS T he..patient. b Lt -
ensure %ﬁg%%#hgggég§ﬁ%gﬁﬁg&é§T3§R$%%§%2c%?%g?ﬁé#?ﬁ%gggﬁgé%pgﬁggeQEg é%ﬁgﬁt.
The invertlsare glose pravdidesnfaaringreifnods: fharieexpaAdbNFoA RPN af tercedik as

pancreatic p-

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.

19
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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.



cells in vitro. Upon isolation of the pancreas froma suitable donor, cells
are isolated and grown in vino. The cells which are enpl oyed are obtai ned
fromtissue sanpl es from 10 nanmal i an donors i ncl udi ng human cadavers,
porci ne feruses or another suitable source of pancreatic cells. If human
cells are used, when possible the cells are major histoconpatability

mat ched with the recipient. Purification of the cells can be acconplished by
gradi ent separation after enzymatic (e.4 , collagenase) digestion of the

i sol ated pancreas, The purified cells are grown in nmedia containing

suf ficient ndteiedlesot seameanof GrRbYER canvied efuatpag &lllogviasBath thelbiolagical
sufficiept amunt of a p-cell.proliferation inducing conposition,containing
2" gast FTO0R oS B TEumi TR a v P LBt ar e Ganae Ta at oW figr
formati pBr efarhpieUbisBasesaelifkisNGeAaNChEREEE Ro6@lshSr ARCOLHNG LEIPE of the
invention, following stimulation the insulin secfeting pancreatic p cells
can be thereul yheagipandedbs avaudtedirfer praroplet by bdsargatiorans plnamt @dhe Ay duatad

patient jn need thereof, or ¢ be .transplanted directly foll ow ng treatnment
Wt h p- B0 BECGE P BerBR T ABGETHE GRS { Fol et GALIGK Of theunderins
transpl aptatik eftel M WdSahf ARSI BN hiRSHET B SEEERLL Bgﬁ_@?lﬁ% GRLLGe PR S

obtained into a patient inh need thereof I n conbination w
i nununosheppréssione fage htodogisalehilia@sy goych dspowan as Theriogsel dndppmoduchag cel |'s
al so can_be enﬁapsuLated in_a sem_-pernmeable nenmhrane prior to

P . :
t r anspl &HPAR] GRC2SudhiSROMEFAREYC pelivh ¢ MERSEINSR SWtpEtGNgROINt Bichhenzgve an
encapsul%{eq.cel S W@il% r techinq‘the c%lls fromimmune qltack. The nunber
of (cel I 15" HE “'thans pitant'€d°r & st Phat ¥t o? A& Berled oY do8 arfl S 660
hpsul i ninfiedieel dTAhe chglchSetPesic ke @F wehGePatdigeh. Repeated transpl ants may
be required as necessary to maintain an effective therapeutic nunber of

i nsul i n secr difiergbesst FempThigonsrcang)sl ranvideees pitehor eEnnalig®r mersoprdr iy reso

the invention, be provided with.a sufficient anmou f a gastrin/ CCK

recept of 1iiganeraird et a0 ek Pulupte it SRRttt HER P oPee Bitedr the
transpl gt gdvitsHhiithoB EFN@ERSYArRI €8Ldthe s?e@uerﬂé@q)e%_ﬁﬁ@sqta_s of ek sr@BiaRMN i rAfvector

di abetes. can be evaluated as follows. Both the biol ogical efficacy of the

t r eat ment cApdEXed yo Aigidwdrricess ARéitenil. dalid efificcaean be erewddduat warajo

785 e BBl ) 35R05: OLEERE A L S5l RinbGE SaEHPh 00 o1

exanmpl ecoRyrioRgseivatdcoRe aféntle@hblf i @nctiteaiey ahtiatipg 15ophinedl @rigeseorispwar ds

normal . The clinical efficacy, i.e. whether treatnent of the underlying
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



effect is effective in changing the course of disease; can be nore difficult
to nmeasure. Wiile the evaluation of the biological efficacy goes a | ong way
as a surrogate endpoint for the «clinical efficacy, it is not definitive.
Thus, nmeasuring a clinical endpoint which can give an indication of p-cel
regeneration after, for exanple, a six-nonth period of tinme, can give an 10
indication of the clinical efficacy of the treatnent reginen. The subject
conpositions can be provided as kits for llise in one or nore procedures.

Kits for genetic therapy usually will include the therapeutic DNA construct
ei ther as nak€de f@NAWE e tomalind oethadistvooh oned irajhetsardgest iepgrts@ Gy éreceorking
peptides, as, a re?oqghqant viral vectar or conplexed to |ipid carriers.

Addi t i orfaPIPLES $ehT YU BF PP E R BREBPEVIAED i n separate 15 containers for
conplexing with the provided -DNA. The kits include a conposition conprising
an effective agent either as concentrates (including |yophilized

conposi tAomns)ls. Mibe cAYBaandb@Dditdaut, ederk ubtdieed frohoTadoaicuBener, IhheGenamiben.
provi ded at the concentration of use, where the vials may include one or

not e dosdgesThadfifeni terspgnic line MYE-4Qi wssd s Mhiflhee xdotsagpesch ¢angl el Prbui ed 4 n

sterile vials,so that t physi ci.an.c enpl oy, t vi.al.s-direc ere.the
%ot vi ar Bl Pty Bt e D YR IR R R et U o 7ok SEunvY. "I ne
vial' s cowahnatd@ucieraml aéreanohed ndheCindss 8q /Matd hWthtther £cwd b vheern@dneed
for other reagents for use with the nethod. Associated with such kits can

be a notwew dcalipldszddotan queeseekited tbynialagowef naenitady. Hgehlypreegglati ng t he

manuf acture, use.or sale o har.maceuti cal.s or hi ol.ogi cal ucts, whjch
ot co rrRitERe 80ae By eTRE BN e Tt el R e Tue Loy T S or s e
250 adm nifet nadb@n oftBatcedd o N ¥AMRhesSHAF 811Qffarisd Mupesorahubbdghergt ration
and not by way of Ilimtation. EXAMPLES 10 IVlale iais and ti9ethods 17

The f ol |oedtmgnimatierimahss, didFpedrhods gnearie wsedetanstituedshudirés noeparsaboe by t he
wor ki ng exanpl es_set _forth bel ow except as otherw se noted, At | 3. Mce,

h ( i
FVB and &g G %8P - ohfchr AR thrtawwémnqﬂatf%mewebéd%F%@q}fms 5

T'\“G(-F The TGh-2 LLANsgen eclilng, Wiof2 Hasd.y WheShoexPligssed i ol Jevel Aol
-a froma

(4.0 ;g/kg body weight) or as a 1:1 (w/w) combination (total 8.0 |,g/kg) or PBS for a period
) of 10 days.

