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[03] The invention relates to the area of diabetes and beta cell isufficiency. It relates to in

vivo methods for increasing beta cell mass and number by transdifferentiation.
BACKGROUND OF THE INVENTION

[04] It has long been known that B-cell neogenesis, new B-cell formation from non B-cell
precursors, could result in expansion of the B-cell mass (1). Only recently has
induction of B-cell neogenesis received attention as a therapy for diabetes mellitus.
As the wealth of information about B-cell neogenesis increases, general ideals form

~ about the type of tissue and by what means these tissues are involved. Unfortunately,
since B-c.ell neogenesis is a dynamic process, and we can only measim; B-cell mass
once for each subject, it is not easy to measure B-cell neogenesis. The current
hallmark of B-cell neogenesis is endocrine cells budding from ductal structures (2).
From an immunohistochemical position, it is very easy to record and quantify duct
associated [-cell neogenesis. Because of this, less interest has been focused on the

possibility of other pancreatic tissues giving rise to new p-cells.



WO 03/ 057862 PCT/ CA03/00013 [051 The adult pancreas is approxi mately

80- 85% aci nar tissue, 15-20% duct tissue and 1 2% endocrine tissue. Based
on this twelaes®6Yi si on, acinar tissue could potentially IPe€TACABAIGSE Source
of neogenic O-cell. The sanme difficulties exist in determ ning acinar-to-
(3-cell transdifferentiation as neasuring duct-associ ated neogenesis.
However, because islets are not nornmally found proximal to ducts,
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al t hough smal | amounts of ductal epithelial cells, and perhaps islet cells,
such as al pha“e%ﬁﬁFSH‘eta cells may al so be present. Preferably the acinar
cells conprise at |east 50 %

BRIEF SUMMARY OF THE INVENTION

[06] The present invention provides a method for inducing beta cell production in a
mammal. An effective amount of INGAP pentadecapeptide, INGAP protein, or an
active portion thereof, is delivered locally to acinar cells of a mammal. The acinar

cells transdifferentiate and acquire the characteristics of beta cells.

[07] In one of the embodiments of the invention, novel in vitro methods are contemplated
to transdifferentiate non-beta cells of the pancreas into insulin-secreting functional

islets. A small pancreatic tissue sample can be excised from a mammal, such as a
human. The pancreatic tissue would essentially consist of acinar cells (about 80%),
although small amounts of ductal epithelial cells, and perhaps islet cells, such as alpha

and beta cells may also be present. Preferably the acinar cells comprise at least 50 %,

60 %, 60 %, 80 %, 90 %, or 95 % of the cell mass. The tissue sample is then
incubated under appropriate conditions of temperature and humidity in the presence

- of INGAP or INGAP peptide and other necessary physiological growth factors that

may support survival, growth, and differentiation of pancreatic cells.
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60 % 60 % 80 % 90 % or 95 %of the cell mass. The tissue sanple is then
i ncubat ed under appropriate conditions of tenperature and humdity in the
presence wofo3loBiGSP or | NGAP peptide and ot her necessary phrggi@ioogoaal
grow h factors that nmay support survival, growmh, and differentiation of
pancreatic cells. -2 WO 03/057862 PCT/ CAO3/00013 Transdifferentiation may
be nmonitored with routine mcroscopic, histochemcal, and biochem cal
t echni ques to_ascertain the c%nversi oa of non-beta celll %.i n%lo fugct' onal

i )

islets. Once Aranelidareniiaion mayibemoritared withsroujine MIGHpsComey MIPRPIFAL i nal

islets can thgpcRicd tRASHIAND AecertBinGhé cHvEeRN dffoRaRA dfls St fungtiordhdocr i ne
pancreatic transplant. The functional islets wll adapt UE\Q siologjcally

and regul at e étathdMneepaseessBt HBisRl %Hﬂassﬁﬁéchl?"éﬂstb? Byetiona i“AY may
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I mmunosuppressants eit | re or after receiving the transp|ant. BRI EF
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2 shows an el ectron mcrogra acinar/islet tissue from '
hanmst ers. [ 10kromitly. faBorshendora ipinonasnppressaptsa githasf bedvte TetRaftercwegvingtthon i nto
aci nar and endocrine tissues at 2 (left) and 8 weeks (right) foll ow ng
PDO. [11] Fi g.raﬁSpLaﬂbws aci nar and endocrine cell labelling indices from PDO
hansters [12] Fig. 5 shows photom crograph of extra-islet

aci nar-associ ated a-cells [13] Fig. 6A shows extra-islet acinar-associated
R-cell mass from | NGAP peptide treated hansters. Fig. 6B shows total

O-cell mass from | NEARRRERLNSF TiEASRAWIRER! e

[08] Fig. 1 shows a photomicrograph of acinar to endocrine and acinar to duct

differentiation in PDO hamsters.

