WO 01/ 77300 PCT/ US01/ 40487 HUMAN PANCREATI C EPI THELI AL PROGENI TOR CELLS
AND METHODS OF | SOLATI ON AND USE THEREOF 5 TECHNI CAL FI ELD Thi s invention
is in thewlg@ldsef devel opmental biology and cel |l biol ogy.pctecubdseal |y,
this invention relates to a popul ation of pancreatic epithelial progenitor
cells that are capable of differentiating into functional endocrine and
exocrine cells, nmethods of isolating the pancreatic epithelial progenitor
cel s, chaH¥MAN PANCREATIQEPITEELIALB ENATOR OCEJAspAND METHODS and
uses of the pancreatic epiORHESORBATIONAND USECEHEREGRCKGROUND ART Stem
cell and progenitor cell isolation and characterization are the subjects of
i ntense research because of the great potential of such cells. The
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perform exocrine functions i schargi ng al kal i ne digestlve juices into
t he 18mal | progewitor icelds, apgh pses il thetnangreaticenithalial grograiier edlsi ¢ j ui ces are
secreted per day and include enzynes needed to break up |ipids and

proteins. Ganong, WIlliamF. Review of Medical Physiology, Chapter 26 25
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| ack of insulin to reduce the Tevels I glucose. Islet-8 cells

circulatin
secr et e sprogtwtirgellnhave the ability to become different types of pancreatic epithelial cells.

The different types of pancreatic epithelial cells include acinar cells, islet cells, and ductal

20 cells. Acinar cells are generally found near the head of the pancreas and contain zymogen
granules which are readily visible by electron microscopy. Acinar cells perform exocrine
functions by discharging alkaline digestive juices into the small intestine. Approximately
1500 mL of pancreatic juices are secreted per day and include enzymes needed to break up
lipids and proteins. Ganong, William F. Review of Medical Physiology, Chapter 26

25 “Regulation of Gastrointestinal Function”, Fifteenth Edition, Appleton and Lange (1991) .
There are four types of islet cells, also known as islets of Langerhans, islet-a,, islet-, islet-
9, and islet-PP. Islet-a cells secrete glucagon which promotes gluconeogenesis, i.e.
breakdown of energy reserves to generate more circulating giucose. Islet-§3 cells secrete
insulin which promotes storage of circulating glucose into accessible energy resources. In

30 type I diabetes mellitus, otherwise known as juvenile diabetes, it is thought that

autoimmune attacks on islet-p cells cause defective islet-p cell function, thereby causing a



whi ch regul ates the secretion of glucagon and insulin. The fourth islet
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wi thin which pancreatic cells exist in vivo.
islet cells. US Patent 5,834,308. However, all of these ‘progenitor” cells give rise only to

islet cells. Pancreatic cells of the aforementioned research do not have the capacity to
differentiate into both endocrine and exocrine cell types. It seems likely that the pancreatic
cells of the aforementioned research are further committed down the differentiation

25 pathway of pancreatic progenitor cells and therefore are different types of pancreatic cells
than the human pancreatic progenitor cells of this invention. Furthermore, culturing
conditions used in the aforementioned research wherein serum is used to supplement media
may have adverse consequences. Serum, the fluid portion of blood after blood has been
allowed to clot, contains many biomolecules such as albumin and a, B, -globulins. In vivo,

30 cells are not normally exposed to an equivalent of serum unless tissue injury was involved.
Therefore, culturing pancreatic cells in serum may not accurately reflect the physiological

parameters within which pancreatic cells exist in vivo.
2



WO 01/ 77300 PCT/ USO1/ 40487 The ideal popul ation of pancreatic progenitor
cells should be able to differentiate into exocrine (i.e. acinar) cells,
endocri newg o1®7300sl et-a, islet-(3, islet-S, and islet-PP) galtsprasgywel | as
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exocrine or endocrine pancreatic cells. In yet another aspect of this

i nvention, the invention relates to nmethods of nmintaining a popul ation of
substantially pure human p atr=Tol! [ itor cells which have
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population of substantially pure human pancreatic epithelial progenitor cells which have

20 the pluripotent capability to differentiate into functional exocrine or endocrine pancreatic
cells.