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

Xbal-EcoR1 fragment.

(R}
n

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



met al | ot hi onein pronoter, is described in Jhappan et al, Cell, 61:11371146
(1990). Normal Wstar and Zucker rats were all owed normal chow ad ii bi dwn
with free access to water and were acclinmatized for one week prior to
initiation of each study. Freshly prepared streptozotocin at a dose of 80
ng/ kg body wei ght was adm nistered by |I.V. five to seven days ion after

i nduction of diabetes, the rats were randomy allocated into groups for
subsequent treatnment. Hornones, TG--a and rat gastrin were reconstituted in
sterile normal saline containing 0.1 % BSA. According to the predetern ned
treatne schegule f.or diftﬁre t .studies, each animal. received a single,

dai l'y i (pACOH} SEFT o6 HPt &f EGRngeof | GHEE M SIE AMsTRaCE 44 oS RE SKGIBEdy

wei ght) , d ~combi nat i - . o5 P 0 eriod
15 of 16&5135@? < ﬁseé.&(é(yg?@a#sggtr?e[ Bl t'rzéjﬁc’%t’% 56%’% 9&@5?9 Tr é“gbrorgag?’tyeﬁ%@‘r?‘gassi ng
nuci eot Cdés SpBin@ HabeB8NYofl9Bke Patviimsumbryds vyaae (Cordell, B.G ei al,
Cell, 18:533-543 (1979)) was ligated into pGeml (Pronega Corp., Madison
W). A DB RHPIBAEALAESHRYIIFE 1é6h%réﬁ8rfflﬁgr Lagorkiprie ntncond iimiagtpa. M and
exons 2 ri whi ch, encodes .t he preprogastrin
pept do Bl eI IR B I R s T oS E R G P s m
f r agmentddni fiep GND NLbaegahiqubbesihg IPNBMkoh&d desa nhdefuh NmW Lok ds, &d,a Proc.
Nat|. Acad. Sci. USA, 81:1067-1069 (1984) and Ito, R, ei al Proc. Natl.
Acada. 8gman(gasmn egm 26624888 ¢d1984 P2 dCifeby nsulommppromdt Ef Tpceprbdwst ri n

| NSGAS tr ns%ene conitrug} FFS excised as a 4.8 kb 2s Xbal -F_coRl fragnent
Gener at PO ERS CRAPRETS I FRHSh of Transgenic Mce. The fragment, nade as
descri bed ab r : I Croi [ a ~ i-s9lqat ed
by (agar osc ge &gpec #%p g?%i?@%Q&ﬁﬁ%ﬁ? é@igﬁﬁzggfdéFglF%ﬁ?ﬁﬁﬁéﬁfucaﬁfgﬁf and
dpal'yzedh@xt ensiv @hyppegaisnsita) iwgrectdsar With hefer(AreMidONNEAS m@t. MWEDTA;, 5nM
Tri s- HCl pH_7.4%. Fertilized ooeytes.froanVB i nbred m ce (Taconi ¢ Farns
inc. ; SIFFPHE dbe PHEPYRRYICE: Barsd ok AgaiTeri@miY cFoF hj ds GredoldY AGSE 1AM daPEeT

t echni ques,4,56¢€ g?gﬁﬂ ar ' id t he mouse enbryo: A
Iaborator??rnanﬁa , %%F@“%gPfﬁgoﬁggggpy&ﬁ%h?%ﬁs6). Surviving enbryos were
then inplanted into the oviducts of CD1L (Charles R ver Laboratories, Inc.,
W m ng " 5Hfoste .nogher§ ccgrd%ng to procedu%es in H%gan ei al

Tr ansgert &S HREAIARERR A58 e nt P NEHDHY BDRINSH 8¢k BEKhYEes TR MgOBNA

hgol at edicframy adividualos MUse bkl HNABR28 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



human gastrin exon 2 probe labelled with 32 dCTP by random primng. F1 m ce
and their siblings were simlarly identified. Honbzygous MI-42 m ce
containing the MI-TGa transgene derived froma CD-i )o nouse strain
(Jhappan, supra) were crossed with heterozygotic I NSGAS m ce. After

weani ng, the offspring were placed on acidified 50MM ZnC, as previously
described in order to induce the netallothionein pronoter (Jhappan, supra).
No them Bl ot Hvbridiz ation Assail. For Northern analysis, total RNA was
extracted from 15 tissues by the nethod qgf Cai hala or al, DNA 2:329-335
(1983). Sanples of 20g of total RNA were resolved on a 1% agarose

denat ur i mgd gl asand Bis ansfiefgoestofies ni | Cub osg; tdi.ged
with 32P | abgl I zagld(TG: a ribopr gbless’r%%rﬁg%%ntgb‘o?gﬁ%lﬁgﬁﬁg%g%}?% t “g% uﬁ?%&eﬁgté
cr 0ss- hybrdudilizete wh taHI @ Aidpgenciusnmoisa ygastdi meaBNA cdifpdiephiviien Y TGF- for
radi oi rnmunassav of Gastrin. Tissues were extracted and assayed for gastrin
i munor edeging oy doyidrpidsol dhviimoddsay raseddesiori BedC peravinous] yt J$ing (Bntfrdody
2604 vvhifi?.h,[i S Se{)a??é fiG.for biologically active Ctermnally am dated
gastrin 717 &PFastrin i oi mmunoassay as described in Rehfeld, J.F., Scand.
J.sdin. Lab: brvest. 30:361-368 (1972). Tyrosine nonoi odi nated human
gastrin 17 tracer was used in all assays and synthetic human gastrin 17 5
was usedBlRedd{ilateiadaBldod R&posd & aRaldicoinmed reahsis pyerof ve TiSEhafas thsssuesr iB G T
frozen in Ii'dguid nitrg{ﬁetﬂb ground to a powder with nortar and pestle, and
subj ect et PO Y ¥R O%xt ract i on as described in Todaro, GJ. ei al,
Proc. Nail. Acad. Sci. (USA), 77:5258-5262 (1980). Extracts were U
reconstituted with water, and protein concentrations determned with a
Coonmssi Eishiaimsdye Air@lyshi néli Ay @sisayea(Bsim<d Radie laaborlatvare esrifided au) @sncres) .