[09] Fig. 2 shows an electron micrograph of blended acinar/islet tissue from PDO

hamsters.

[10] Fig. 3 shows a photomicrograph of 3H-TdR incorporation into acinar and endocrine

tissues at 2 (left) and 8 weeks (right) following PDO.
[11] Fig. 4 shows acinar and endocrine cell labelling indices from PDO hamsters
[12] Fig. 5 shows photomicrograph of extra-islet acinar-associated (3-cells

[13] Fig. 6A shows extra-islet acinar-associated B-cell mass from INGAP peptide treated
hamsters. Fig. 6B shows total B-cell mass from INGAP peptide treated hamster

DETAILED DESCRIPTION OF THE INVENTION



DETAI LED DESCRI PTI ON OF THE | NVENTI ON -3 WD 03/ 057862 PCT/ CA0O3/ 00013 [ 14J
Previously, it has been considered that | NGAP acts to stinul ate ductal
cells to wofiBesmati ate to becone beta cells. W have now @cgoowened3t hat
| NGAP al so acts, to stinulate acinar cells to transdifferentiate. Since
acinar cells are far nore nunerous that ductal cells, this creates a huge
reservoir for making beta cells. These beta cells can be used inter alia
for tran an j : i e t f.the
treat ed Hodmmt ebiotts, SO 98 Sha0o P YIgheCed MERIER B oot b®cer 1 s
t o | NGAP per nilif®renhate to barbme bttactlls. | Welihevednost discdversd thhn@ﬂGAPca@olastsaas e so
severely disegsed that th a f or tra sdi fferentiation or
whose duct al ge e AR ﬁgelﬁovm{r%nesm(rglft ren{‘lag% gwg? fengr selINERBAr MOIS PEMETOUY 1o o 4
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can obviate so (% pé gﬁ SSQCIat ste C thera i es,
i ncl udi ng met& |u(§e frEenRdd tré?ﬁ!i’ ag[agan. o f ¥1°§“ f‘? ?‘f‘?d SElyFemgsfatus gy
presentlng t hef @p aedtéCmeameedtpeaba.ons of a drug only to the target site,
nlnlnlzlng ef fects upon non-target tlssues t hese problens can be obvi ated
m nim uction..i.n antity ired can als result
| n | ower [fﬁeaM?éerﬂve g ¢ SusceRtipilinpt gHIaE |°8 n[qhg at @ drepgent 8
delivery str atragi®alshaoss tduce e drd &besev@ieny&hwammhatqhe@aﬂw{mefabraffor
cat heter-based a at.ch- based de|ivery devices which apply s directly
to body tissud&s ifegeafigtinon Bhese| pel off a6, O TEPS. B™-TeRBATSIKB P éNg
ot herw se i nagsaess dak % y\,ggngg@aef&%g@rawisemlpk&egsy can be stimulated by
application of radiation or an electrical current or gradient. Catheters

or stent an_al o be ysed to acco sh the I qcalized delivery
Per out andbls. Lefa @8+8yd e rraeirsh cg@ﬁﬁva%tséom O?d]%eear°P5“’é&§?°§W@dl%‘€hl

delivery; prefgtadlikraps ihdth@fd nBlbdlR biARAW M GRel cYfe @Y b#&Hng efficacy.

By presenting therapeutic concentrations of a drug only to the target site, minimizing

effects upon non-target tissues, these problems can be obviated or minimized. The

reduction in quantity of a drug required can also result in lower treatment costs.