In yet another aspect of this invention, the invention relates to methods of
maintaining a population of substantially pure human pancreatic epithelial progenitor cells
which have the pluripotent capability to differentiate into functional exocrine or endocrine

25 pancreatic epithelial cells and maintaining or culturing these pancreatic progenitor cells
such that the cells retain their pluripotent capacity while avoiding senescence.

In still another aspect of this invention, the invention relates to methods of
providing a source of immunogen and the uses of a substantially pure population of
pancreatic progenitor cells as an immunogen.

30 In still another aspect of this invention, the invention relates to methods of

generating a human pancreatic tissue model using a substantially pure population of



WO 01/ 77300 PCT/ USO1/ 40487 pancreatic progenitor cells as a source of
pancreatic cells and introducing the pancreatic progenitor cells into a
non- humany g @M®yi an reci pient. In another aspect of this ljcr-wlg%tlh@m t he
invention relates to nethods of providing cell therapy whereby a
substantially pure popul ati on of human pancreatic progenitor cells 5 are
i nt r oduc elpncTeaBc progewifqsicsts as a spuzgeniiancraafireells gnd tiosluging Ehetnapeteatihe
inventio o d i, di . maceut i cal drug devel opnent
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wherein these nucl eic cids or oteins_are.used as one,or re principal
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DESCRI PTI N cfeBiid b REMNEarEiugstl & alsorR@wt RBRERE! & gﬁu hedh
epithelia gel Ilsbig,rgovm in tvvougif%erent types o% mergl’%a. Igl}nurg 1k(left)
shows panwhiehbone oemotrded thede paréreaticriolegicahcafifiRinedtd @ée the Gargetsl pLitine \dirugds

fi bﬁﬁnect' n cost.i ng 0 ttare pl ate. The large, rounded cells are pancreatic
epi thel i at’@c8f PETe Fﬁ‘ﬂ?@e B (right) shows pancreatic epithelial cells grown
in F12/ DVEM  nRCindiRer AR cieMEk Siffehfork fhd MObhtRin BRIds%o ARWRIE bAploSiAMt to
forma nonol ayer. Figure 2 shows human pancreatic epithelial cells grown on

col | agen-bioagsaxidgpietopaent whexgin a sybganpallyspuye populhtioneflamandeneeatiai vi di ng

cells. 25 Figu shows resul ts of. staini of ti.ssue reconb nant .grafts.
i gur e AP SRRNEF oAty Whegt i obibe Rf niciR b 08 oEbrotdiBE AT WG Thehf il

magni f i caddidior@hotefd¥ ardhs@itg oﬁ@oﬁh@w?prinbfghﬁéorﬁﬁnﬁﬁﬁs 98 bidasdaper tHessue

r econbi nant Igraft at a magnification of 60x. Figure 3C shows formation of
i sl é®, dudeveloppynbefabipasspBsue within the tissue reconbinant graft. Figure
3D shows ductal formation in the tissue reconbinant graft. Figure 3E shows
formati on of 30 clusters (or aggregates) of acinar cells in the tissue
reconbi nant graft. Fi gurBRIEBEDBSERIPEION O THE®RAWINGSg for gl ucagon

blue) and insylin ro in the i ssue reconpi nant graft. .
( ) ll:llgure l(s ows Human pancreat}c ucta eplthe%cheTls grovgnlantwo different

types of media. Figure 1A (left) shows pancreatic epithelial cells grown in CMRL 1066

20 medium with fibronectin coating on the plate. The large, rounded cells are pancreatic
epithelial cells. Figure 1B (right) shows pancreatic epithelial cells grown in F12/DMEM
medium. The pancreatic epithelial cells have flatten out to form a monolayer.

Figure 2 shows human pancreatic epithelial cells grown on collagen-coated plates
after three passages. The arrows denote dividing cells.

25 Figure 3 shows results of staining of tissue recombinant grafts. Figure 3A shows
islet formation in the tissue recombinant graft at a magnification of 20x. Figure 3B shows
islet formation in the tissue recombinant graft at a magnification of 60x. Figure 3C shows
formation of islet, duct, and acinar tissue within the tissue recombinant graft. Figure 3D
shows ductal formation in the tissue recombinant graft. Figure 3E shows formation of

30 clusters (or aggregates) of acinar cells in the tissue recombinant graft.