Al jquots from t;@“ﬁaﬂcreata wera%atgsted in duplicate in a TGF-a

r dtli oi nr IHOAS s ay e R OB NS5 AN dX &TRH2f 116 RERAF TR A Ve rgs BIeURhouhiNAdi ng t o
a solid- r j M Al ' - Kas =
RRET o C VRGBT i ol b el b R B
det er m ned eistledetafmertiover Bhghfrofaspanagpaar sahples (h PGHT weby raglidig alsevaki dase
rsrgz:??lgl c éxisuz)lﬁl% lklgrlsz}g(:urlégeg@n%l Xe?érﬁieﬁ&a}epgnfggquogts ?a%grrll fgrt [l)Jr%Ye’in %Q[eerrglnnlatr{gA ‘gmgver ©

the homogenate subjected to acid/ethanol extraction prior to insulin determination by RIA.

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.



U 4" renoved. Small biopsies were taken from separate representative sites
t hroughout the pancreas and i medi ately snap-frozen in liquid nitrogen for

i mrunohi st ochem stry, protein, and insulin determ nations. Snap-frozen
pancreatic sanples (n = 5) were rapidly thawed, disrupted ultrasonically in
dei oni zed water and aliquots taken for protein determnation and the
honogenat e subj ected to acid/ ethanol extraction prior to insulin
determnation by RIA 5 Histol ogical Analysjl.. The pancreata were renoved,
wei ghed, simlarly oriented in cassettes, fixed in Bouin's solution and
enbedded i Ropalaning Yopbawentdsonkie praovedohese oTidgsedPrepariatr otahcdlismyvas
nohi sl ochem st. . Freshly excised pancrea wer.e di ssected, 3 ¢l eared.of

and | ynph AOULEACY U588 ‘?{%P%%WWEP gi%@P@ng%ﬂ?&dtIHZ‘%?{@@ﬁbéa&df%%B’éf’é&fi]%i%l-
for sectiont nmE3ROU NG SHE! i ' ' Ln
according to gtanz;?% ne%ﬁ%gg?ﬂggﬂﬁggéﬁ%%h@?g%%%&?Pgﬁﬁ§§8F¥$%%xaggwﬁgﬁ%

MI- TGF- a ( MFEi4R) evarprshyerfiadd mias scoved esingrmhpsinaioneidr £an. i As uhbiasddohexaskneric
the effect of TG~ er - ex reSﬁi n.on islet devel opnent. Insulin positive
cell% in Téﬁ(i@%lqnn%‘ﬂ%eg S Wt apie isge%ti%?&lﬂé%m\ﬂé%g% agﬁlﬁiSf%gédmca@Pﬁ@r- Intercepts

i rnmunoper gxi,dags, StakRi pg, SﬁEIQQZm%!hgio%QI:,'o'th{E?fE)bbﬂﬁlégfi& eI IR 0 give e
Eureka, MO); a pre-inmrune guine ig serumwas used as a control.

| r nmunohi stodhmmcstiry awas penfromomdf MP0poiumanaf OB Mesdctky aasainallyh@osen using
per oxi dase/ anti per oxi dase met hod of Sternberger using a_ nonoclonal rabbit

ant i gast ri HCa4HOHYOMEEE), Weter B gacach bRek, Wit ife ¢ sl brhensisiopyme being e
(1979)  NY: _\\ 104-17 - -1 i i r i CS. . relative
Vol it of Toreras! Har ooy e LR dr Sl by M b BE RN b e R S T
poiimt - countbsoguiretlradadescikiebedad taiMhabelas e Rlaticablet nYestd gmes paictalic Vit
(1963). At magni fication of 400x, starting at_ a random point at one corner
of the secttfohrtceldry eé?he@”‘falc’éflﬁ[%as]%é?%dlﬁgﬁ hPe8)-25 point ocul ar grid.
An unbi ased but systematic 5 selection of fields was acconplished using the
mar ki ngs of the stage microneter. Intercepts over blood vessels, fat,
ducts, | ynPhinodesAnadysid. nDefftrehedsdiens@acee wereersWintipaed & thrt Yo gfiven Whig:re et al
pancreatic area. A mninmumof 5000 points in 108 fields (systematically
chosen usi RYNE thieSidafes hicst bramnpayeddda counted in each bl ock, with the
relative islet volune being the nunmber of intercepts over islet tissue

di vided by the nunber over pancreatic tissue. The

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

R

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



10 absolute islet mass or islets was calculated as the relative islet volune
times pancreatic weight. See, Lee, H C, er al, Endocrinol ogy,

124: 1571- 1575 (1989). Statistical Analysis. Differences between neans were
conpared for significant differences using the Student's t test for
unpaired data. t5 EXAMPLE | Assay For Insulin Production in "FG- Trans n
Pancreas | rrununoperoxi dase stai ning showed nunerous insulin staining cells
in the netaplastic ducts fromthe TG-atransgeni c pancreas (Figure |A),
whereas insulin staining cells were virtually absent fromthe

non- t r anggeitLe dY¢ Hpoirk lcessitehdbrfomeMcs When 1atmd easty HOOndwctul & n = 5) in
cells/animal were scored at a final magnification of 400x, insulin positive
cel I s wethe Beken, atnkenicriequencyorapabd @ 1193 Dg9%6-(h4& (5)= bhndheraneteapl Asé¢r
duct-Liles of TG-a, transgenic mce. Cccasional ducmar cells stained with
the sane™fiffensity of insulin staining as the adjacent islets, but nost had
| ess i ntense ai ny (Figure 1B). The l.ow |l evel of insulin staining of the
3s ducrul ar cZ%)Ps’s‘nlrde?g@gyﬁgréex?ﬁeﬁfI)ngaT(ff‘reocilgdﬁof Fé?céﬁfainéltnga LASE reported in

t he ductsroeddiifbendereldopi &dis ipaneneasterPhgdied isidks. and Wplies Rl t gk, »
Devel opnent of the enbryonic endocrine pancreas, in Endocrinol ogy, Handbook
of Physi difieggntiag@dn rpudres @tleepgaand HsBit fAors o odh]( AAZ2)as AfEIGIG-gnransgenic

Physi ol ogi.cal _Soci elg_%: WAs hi ggton, . P C.. 25-66: and Alpert, S et al _Cell.