[17] Recognition of the advantages for local delivery strategies has stimulated the
development of a number of catheter-based and patch-based delivery devices which
apply drugs directly to body tissues at certain locations, often to sites that would be .
otherwise inaccessible without surgery. Delivery can be stimulated by application of
radiation or an electrical current or gradient. Catheters or stents can also be used to
accomplish the localized delivery. Percutaneous delivery by injection can also be
used to achieve local delivery; preferrably the injection is radiologically guided.
Receptor targeted delivery can also be used for local delivery. Ligands for receptors
on the cells of interest can be attached directly to the therapeutic agent, e.g., INGAP,
or ligands can be attached to a vehicle, such as a liposome, microsphere, or polymer.
Attachment can be covalent or non-covalent. Fusion proteins can be used which
comprise INGAP and a cell specific ligand. Cannulae can also be used for local

. delivery. In some situations, the local delivery can be accomplished intraoperatively,



Receptor targeted delivery can also be used for |ocal delivery. Ligands for
receptors on the cells of interest can be attached directly to the

t her apeutwo @s1862 e.9., INGAP, or |igands can be attachedTi@oa/ovahi cl e,
such as a |iposone, mcrosphere, or polyner. Attachnment can be coval ent or
non- coval ent. Fusion proteins can be used which conprise 1NGAP and a cell
specific ligand. Cannul ae can also be used for local delivery. In sone
situations, the |local delivery ca accompl i shed. i nt raoper.at -4 WO
03/ 057862 PCT. wgmglsdwgm Fa¥‘8&e? E‘etso?f ?‘H%l AR §F it 8?“(,83641{%%{1%/%0%& ot her
sl ow del i very dgni 6 Rithe€Bédyy Iattill bsotheadl esdtiicdchf aidoenpilishing bchivey deliveryst i | |
anot her nethod of acconpli shing |localized.delivery, . an | NGAP xgrtessi on
construct can2pENGAR;HPEEILPNSRICE FA Re admipisigne &}%/‘i;’ﬁéltrlavcaﬁtfqn@@ WCaci nar
cell's but not ;i RiftediRlbut®t iSductal 8i1sAn ul t rasound devi ce can be used to
facilitate local delivery of INGAP. In one exanple, a therapeutic drug

delivery systemfor site-specifjc delivery of. therapeuti l,0ys
mcr osphe[tlgk aplirasosnd idpYieg c3} Pf “i?QGQP&C%{% L"&?‘I QE%iBﬁryt?fgﬁ}%ﬁ?&? %°gas or.
liquid, but pegshiitla Berdpeutie dripl®livédy GyR&h e sas-spaifidadelivery rod diseapelutics

systemcally into a patient's body, such as b i,ntravetpoys ioi}j ection.

I NGAP wi t hi n temploys sreresherce shat are iedr ity NGAF  piclyinsthe for 6,88 F by ough
the use of ul {3500 G.&MY Y¥oligThe ultrasonic energy is directed to the
target area and Causés t e m crospheres to rupture and rel ease the

t herapeutic substance. This nmethod for delivery permis one t‘_;ahecog’trol t he
del i very B8] t Mdicegspherasceans b dnteaduesd systegueally gibicea RAUELFOUP: SHPPLEY, i . e,

the acinar celi s, OfokNERAACTREAP Wit thdTREGEBharts GarPBE Mrpeted RTFmREIAL and
dosage control. M crospheres containing | NGAP. can be adm nl_stﬂ%to a
|

patient and t Hissues Srosghiibe use efantrasenigspsrey ridg WijRsoRig energy, is fifegte ing to
determ ne Vmett?r%@t 58 X CLASRNGE EficPdsphdpdsCRE Rlpnid LAl Nreled® the therapeutic
substance. This method for delivery permits one to control the delivery of therapeutic
substances to a targeted tissue-of-interest, i.e., the acinar cells of the pancreas. This
method also permits temporal and dosage control. Microspheres containing INGAP.
can be administered to a patient and the microspheres can be monitored by, for
example, imaging to determine whether the microspheres are present within the
tissue-of-interest. When present in the proper location, the microspheres can be
ruptured using ultrasound to release the therapeutic substance into the tissue-of-

interest.

[20] The term INGAP is used herein to denote the full INGAP protein, no matter how

' made. The protein can be, e.g., harvested from a mammal or a human or synthesized
in'a recombinant cell. The term INGAP also includes INGAP pentadecapeptide, an
active portion of the full length protein which comprises the amino acids Ile-Gly-Leu-
His-Asp-Pro-Ser-His-Gly-Thr-Leu-Pro-Asn-Gly-Ser (SEQ ID NO:. 1). Other active -
portions of full length INGAP are also contemplated with the meaning of this term. It
i‘s fully expected that active portions will overlap with the pentadecapeptide. But they

may be larger or smaller. It is a matter of routine skill in the art to test candidate