53: 295- 3B8°S( 19885 IISTRNAGPN ol FEYPH EIFHbIaSICHE A BEG RO FbTC BT T4 hSdsi ti ve
cells in p ' - he i : 0, TG L C
i ce.vas ot e eaes e g s R B e e R P ARRE Ny
nmor phoneperi@s wasong. thd fagors/exp2s&dl igneade vidlopise isldls aredthe igasiréine st -@ptides,
transgeni c pancreas conpared to 1.93 ng +/- 0.46 (n = 6) non transgenic
|#1%ter &t8SUTPhus. TGF-a over-expression alone did not effect transition
of these 5 protodifferentiated duct cells into fully differentiated islets.
This inplies that islet differentiation requires other factors absent from
the adult pancreas of TGF-a transgeniBXAMRE: 2Si nce differentiation of
protodifferentiated islet precursors occurs during late fetal devel opment,
factors regul ati ng t FRBSERYRERA! ROEHSEPD ST RIE I Deker eSERHEIEN sl et s

during this T examine the possible role of gastrin in regulating islet differentiation, transgenic

15 mice were created that express a chimeric mnsulin 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 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, 81:4662-46606
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,



period. Anpong the factors expressed in the developing islets are the
gastroi ntestinal peptides, to the gastrins_ EXAMPLE 2 Pancreanc Gastrin
Expression fromthe | NSCZAS Transgene To exani ne the possible role of
gastrin in regulating islet differentiation, transgenic 15 nmice were
created that express a chineric insulin pronoter-gastrin (1NSGAS) transgene
in which the insulin pronoter directs pancreas specific expression of the
gastrin transgene (Figure 2A). Unlike thg gastrin gene, insulin gene
expression is not swtched off after birth. Thus, the I NSGAS transgene
results t ersl, S c i 1.0n: 4 - - . )0 =
The | NSGAL T BnGaens comri sa S0 Bo oy 2o R FRi ey FRFr et

non- codi mgmirexar gafirtnhe rat insulin | gene. Cordell, P., er al, Cel
18:533-543 (1979). It was ligated to a Ban-LIT |-EcoR fragnment containing
1.5 kb i ntronBelagsl PLes LaS AN PresiannEOmURAANGESY ¥ UANSIgen & auePed Vethbbdes

the prep i i r /.borg, 0. t al. Pr tl. Acad.
sci . usat B0 PE Bl M BRI It Sk Ll wBhoflen T REH “si “Ooa
8154662- 4666 Nofth88AblotsPofARE AKR0IaNICAST dig@ e tiswas dfsplvatieddandGAS

mcroinjecred into inbred FVB, one cell nouse enbryos. Hogan, B. et 01,

Mani pul atfRRgeniieniep rsec dirbridized &vithabbrae b eys aneidin, 2 p(obgs ey igive @l df Sistiihg
Har bor . strin j tivi in pancreati.c and stomach racts from
transgent Erand RO anapani e ired RS PaERA B Al PaaBimitas et bsing

anti ser asp26( {oRehy Bhelan #aétriﬁtgeﬂé;, n@Bybriiamebn & se€hiif andk@RNAHESISGAS and
30: 361-368 (1972)) Iggeci ic for the bioactive amdated C term nusof

gasg“i\n. n@etrangepic KPBanice ¢xpeess high lexpe @ shwmd gammp e INNSEASIof aNeganey (as
ohserved based. on in-unu ining of. pancreatic tissue ith a gastrin

no oc|ona?“éﬁiFﬁ%&??“éyﬂB3?@%?%§Eﬁg%§“8ﬁn ?P§6%&P§%i?f§ﬁﬁgﬁf¥5}ent ti ssues
of 8 weekn@ldodeNHAS thal ARSHEMeCodTHEEYRESR ANBE IgdbiZR MM kX RETBMRoGASE T i N
exon 2 probe. High lI'evels of gastrin transgene nmRNA were seen in the

pancr easeisifigenots priaayert degurei FYuelo grkiryg probeoliegctigpeeis dasedtat int prnchagian

gastrin O Sets gpnprxgghsdée%%tgo%?roil %nigg?ﬁgixrr«]e fIgl)t. ' %Ihe gyspt\ri%fraclii%llsm%§ngar§gay is specific
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



non-transgeni c FVB m ce express high levels of nmurine gastrin tnRNA

Radi oi nmunoassay of pancreatic extracts from | NSGAS transgenic m ce showed
hi gh levels of gastrin irntnunoreactivity that exceed the gastrin content
in the gastric atrium expressed fromthe endogenous nurine gene (Figure
2B). No gastrin imunoreactivity was detected in pancreatic extracts of
non-transgenic control mce (Figure 2B). The gastrin radi ol nmunoassay is
specific for carboxy am dated precursors,?indicating that the gastrin
peptide precursor is efficiently 15 processed post-translationaily to the
bi oact i veaipeptilde, threengnonphios tocherisbred with hqavgast FVH/Chdrovlirogaletiant i body
shows pancreatic beta islet cell specific expression of gastrin. Al though
t he | NSGASGHEEHEYE NP - R EERRFRIG BQBr@wgfﬁnﬁ@ngg@gtami&Nisﬁ?wécﬁostdﬁab@

pancreas (rgﬁs%léﬁx%sz @1 gﬁgﬁ‘[e%‘loyﬁ%%r&xrc@%ggga%ecéngﬁggg}?\g Zgl Cra?%RiJeCétk?iﬁgtaé)g.ogy 17

identical to~ contro mass as quanti Oi At- Coun

nor phomet wiegiss ¢Viebele, anfmRs, widlza2@Beed Meskifnctds 3dovk8Fof &&@d%icms
identical in 5-6 week old INSGAS mce (1.78 --/- 0.21 ng, n = 11) and age
mat éhed noveltatams gém parcogusrfods AL pdamd INSQASBRGT -y mecellidd siffhlas grossust ai ned
expression of gastrin in the postnatal pancreas al one does not stipulate
islet cel WOF@?@gwlﬁal @BCWWLE@‘”F’S&P@PH FOBPATH RLTBAS OF tﬁeewfh&ﬁg}ger@mmlr\ls
, AS Pancr i ti i r. trj I i e ' ion
by ot her BBaen ek o ebiEe o o T BT BES BB TR AR E g p i

Ther ef or emegffre¢ bs Ndru@as bidtdinslys Ui iR sWeWE) arkit BidtRhiinuidasayt rarsgeni ¢
m ce which have netaplastic ducts that contain insulin expressing 30 cells
resenbl i ngaprotodl 6Fer enmuacedcie! ptpipedewisers. 178 -assessl 1Hi@ it Srdogi on
bet ween gastrin_ 23 an hree grqups of mce were bred with

d TG-a,.
eqdpvalenP“@VBK&ﬁ@“SfF&ﬂ%)ﬁ@Wéﬂ%&FTb%%%HV dfds! ChonMiteanseni e tont rol . TGF
a single rrans 1:C - | g i r
o i ce ver o prachd EnEoMM InG o B PerRa RS ot MR T g upe
t he ani maksouperog rsiac kiuliied gd : ANG A ASY Tioahgr eas- VMY edordtasls;ndrst Ol OGireg) were
eval uation. The pancreas from TGF-a and | NSGAS/ TG--a mi ce had sim|ar gross
mor phol ogiedk. dppdaranted:Clr-espdniceass haflisomeamescd npacesed miucbialr @spless the

sl i TR RRLISle, BARSEEARe TR RXRLAPSIOON MR e BaRE il TSEidy and
IS 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



measured by Northern blot analysis (data nor shown) and by radi oi munoassay.
The pancreatic TG--a i nmunoreactive peptide levels were 12.2 +/- | and 18.9
+/- 8ng/ng "tea o protein (Mean +/- SD) in the TG--a and | NSGAS/ TGF-a ni ce,
respectively. Light mcrographs of hematoxylin stained paraffin sections of
pancreas fromthe three groups of mce studied (A I NSGAS/ TG--a; B: FVB/ CDl
controls; and C. TGF-0,) were nade. The | NSGAS/ TGP-a pancreas had sone
areas of increased ducrular conplexes and ,slightly increased interstitial
cellularity; the field shown (Figure 3A) had the nost severely s abnornma

nor phol 0QY,.3@&1EatiBnt (R dntiVesRNbAB)aS (coIPSH v@th&uﬂ‘%v@ﬁﬂ?r G8S S of ducrules oy islets

i ndi stingui shable fromcontrols (Figure 3B). In contrast, the field of
TGF-c, pamreseaku{dFiqgby en8@)lywasht ygpecad volamg ahiowedninkeg'si renereatic tieaght. To
cellularity and fibrosis conbined with florid ductular nmetaplasia described
by JhappafRCEpalyge diffgrima mepRhere ateighigade mass syaergiestddeas 18/2ioEB raeslsl: wres!ts

TGF-a to inc e |j S " --~inhibit the ductul ar t apl.asi. a
nduced byt ren aa SRR R B 5 Ry the bR dodE  RRrR. SRR Gy
mce (TGPya)k aMosh heterozygotic | NSGAS mice gave offspring that were either
het er ozygotic TG--a single transgenic or double transgeni c containing both

| NSGAS and TGF-Ixpresansgengstr{n NSGASE TSEGA)S trShspeae FdGCAS tiwed e tHYBrstapddsm and
TGF-a were CDI strain, TG--a honobzygotes and CD1 controls ﬁCC]\l) were both
mat ed 25 GRE§ARYBI 66 -@osdueerBYRNCDR §1 maicks.bae lbgreaties Risroledy ofttheee groups

of mce. treated with 50r ML z from3 weeks until sacrifjice at
oo 17 welk SO AN T baar L T2 DRSO BN C b Gl CSRRPT By T by ot
casset tes,fixed j{p)eBp@i:n' ﬁlic,%o(IFlf'%errB nd enbedded in paraffin. One random
sectiren from each ani mal dvas used to6 quantitate the relative vol umes of

dugbul es and i stigt svaldyopidd GO UMriRg; F0f R emek rdue s {MBhREh 1 hETRE- 4 L2l

I nvesrig., 12:131-155 30 (1963)). At |east 2000 points over tissue were

count ed asNSat/et/dét-g winsgerBOmpad #mtd gpeildvBIC12 7 0xn24d]s gl ft- @aniiog ynarhpometrics

entire section was covered wi thout over| a&.F The mass _of ducrules or islets
\%

was cal culBEEE B miFEIgisHy thiestel ard Velvelne: HiCARel ahrampnageas also
pancreat | %{%ﬁ&%‘?ﬁw i &ea&%&ﬁ?ksh%%&? fehERE (BN DA WEL GRS  hENS, MBSSHYas
g/'g t. ts ‘a

expr essed body wel g Resu re nean and standard errors for 5-6
ani mal s i RuRarh ifdiresRdasy JekekithRedhdYGotydettaseid rh@gtnes 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.



5 (p < 0.05). Expression of gastrin fromthe | NSGAS transgene reduced the
ductul ar netaplasia caused by TG--a, over-expression. At 17 weeks, the
pancreatic histology of the |INSGAS/ TGF-a nmice (Figure 3A) resenbled that of
the control pancreas (Figure 3B) nore than that of theTG--a trice (Figure
3C). n This was confirmed by quantitating pancreatic ductular nmass in the
TGF-wand | NSGAS/ TG--a transgenic mce and the FVB/ CD1 controls by

poi nt - counti ng i norphonetrics (Figure 4A) 2 Co-expression of gastrin and
TGF-a in the | NSGAS/ TG--a pancreas also significantly increased the islet
mass conpared to controls (Figure 4B), whereas islet nass was not increased
by expres t he astrin transgenes .al one. ood gl ucose u
concentraﬁ?KmPag% nog%gFénlfﬁggﬁ?laCQFPVE?QHgSéW%Hﬁn?HEQF%7é§$dW8ups of

mce, LXAMPI E44 E gdgi@fert@i0 sane Rsiden RePansieat ¢ dhyxsul i n Cont ent
in Normal Rats This experinent was de5|gned to study the effects on
pancreatic insulin content in non- ;o - diabetic animals treated with

TGF-a, , t , TGF- d tri d t
St S RN ol TP Pt R o R

assi gned to one of the follow ng four treatnent groups. Goup I: TG-a
reconbi nant Human TGP-a was reconstituted in sterile saline .5 containing
0. 1% BSA and waét atnindi st tbe sthdy.ppriodt(l@delog palobnihads pavedayrififalr artiOsadegyss of
Goup Il: Gstrin: sy nth?tlc Rat Gastrin | was dissolved in very dil ut
armoni um waw@ﬁ.ta@na@ﬁcfolr%%n&vﬁbe%aj SPRFIDERY (1-€ TR 4T HBNTERH IR YY GBS 12K
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C}oup III rrn: a conblnatlon 0 ove arations was
adnum|stenadogmpfmaﬁmhhg<ﬂosanheuﬁk@nguv@mnab@MQfﬁana&ﬂmdmysua&amnnxiﬁdsnap
Cont r ol anlnals received an i.p. injection of vehicle alone for 10 days. At
the end ofT¢%#& &%ﬂﬁwnﬁéamaﬁsmﬁﬁe dwgl)y thaved. s valcd uBREnKEalY it ij’éé‘He%Wé[er and
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pancr eatic tqi sSsue were
radioimmmunoassay (Green er al, (1983) Diabetes 32:685-690). Pancreatic insulin content

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

using Student’s 2-sample -test.