tissue-of-interest. When present in the proper |ocation, the m crospheres
can be ruptured using ultrasound to release the therapeutic substance into
t he ti ssuwoaBAs18aL erest. 1201 The term | NGAP i s used hereipeTi@odeoase t he
full I NGAP protein, no matter how nmade. The protein can be, e.g.,
harvested froma mammal or a human or synthesized in a reconbinant cell
The term | NGAP al so i ncl udes | NGAP pent adecapepti de, an active portion of

the full length roe | g-
H o- Asp- pr o- SEPBRCtGerthe S S e BT hpEa AR AN Sl
active porti @amtgf afeulldno\kreng;t hhd NBAP @ne sikhkoassmntientbk aslwtitywta hindige

meaning of this ected.that active portions wll
overlap with ttWESdHIE‘ﬁ?’ﬁ’GE%?J%ﬁ ‘iféms ﬂ%{abe be larger or smaller. It

is a mtter of routine skill in the art to test candidate -5 WO 03/057862
PCT/ CA03/ Q0P 1 Althpagh io@ﬂsdet/bveﬂﬁmam are preffertddeynmearealsméeliyboﬂﬁ@ABaotot%int ivity
of | NGAP. Assa& for ctiv n % g assay S
the ability t& ﬁ%&%p&w%g t?yf ‘?tb%lrerﬂ?alnﬁt i gﬁqe of¢ 'é‘%e 135?%“0 S ubediancglixcri bed

bel ow. [211 AlihtetigbulrOCiatragdeionkaleningtemns, aulglepnaf anmmmnpmad cpm ad.so

deliver INGAP protein and.rela 0 pti des ot her an . ese
i ncl ude i nt r avgRiSsd 03%35’5(‘,“{5‘{“%?@6&% use%'tjﬂ‘%/‘fei‘ﬁﬁé’é?rﬁé’f‘ lenf (g %‘H’é§q 1.
transder mal , %bﬁ%r ”HL mehtidiRH abdveNoca Blivesy ofRS reduIééﬂh@ﬁhordﬂ)Sﬁgﬁg whthh can
be used for delivery to a patient ranges from about 0.1 to. 900 ’gﬁ?

Fch

ment i oned aboveust bedsliveted py epRPased i Sysieatic @dminisiration, mFAnso AR £2

must be del i velyaeiase§ B ﬁﬂnﬁ? Biates Hcfudadnbitingt idjttdR, fMANEravAGe:t S can
be admi ni steregﬂ})y gnygﬁﬁ}r nber ° 0 r out esc |ﬁ%fu |ngl t;ut not Ilr%v?gdﬂto

oral, intraveriowsnuscilar, mm@mlamtram?ﬁmla%mﬂéﬁhp@ﬂ ntyayentgipwa, frergdgrmal,
i ntrat hecal , %Ju@a‘ﬁ%{}%sr 'uﬁH& Qﬁto daf, arﬂgfiﬁgﬂabarentér'dpct&lgr@ﬂe%b?mgﬁa'ﬂt feETdrt oneal ,

i ntranasal , parenter ngua rect a
pancreatic duct retrograde perfusion.  Agents for oral administration can be

formulated using pharmaceutically acceptable carriers well known in the art in
dosages suitable for oral administration. Such carriers enable the pharmaceutical
compositions to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups,
slurries, suspensions, and the like, for ingestion by the mammal. Agents for
intravenous, intramuscular, intra-arterial, transdermal, and subcutaneous injections
can be formulated using pharmaceutically acceptable carriers well known in the art in
dosages suitable for injection into the mammal. Agents for intranasal, topicerl, and
rectal administration can be formulated using pharmaceutically acceptable carriers
~ well known in the art in dosages suitable for surface administration to the mammal.
Mammals in need of transdifferentiation of non-beta cells to beta cells include for
example, mammtrls with diabetes mellitus, impaired glucose tolerance, impaired
fasting glucose, hyperglycemia, obesity, and pancreatic insufficiency. Mammals in
need of a decrease in INGAP expression include for example, mammals with

hypoglycemia.

[22] The hallmark of transdifferentiated acinar cells is that they produce insulin and form

endocrine granules. Thus they acquire the defining features of beta cells. These
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pancreatic duct retrograde perfusion. Agents for oral adm nistration can be
formul at ed usi ng pharmaceutically acceptable carriers well known in the art
in dosagwe sstsabl e for oral adm nistration. Such carri ersTarable1she
pharmaceutical conpositions to be fornulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions, and the |ike, for
ingestion by the mammal. Agents for intravenous, intranuscular,

infra-arteriaé ﬁéﬁlagegg%ksSa%ﬁtgugﬁytéaﬁﬂ§§Flﬁino AN$he %gnlgau&génulated

usi ng phar maceu y acceptabl e“cartriers wn inthe art in
dosages sui t abhmurfohistachgnaistry, distdch¢mistry)@ndratmastiuctuse) ehsesvation. i nt r anasal :
topical, and rectal adm nistration can be formul ated using
pharmaceutically acceptable carriers well known in the art in dosages
suitable for surface adm nistration to the mammal. Mamuals in need of
transdifferentiation of non-beta cells to beta cells include for exanple,
manmmal s iiXAMBLEDet es nel litus, inpaired glucose tol erance, inpaired
fasting glucose, hyperglycenm a, obesity, and pancreatic insufficiency.

Manmel s igymBRad PRk DAEOBAR N | NGAP expression include for exanple,
manmal s wth™ hypogl ycem a. 1221 The hal |l mark of transdi ffer enti ated aci nar

cells is that they produce insulin and form eﬁggg Bng gr }es Thus t hey
acquire tld dEP?Weﬁﬁem%létSXFé% hgmsters; (Chardgs) Rivery ec D8 8% 36F°

PCT/ CA03/ 0001 3pesfhidiMetitah®8 nfidithelBpaAStoRS BRI wR MadeC CINRIHGME 5 thé Pierda t he
art, including immunohistochem stry, histochem stry, and ultrast ruct ur al

observat i on. EXARRRY angepmevide piogh of ogllonbars ta%@fnpﬁﬁlﬁtl ilehaceadfonttsak t een
femal e Syrian q@%‘% & ;fe%uh@ %heFiSan@ﬂéas 4246086 In p&lt%e kB ®{ve A8 Foll WA

anest heti zed |ne | apar ot oy i ncision was nade. The head of the
pancr eas partial duct obstruction (PDO), hamsters were injected with 2 uCi of tritiated

thymidine (CH-TdR) and were then sacrificed either one hour (n=7) or six weeks
(n=7) later. At the time of sacrifice animals were anesthetized and a pancreatectomy
was performed. Tissues were fixed either in formalin and processed for
autoradiography, or 1% glutaraldehyde and 4% formaldehyde in 200 mOsm

phosphate buffer and processed for electron microséopy.

[24] The percentage of cells replicating was determined by counting a2 minimum of 5000
cells per animal. Briefly, acinar and endocrine cells were determined to be positive
for the incorporation of *H-TdR if five or more silvér granules were found on the
nucleus. Acinar and endocrine cell labelling indices were counted from seven

animals at each time point.

[25] Sections from Epon blocks were cut using a Reichert ultramicrotome, stained with
toluidine blue and examined with a Philips electron microscope. Areas of interest

were identified and EM photomicrographs were recorded.

[26] . Cellular differentiation was noted in pancreatic samples from partial duct obstructed

hamsters (Fig. 1). There was a blending of the acinar and endocrine borders
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was exposed and a 2 mm w de piece of cellophane tape (Inperial Tobacco,
Montreal, @QC was w apped around the pancreas and fixed in position. Two
weeks folwowsngrseparti al duct obstruction (PDO), hansters pegr@odajest ed
with 2 .tG of tritiated thymdine (3HTdR) and were then sacrificed

ei ther one hour (n=7) or six weeks (n=7) later. At the time of sacrifice
?ni mgl S V\ﬁl’e anest heti zed and a pancreatectony was perfornmed. Tissues were
i xed either in f - )L r

gl Ut ar al denyd S EEedPA0) papAP sBASGES ARy Bluon? LRRAMNAN ARG Blor e
processed for agheby elpotron micosscopy it Wmot%@ap@cmmsagdocﬁm@i&nlcef insuni cat i ng
was determ ned bi{ counti nch a _mninum ol 500 ceI}ts 5 gp& aci Letly,

aci nar and endt6® e?@n EFPRIG S WOREL BP I Re Pt S‘B’é)opl(l)] i |\r/1e1 or “tlﬁc{er

i ncor por at i on epdocdit diffRehfiation(Biga2). nore silver granul es were found on the

nucl eus. Aci nar and endocrine cell |abelling indices were counted from
seven a . OC re cut
using a %?ﬁhitotquﬁrﬁ%cg‘%#her © r°r1{3en l"élt({éf%er&ggg&i hﬂﬂ:?na} Elgsgl)’ ‘Ejlogljg%aér%g g?(am ned