Table 1

Treatment of Normal Rats with TGF-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



from separate representative sites in each rat pancreas and i nmedi ately snap
frozen in liquid 10 nitrogen for analysis of insulin content. For analysis
of pancreatic insulin content, the snap frozen pancreatic sanples were
rapidly thawed, disrupted ultrasonically in distilled water and aliquots
taken for protein determ nation and aci d/ ethanol extraction prior to insulin
radi oi nmunoassay (Green et al, (1983) D abetes 32:685-690). Pancreatic
insulin content values were corrected accswding to protein content and
finally expressed as pg insulin/nmg 15 pancreatic protein. Al val ues

cal cul at edpp®xMBaBlythree SoNTinaRdscSh dhh &t ccins S0P ftk AR newA Bt @0 s g,
Student's 2-sanple t-test. Table | Treatnent of Normal Rats with TG--(x and
Gastrin Thesa eensuRenctheaypehemsiki the Combemnation (of TGSt dnd/ gwgtrpr diteeipm)duce an

Control 20.6+4/-6.Q TGF-a 30.4+/-7.4* Gastrin 51.4-i-/-14.0** TG--a +
Gastrin 60765°¢8" g“ﬁ*ﬁ%%la e Yot ﬂﬂs,m‘ﬁeésedgﬂ?ct@agpw?rﬁlw;ldmon of B~
convol , p=Q. 41 SRMRINALLOR 90 A0 GRS LD by Berh Shawn, i n
Tabl e 1, at%ovg?&ganggegti ce?{lgﬁﬁﬁ?ont gga?] L\g/vas“grg%ﬂﬁppggﬁgfvé%n@geasgd (p =
25 6. 007) individnel FFGEBH®. + gastrin treated aninmals as conpared to control
animals; 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 conbi nati on of TFCErgAWL}g%stri n does produce an

increase in the functional islet p-cel = This increase reflects an
overal | condition of fFffeeebf ChypRaRbasi aGEiNerLaRerinoPURes)icr at her than
p-cell hypertrophy (increase in size of 5 individual p-cells). EXAWMPLE 5
Ef f ect™of Conbination of TGF- axisahe Ccatent imDibePadmimalsi

4

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

g

and gastrin could increase pancreatic insulin content in diabetic animals (streptozotocin (STZ)
treated) to levels comparable to those in normal (non-STZ treated) amimals.
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



Insulin Content in D abetic Animals 10 The second experinment was designed to
determ ne whet her the conbination of TG-a and gastrin could increase
pancreatic insulin content in diabetic aninmals (streptozotocin(STZ)
treated) to | evels conparable to those in normal (non-STZ treated) animals.
Normal 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
animals were rendered diabetic 15 but that?they retained a functioni ng but
reduced p-cell mass. The STZ was di ssol ved i nmedi ately before admi nistration
inice-cold 10 tnMcitric acid buffer. Thebrm mals were nonitored daily;
persi stent di abetes was Indlgated by glycoignla and conflgned by non-fasting
| r X 3 ] o o

bl ood gl ucose det er ni A&ERS e A , rats
were randomy allocated into two groups (R, = 6) 0l. 1 a,-,. Goup
1: TGF-a+ Gastrin: STZ diabetic rats were E?%ﬁéiﬁﬁgﬁﬁﬁh%ggﬁ%gg . p.
injection of a conbingtrepmedt r econbi nant hu PEEEDADS RECEMt het i ¢ rat
Gastrin |; both preparations were administered at a dose of 0.8 giday for
10 days. 25 G oup Il @gg; plsTAl4, 8 abetic ,eceived an i.p. injection
of vehicle alone for 1 ! é!s Atn%he end OPQk%e Study period, all animls

were sacrificed and sa@ﬁEﬂSuDTCEa@eﬂEﬁ&ntake@6&nd8Eﬁnalyzed as described in
Exanple 4 and the results are given in Table 2. i0 27 Table 2 Treatnent of
Streprozotocin Rats with TG a and Gastrin Pancreatic Insulin Cbntent (g

s . proL ) TG SN T2 290005 82 et ST B e
and Jp‘\rgdu@i%glre@ ofmgdesratyec A ToisitiabIRMpaenia 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



Sdegree of hyperglycem a. Total insnlinopaenia was not sought so as to
ensure that the study animals retained a functioning, but reduced ~-cell
mass. As shown in Table 2, above, the pancreatic insulin content of the
control streptozotocin treated aninmals was | ess than one third that of
normal rats (20.6 = 6.0 ng insulin/ng protein, see Table 1 above) as a
result of destruction of (3-cells by the STZ. In STZ aninmals treated with a
10 conbination of TG-a and gastrin, the patfcreatic insulin content was nore
than four-fold that of the animals which received STZ al one, and

st ati sti cadrdyr tohmstabdivk tha thikansubh rorsaektedang [DicabetleB GET tdstsusere pedodhskase
in which the Bj;derla/ %:; Eéflo 0 cal def ect 'is a defici enci( of [3-cells as
a result efther "SFarFELenad “8?1566 efar?éef@sc@’@ Toverersrigmned fdHaves pr @&@@3%%
or of ex t e t

oti mul at 1 on from B o 1S oy cur e A dar N b et S S Sy Fu Gt

event ual | yadr&mdﬁrahona)fsmthbagimase\nhﬁnu@ma Pioeess Do batycedibht. MaBeNalucand/ or
repl acenent is conprom sed fto the extent that there is an overall [oss of
(3-cel s SRETan st a5t ogaes éf‘a%ké)"Fn Thpelqodsaingose kgl erire mitanen peiicitiedys .