with a Phili psxahlﬁed t}mnnmxpdrmoﬁéH RdR arsto dothi axtinear ead en«mﬂee cebrtititped and

ot 6d i 1 pancREaR nd Eiegt SRy uopATS PRt et e, B "t oFRUEE g

1). There was jgokofdtidh o findrelawh1EEheINA 2&0&@@5&@@11@(1@% 14 %)\46d
03/ 057862 PCT/ CA03/ 00013 suggestive of acinar-to-endocrine

di fferentiati daclinghem0- BRI Yoak 8 erkn afsnPBP (P @25) fFigast)bJncormogatiopn
m croscopy, It of Wﬁsfdﬁog%denhg'cq{ne cgﬁg \9 Nverse gz }eﬁ%ﬁ t'oztﬁatt'oggkr&gd 1h QaHér' dells.

granul es and exocrine zy ranu es agdin supporting the notion of
acinar to endoar waﬂ(scfb]ﬂcfvﬁnglm](atdnwcn@Flcgl 3Ii[)TdR[ makeT\maqux&G)nil 4.36 fugd ither t he

otential differentjation aof aci i
P increased to 1. 7+088(p<0%3'1’) att 35\‘”53 esaftersﬁSOC” ne cells we

Example 2-- INGAP Peptide Administration

[28] Female Syrian hamsters, 8 weeks of age, were randomly allocated to receive daily
intra-peritoneal injections of INGAP peptide (Ile-Gly-Leu-His-Asp-Pro-Ser-His-Gly-
Thr-Leu-Pro-Asn-Gly-Ser) (250 pg twice daily) or an equivalent volume of saline for
either 10 (saline n=10, INGAP n=15) or 30 (S n=10, I n=15) days. At the end of the
study period, animals were sacrificed by bleeding, and the pancreata excised through

~ a midline laparotomy incision, for morphologic and morphometric analysis.

[29] Sarhples were embedded in paraffin wax and 4 pm-thick sections were cut. The
sections were processed for routine histology and immunostained for insulin, CK19
(1:750, 1:100 respective antibody dilution, Dako Corp., Santa Barbara, CA),
glucagon, somatostatin and pancreatic polypeptide (1:750 antibody dilution,
Biogenex, San Ramon, Calif., USA), using the AB complex method (streptavidin-
biotin horseradish peroxidase complex, Dako Corp., Santa Barbara, CA), as described

previously (22). A rabbit PDX-1 antibody directed against the NH,-terminus of the
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exam ned the incorporation of 3HTdR into both acinar and endocrine cells
at two weeks and eight weeks followi ng partial duct obstruction (Fig. 3).
3H TdR iwoaspstsati on i nto acinar cells was hi ghest at 2 weaksoaboms PDO
(1.70 0.14 %9 and declined to 0.80 0.27 %at 8 weeks after PDO (p =
0.025) (Fig. 4). Incorporation of 3H TdR into endocrine cells was
inversely related to that observed in acinar cells. Two weeks follow ng
increased to 1.7

PDO, endocrin | 3H TdR,.upt ake wa .80, 0..26 and it
0.08 (p < O. ogfi‘ﬁ%eﬂé’fm £ Of welproen %%.‘e%é?atrl%% pac3 GRS RIEABS 9t iy Rrimary
Admi ni strati oranfi@y (F@ftkddutions & gift fransC.eWsight3 Varddsisiltdfniegsity).v#lides maredonl y

allocated to receive daily., intra-peritoneal i cti of | NGAP pepti de
(1le-dy-Leu- I-le’g’%i{g §t§P8‘£é&? hgﬁ‘rg%@%tpxsﬂmét 2 g{' 9%@’?}{'}@% Ser) (250 g twce
daily) or an equival ent volunme of saline for either 10 (saline n=10, | NGAP
n=15) .or [30] ( £amphfison| benwekh )gralpy svas Aon¢ bging hovayoANOWR\, 2swasd s NOSFA edth
animal s were sacrificed.by bl egding, . and the pancreata excised through a
m dl i ne | apar GOSHAPC PR, tegst o gr a’?‘?%fsﬁh‘gt?%b?@r‘gﬁ’étend?%ﬂﬁé’f‘?sﬂgeda??dp%i s.

1291 Sanpl es weseMeRRafretheiwas RaepEl hithvey, 1@afl 4 mthick sections were cut.
The sections were processed for routine histology and i nmunostai ned for

insulin, CK19 (1:750, 1:100 respective antibody dilution, Dako Corp.,
Santa Barbara, CA), glucagon, sonmatostatin and pancreatic pol ypeptide

(1: 750 an@ipody, @btekhih®P-celBnRYENRY/pardBasROORA: glafdlvids: seckfl: algdd 1@ the AB
conpl ex nethod (streptavidin- biotin horseradi sh per oxi dase conplex, Dako
Corp., Santa Benrgyudinal @Ay to ayoideartyr sasenlingpbias, idoei P yregional | vanatiembii tislgPDX- |

anti body direc; i -t erm of, . -
PCT/ CA03/ ooo1?§§‘%“§89ﬁ§%f‘£8§33”§ﬁl°§’he‘g"s?%‘?seﬁ %Ctge%g%gg% kw)@et é:stp&)%?%uéene was
used as the prwithathy aidrefidnoQlynpis B>060dmiaroscope; cenngétéd by rodaoCcamatd ghe,
Vander bi I t UnIc\c/)renlinsltlext & u"1pp§(|i quﬁslmva\lger-gro Plus software version 4.0 (23). The total B-cell

mass was calculated by a stereological equation, as described previously (22).

[32] P-cell neogenesis and acinar-associated (3-cell mass was analysed as described
previously (). Briefly, extra-islet acinar-associated B-cells/cell clusters were defined
as insulin positive cells/cell clusters not associated with any other endocrine cells (a,
5, PP), completely surfounded by aéinar tissﬁe and a minimum of 100 pm from
ductular tissue. The percent B-cell area being extra-islet acinar-associated was
determined and multiplied by the weight of the excised organ to determine extra-islet

acinar-associated B-cell mass.

[33] Administration of INGAP peptide is known to stimulate [-cell mass expansion
through the process of duct-to-B-cell differentiation. In this study we determined the
ability of INGAP peptide to stimulate acinar differentiation. Following 10 days of
INGAP peptide treatment there was a 180% increase in extra-islet acinar-associated |

. B-cell mass, and following 30 days of treatment there was a 200% increase versus

saline infused controls (p<0.05) (Fig. 5a). Along with the increase in extra-islet
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countered stained with Harris hematoxylin (Sigma, St. Louis, MJ). [30]
Conpari son between groups was done using 1-way ANOVA, 2-way ANOVA with

post hoc woaswaisk2t -t est or X2 anal ysi s where appropri at e PCDAtAN3@0083
presented as mnean SEM Significance was accepted at the 5%l evel. [31] To
determ ne (3-cell mass (ng/pancreas), each gland was sectioned along its

| ongi tudinal axis to avoid any sanpling bias due to regional variation in
islet distributi cgl %&Fp 3 QR - [ | S were
traced manual Iggﬁlér\?‘(n@ %cﬁ&gﬁ?eﬁg%% 0 gf%lr%l“ggr;ﬁﬂslﬁgﬁ%sq%qgﬁé?g%geﬁ%gnlﬁggf%d by

vi deo canera toimals bycidpiufodowinguD dpecindi3l % byd@gleypiFag. PP)s sof t war e ver sion

4.0 (23). The total R-cell mass was cal cul ated by a stereol ogi cal
equati on, ri reyi |\ ) 4 (3- i r
aci nar - as[ssﬁs:i g?‘g% rg&@g F‘R’PE%S“ glﬁ%até B(a%egll d)}fsf%%%%g&gaesg%lr Jlllgg‘g‘? r eV|y§8?rk$HO.

Briefly, extraecogeheis, alodretgr highliphthatledink&emeplhssicitglof thd aditle pmcwes,eandef i ned
as insulin positive cell |1. cl.usters not associated with any other
endocrine cel |SBPP(’§,“°§,f°f§[f5§G?A C‘Sﬁ%ﬁgfoéﬁs}' surrounded by acinar tissue and a
m ni rum of 100 m from ductular tissue. The percent (3-cell area being
extra-islet acinar-associated was determned and nultiplied by the weight
of the excised organ to determ ne extra-islet acinar-associated (3-cell
mass. [ 33 drg, i st ratj or [N i i j 3-cel |
mace expatsl onV b BhlcAChas et EeRiRld i ISP hebfe TSl || |
this study we piatmiynprefeded medesadfi daityipg ot thiiGiRnpaptthaie skiled in thelagtvdllaci nar