The above atian_of nd _gastri.n

be used togrt% 'rﬁgé %ts%m g %Zﬁ%ﬂ%égl uIca f]ﬁ?rea{aratﬁ%(%@ﬁaftfa & %@”ré?%f B “&Qﬁg
to rest or eglibéscivasidsi(ReLPigt SNts 6dmpdied RAKGH@ASatE & F00BO Hindbebirgin. FBNRliSe the i.p.
EXAMPLE 6 Effects of TG--a and Gastrin on IPGIT in STZ | nduced Di abeti ¢

Ani mal s T&wcwdaﬁ (average body wei ght 103g) of STZ induced diabetic
Wstar rats (n =5 6/group) were treated for 10 days with a daily i _p.
injection of either a combination of TGF-a and gastrin or PBS. Fasting

bl opgd gl ucose was deternined for all ratsapmdays 0, 6, and 10. In 28 order
to establish that this |nsuI|n was secretea ana functional, H GIT tests were
performed. At day 10.. ChteetapdriGlonaal (g -2t Eiairestds (1 PGIT) were
performed foll ow ng an over ni ht. ast . Bl od ) | es were obtained fromthe
tail vein, before and 30, 60 A ne stration of an

i -p. glucose Inzegﬁérqatsaxzereo%%dcm@ d9§ma%@q¥pmar9mly 1Bl fBO&JayQ POPRE O
determ nations were perforned as above.” The "bl ood gl ucose | evél g wer e

sim | ar i nddstdpostrudy Obgfrltyurﬁesaies tthermalﬁ):tm;nronﬁéud%ﬁeatafgdnglast fd/fe, buteaired

rats denonstrated a uction,in. bl ao | ucose .val ues (see Fig. ;. as
conpar ed t'GCEBh r’BPtaflé?fls{ ORPSYY 2aHdIaBHgs )1 “%ﬂ?-dr%%ﬁﬁwaﬁﬁégim%& +E‘Q) 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 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-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 prefreatment, 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-¢ +



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 bel ow. The rats
were nonitored daily for devel opnment of obesity and di abetes by determ ning
body wei ght and bl ood gl ucose. The onset of%di abetes in Zucker rats usually
started between days 45-50 and was confirnmed by a significant increase in

bl ood gl ugesenvesebishoasfieonpan@tha ocidhe ghiay eV shinreragemes iehigdvdi gargain was
controls. 27 The study included 5 groups of 5 rats each as described in
Tabl e 3. @FUpa P 2liHE ZX'QWréan, non- dlabetlc) were treated with a TGF-a and
gastrin conbi naltltoé}fe%'i OIE)%%IF ESQS%%S r1n Xat %{no @/stlngé)&o(%ddg}ﬁc? 1%1?‘; (é? se%ucger

and 5 included ese, early rats

recei ved aae Qv doatgapet Qfﬂier@aﬁe@ﬁ(ﬁﬁdnﬂg)PB$5:oﬂﬁM§ (Eaying HRoddog) d@ée&)asmﬂspr to
onset of diabetes and continuing post onset of di abefes for 10 additi onal
days (day s@nifocaddy id@raseGripupaydlvés 0250 toreatsed +vid. 2 hamd dosrbing gioiro nw ofchiDGRr &
and gastrin for 10 days after onset of diabetes and Goup 5 was treated
with PBS oWetaftHe dapdor Neel héd seatmant Pwdewah&?GEme+sewyn of Wéthr%@%cmf%

sacrifice and ancr eas renoved. . S Si es aken f

separ at o FES BB DEVETERY BT oSt aN Ry RGEG 6 nat T Ohereawmen:
descri bed ;ahgvess Thehody) doR! | Ghosg@ahRel Kbe?é)?o%?er% ahel .6 cEMpKRE b %B@sevﬁntirlﬂals
pretreatnment, treatnent on y or 30 with saline (d oups 3, 4, and Tabl e
3) di d notwishiow ampt shgnivkrecaerted infithehe geestharong ®mw1thg>rB:ﬁJps | t | s
|nterest|ng to note that even prolonged treatnent (25 days, group 3) with
TGF-a + 29 gastrin was without effect on normal weight gain. Wthin error
limts body weight gain was identical in all the groups. The effect of TGF
a + gastrin treatnment on fasting blood glucose in the obese Zucker rats was
conpared to the corresponding PBS controls. Fasting bl ood glucose was first
5 significantly increased by day 15 (4.0 0.6 vs. 5.0 0.2) and this tine
poi nt was chosen as

ST
g



the starting tine for the 10-day treatnment period with TGF-a + gastrin or
with PBS control. Fasting blood glucose levels were not significantly
altered by the TGF a + gastrin treatnent or by PBS. Fasting bl ood gl ucose
values were lower in |ean, as conpared to obese animals whether or not they
were treated with the gromh factors or with PBS. so ~f o +i c ti +i ti q G
N O~ U-=~2z2z) CG tl ~palUUV VUCQ QO W rJrdJm COOCti ;J
Uc NaOOC O N O 0O 0031 The results of treatment with TG--a and
gastrin in the Zucker rat nodel of Type 2 diabet es showed no significant
differences in blood glucose | evels between Inc treatnment and control
groups, probably reflecting the transient hypoglycemc effect follow ng a

pr ol onged

1
3UD — Ny © ™
't,] o] — e
5 o A
o] ~ o o O
O = — — O XN
)
©
—
_ E
TN, =
[ © o o o %
Nl
e O Z 2z
w
jan)
o,
U
- >
= &
N~
= B gogog
3 = — —
E+l® £+‘,—§+O
(5] — ]
= A E
ot
j
O O
SIS e e B
P B e B S S S
v L O H O
o Lo 3 s
ke S 95 D55
= T o e
= | e v R
= O O ®© © «
s 8 c 0 O 0 oD
Lo £ £ 9 Jd J
s T < B Y9
LY 5 5 0o
o O ©
w
S‘: + - 88 &
g 12££¢g
[o)
O ++L+—<Q-<u_‘
)

4.
5

ol o0

Group
|



period (18 hrs) of fasting. The inmmunohi stochem cal studies reveal ed
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
animal s. These findings denonstrated an increase in single p-cells in adult
rat pancreas following treatnment with TGF-a and gastrin. Interestingly, such
single p- cell foci are not commonly seen i,n adult (unstinulated) rat
pancreas. These findi ngs support a therapeutlc role for TGF-a and gastrin

in Type 1 and T i abetes sinc at ne is 10 t ted at t I
neogenesi s and’fgbﬁﬁ%gi?PﬁeaqﬁBKb?gg&if ﬂ?“%ﬁl?éh%%ggﬁrrﬁlﬁafﬁ Eﬁgpe%

st udi es WhJQﬂn&QﬁBQ§EH%RﬁQnH&HE@Q%§eh&%qhhfbmﬁ&%h@&ﬁﬁv&?%%@n&ﬂtﬁ@ﬁemrmnlmm
TG a-i nduced netapl asti ¢ ductules. The |ow | evel exocrine and endocrine
gene exprasmnohannmsmﬁobdbapbﬁ&nn@tﬂuomahemdhk@ghesembbﬁdxﬁhhmwm@zapnﬂongﬁ