differentiation. Follow,ng 10 days of . |LNGAP. pept ] t reat was a
180% i ncr ease aipre(é&tf’tﬂéfl\-{mfhf%e eﬁ‘érf’%grls-vﬁgg%ocﬁs 2 FHIF %gg%ﬁ ?ﬁ%ﬁ%@% %%?Q%g | owi ng
30 days of tr egitémind teeliriquesshad fADGhinrthe episieamescdps of dal inventiombssed

controls (p<0.05). (Fig. 5a). Along with the increase in extra-islet -9 WO
03/ 057862 PCT/f @ﬁgmgﬁ%"daed claims.
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aci nar-associ ated (3-cell mass there was an increase in total 3-cell nmass
in these animals by 44%follow ng 10 days and 31% by 30 days (Fig. 5b).

[ 34] TheswoOremsists support acinar-to-3-cell differentiati @eaTan0anomEbt er nat e
pat hway to (3-cell neogenesis, thereby highlighting the inherent
plasticity of the adult pancreas, and support a role for INGAP in this
process. [35] Wile the invention has been described with respect to
specific exadRines including presently preferred nodes of carrying out the
invention, those skilled in the art will appreciate that there are

nuner ous variations and pernutations of the above described systens and
techniques that fall within the spirit and scope of the invention as set
forth in the appended clains. -10 WD 03/057862 PCT/ CA0O3/00013 W Claim 1.
A met hod of i nprising: locally
del i vering éinr}lee]I ggc??@g&‘gcﬁgedn a&l%%%%@g%hﬁgglﬁgg% n?}llgél | NGAP protein,

or an active portion thereof, to acinar cells of a mammal, whereby the
acinar cells trangdi - t he
transdi fferenti at eg)g!(i:ﬁe}{ﬁﬁ%ﬁd F}%gelgur}’g uﬁ%umgm%%eﬁkﬁéo@ é?wﬁgf@}%?l wherein
t he transdi ffepmm,ioataadctb/eIploslohdrem@rtd@@narmellsg}famamal wherebpithe zrattahod of
claim1 wherei nuttpe f]fe tlate | ocally delivering is perfornmed by

adm ni stering mscragﬁcf) Ered’®5. The method of claim4 wherein the

m crospheres are recept or-targeted. 6. The method of claim4 wherein the

m crosphere I red to rel nt ade apept| de, | NGAP
protein, 3a hﬁé”teq\?g oﬁg]f“ EP?’%F’}‘?H‘rt & fansdil er‘FH%at?fEGﬁﬁ)Bl% Pceclfl ™ 1 wherein the
step of deI ivering is performed by catheter.

3. The method of claim 1 wherein the transdifferentiated cells form endocrine granules.

4. The method of claim 1 wherein the step of locally delivering is performed by

administering microspheres.
5. The method of claim 4 wherein the microspheres are receptor-targeted.

6. The method of claim 4 wherein the microspheres are locally ruptured to release

INGAP pentadecapeptide, INGAP protein, or an active portion thereof.
7. The method of claim 1 wherein the step of delivering is performed by catheter.
8. The method of claim 1 wherein the step of delivering is performed by stent.

9. The method of claim' 1 wherein the step of delivering is performed by percutaneous

delivery.

10. The method of claim 1 wherein the step of delivering is performed by cannula.
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8. The method of claim1l wherein the step of delivering is perforned by
stent. 9. The nethod of claim1 wherein the step of delivering is perforned
by percutwoaswsiseziel i very. 10. The nmethod of claiml wher@cm/aAvgoatigp of
delivering is perforned by cannula. -11 WO 03/057862 PCT/ CA03/00013 11
The nethod of claim1 wherein the step of delivering is perforned

i ntraoperatively. 12 The nmethod of claim1l wherein the step of delivering

| NGRp prot of b, oo reRREabr e pireRohe St B b RERLALCEREET, 1 O
wherein the step of dellverlng is perfornmed by delivering an expression

construct C! onaub act ve in acin F not ¢
Guctal | cel 1 Iy reenar e ybapnd s o e e rlonfotiledfly, o
harvesti ng t r poBdld ¢dntiirting M&mpaﬁdde&p‘epﬁdeummpﬂotms;phramlae partion - 12
’ thereof.
13. The method of claim 1 wherein the step of deliveﬁng is performed by delivering an
expression construct which is transcriptionally active in acinar cells but not in ductal
cells.

14. The method of claim 1 further comprising the step of:

harvesting transdifferentiated cells for use in transplantation.
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