protodifferenti d 15 ductal_cells seen in the early sta e of fetal
pancr eat | P4&Y éﬁ%ﬁa&%rﬂ?‘ fafnimgnaﬁeowuam@?t@f%ﬂmle%ﬂe%lj@ﬁééwﬁ R st sirases in

prot f erati,on AR, g GHL0L! GhOM Lo thERE Rl pALL eent abed WU hriats

expreSS|ng ce ogi cal ested as et’s” appear

bud from theonpaped @aadnﬁoﬁuﬁh%ls( negtdi i ast @shSdsirakdy émc}\éll{sél?n sf%ﬁqu ce] Is in

transgenic mce, ducrular netaplasia was not seen in the inmmedi ate

post - nat al adpériaoganchess fohdyinatirekimeaksitiofl @ge. anthgssuindiaateesngly hatchTagle g-
over - expreSS|on i nduced insulin expression in duct epithelia rather than

pr ol ongi ng¢ltike fﬁérrs@i seapalofecndp é@”lbr(‘éfésd%i“éd)f BURNE T2 ef BSCHHNERESatPROT! 2

duct s, A'ttﬁﬁ%g&[t he afd;€5tand gas't'flCtm %‘épg?r‘:}n%' Ned ?%”%E[%‘sj%dcé‘%‘é' ieflent is

L1111
pOSItlIVG ce e IS he a‘trans enlc mce ot

'nCK@asedt@ﬁﬁhd%UH&P Sell ThEg é&ﬂghﬁﬁréﬁmgﬁkﬁd above dennnstrate that
conplete islet cell neogenesis is reactivated in vivo in mammals in the

duct ul ar eplthellun1of t he adult pancreas by stinulation wth a gastrin/CCK
receptor |igand,, such as gastri

an t.or such
e h %5t udr oo BRE PSR TEa O it K S anege T ér *58?@%%%[% ety g
astrin i [ r
gxpre55|02ﬁ%2§§2%£§ ﬁggé Hﬁ#ﬁhgﬁ%qﬁﬁgﬂ%ggéﬁg fes? -a aﬁﬁkhgiggﬁﬁmggéﬂ
pl ay a roledooring egud @iplrdf‘lgldnSlh&he develspoeintial IﬂlLlSresExelgEﬂehatdfvpeotodlfferemlated

differentiation of residual pluripotent 30 pancreatlc ductal cells |§
mat bt e i nstiGd cebe peninghe et sipgs af (Falmaacivetindavelopele FoatRaf 1ofts

di abet es t@@é&%&Hﬁ)nﬁMﬂ&ﬂ“ﬁf@ﬁﬂk% n&gﬁk?hﬁ&%ﬁ%k@%nQ%mBBkﬁn8@@9&9@%%@&1Hﬁuhn

factors or ositions ovide for their in situ expressi on w th
t he pancrea$uaﬁhgcﬁM@sénthQy@mmnhm15@mﬂ@kskdmsnﬂdmbymtheuﬁwdmmﬁmmntue
enbodi ments descri bed herein. . :

: pancreatic ducts (nesidioblastosis). In the MT-42 TGF-4 transgenic mice, ductular metaplasia
was not seen in the immediate post-natal period, but only at 4 weeks of age. This indicates

2 ( *  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



Modi fications that becone apparent fromthe foregoing description and
acconpanying figures fall wthin the scope of the clains. Various
publications are cited herein, the disclosures of which are incorporated by
reference in their entirety. Claims 1. A kit when used in a nmethod for
treating diabetes in an individual in need thereof, said nethod conprising
adm ni stering to said individual a pharmaceutical conposition consisting
essentially of a gastrin/CCK receptor ligand in an effective anmobunt to
increase pancreatic insulin content in the individual, said kit consisting
essent | a! ! It &Bb&e@&%‘ii%g b)ﬁ the-m@zulﬂctad%ﬁﬁi?trrg'ic?ngoft %1&%&%&%&16’}@8{ ﬁ'cl%r{ Ql‘e amount
of gastrin 1S capable of increasing pancreatic Insulin nore an two fold
conpar ed t e@p&anidiselheh @¥cidel fenthed oG SprdBRnkhithAceOpehdeast 0 claim 1
wherein the effective amount of gastrin will give a dosage range of about
20 to 500 microgranms per kil ogrambody weight in the individual. 4. The kit

according to claimi1, 2 or 3 .wherein.the gastrin is |lyophilized. 5. The kit
according to c|gﬁﬁ@i?*ﬁf”é?“BP“ASRHQPBPﬁIﬁhﬁkgﬁ?fﬁﬁdﬂﬁgﬁﬁnﬁﬂé%F%hﬁﬁﬂﬁem”L
gast ki N 17pnQdifiGadhs ik Becdme HRGateht 1rBECOE dbRY oL (%és@%i_ﬂt‘i@ln ardh acdom@hnying figures

wherein the gastrin is an active gastrin anal 0g. e kit according to
any one of fal aithe thetsoo® whdreeilmnassoci ated with the kit is a notice in a

form prescribed . a governnmental agenpcy.reflecting approval by the agenc

of the nanufac§§¥@PSggghﬁy“gﬁﬁgeﬁﬁgfﬁﬁ%ﬁbﬁ$% ?f@S%EFSE ﬂe‘ncmpomg%q”y
adm ni strati : | cording to any one of clainms 1 to 7 wherein the
di abet es igg?ggggglB?§B§¥ggspTreatnent for D abetes Abstract A kit for
treating diabetes nellitus in a patient in need thereof are provided. The
kit ‘conprising one or nore containers filled with one or nore ingredient
for a pharmaceutical conposition conprising a gastrin receptor |ligand. NO
SUI TABLE FI GURE
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Claims

A kit when used in a method for treating diabetes in an individual in need thereof, said
method comprising administering to said individual a pharmaceutical composition
consisting essentially of a gastrin/CCK receptor ligand in an effective amount to increase

pancreatic insulin content in the individual, said kit consisting essentially of a gastrin.

The kit according to claim 1 wherein the amount of gastrin is capable of increasing

pancreatic insulin more than two fold compared to a carrier or excipient alone.

The kit according to claim 1 wherein the effective amount of gastrin will give a dosage

range of about 20 to 500 micrograms per kilogram body weight in the individual.

The kit according to claim 1, 2 or 3 wherein the gastrin is lyophilized.

The kit according to claim 1, 2, 3, or 4 wherein the gastrin is a gastrin 34, gastrin 17 or

gastrin 8.

The kit according to claim 1, 2, 3, or 4 wherein the gastrin is an active gastrin analog.

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.

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