Figure 4 shows the results of staining for glucagon (blue) and insulin (brown) in the

tissue recombinant graft.



4 WD 01/ 77300 PCT/US01/ 40487 Figure 5 shows the results of staining for
insulin (brown) in the tissue reconbinant graft. Figure 6 shows duct al

f or mat i onwigiiAspot i ssue reconbi nant. Figure 7 shows the ragult®1Qdsgst ai ni ng
for glucagon (blue) and insulin (brown) in 5 paraffin-enbedded tissue
section froma_ tissue graft. Figure 8 is a schematic depiction of_ the
devel opment  of Figupsahehosvsithe resilty of staigipg for ingilindbresw) 18 thetissus recomhimaniot t ed
| i ne indi es the stage of differentiation at which the human pancreatic
progenitor cell of this invention resides. 10 MODES FOR CARRYI NG OQUT THE

| NVENTI ON The Figuteohshogvscizictal feemhatiers or thp tissaue redorniieantnvent i on i s provi ded
to aid those skille inthe art jn pracgticing the present jnvention. This
det ai | ed descr%’@ﬁeoﬂs@ﬁ\f?df‘%lreﬁg]f‘s taigigg dorgluerced (Plup) qnddpsulig Broxy in

i nvegtion g o¥a TRET! ] f ot goQdi ts disclosed herein nmay be
madegby t%%@nc%{dggﬁgéﬁegiﬁwffbﬁn?he art wi thout departing fromthe
spirit 15 and Eigopds Bfa schemgicedepidtion of ¢het developifienefifhmutreatic selliifeomh asur e,

various publications, atents,. and.publ i shed .ent _specifications are

r ef er encel§UBYICRY SR FS‘hﬂ‘ﬂ@“a? Lip¢ Hgﬂf}r%geséfi‘e Q?%@lﬁnﬁﬁ?m@% HRdchiit ent s, and
publ i shedyRAkERineratie phgelitcr e ePIROAERtb4singd erence in their entirety
into the present di scPosure. The practice of the present invention wll

enpl oy, unl ess otherw se indicated, 20 conventional techniques of

i ol ogy, nol ecul ar 4i-Q ] ol cel.l  bj and reconbi nant
DmATl,fawhi g% are within +He &¥ORW§£§%TJWEI§%EN Sahbr ook, et al.

MOLECULAR CLWﬁ@ollﬁw‘ﬂ%&ﬂﬁi’é@ﬁ&%ﬂ%bft}%ﬂﬁvﬁﬂiohii@ﬁro(vﬂ&a% aidehbRENled
PROTOCCLS | N MOLECULAR OGY (F. M Ausubel, et al. eds., (1987)); the

seri es NERHIDE INpEsEoMEhe@Yeseakiatenion. Fhissdetaileddeseriptior shoulneirpRCT| CAL 25

2nd L ane-tstued BIRIENR ARl By R R Ao R R T "
CULTURE (Rréin rhayelsdmnede byethosd d283dinhry dRéi 1nntht aeiveithots detsetthd forh e spirit

specification and clains, the singular form"a", "an" and "the" 30 include
pl uddl r et seApRef the peesentinvendgn: dhrougheu iy discloswieevarioup epblicationssor

exanpl e, {;Aggl}tse,gaga Bubfsed Ihtent Pebifid@fon? al 1df@bdded b9 citcdd. SThd AShSMdSF

m xt ures
~ these publications, patents, and published patents are hereby incorporated by reference in

their entirety into the present disclosure.
The practice of the present invention will employ, unless otherwise indicated,

20 conventional techniques of immunology, molecular biology, microbiology, cell biology and
recombinant DNA, which are within the skill of the art. See, e.g., Sambrook, et al.
MOLECULAR CLONING: A LABORATORY MANUAL, 2™ edition (1989); CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY (F. M. Ausubel, et al. eds., (1987)); the
series METHODS IN ENZYMOLOGY (Academic Press, Inc.): PCR 2: A PRACTICAL

25 APPROACH (M.J. MacPherson, B.D. Hames and G.R. Taylor eds. (1995)), Harlow and
Lane, eds. (1988) ANTIBODIES, A LABORATORY MANUAL, and ANIMAL CELL
CULTURE (R.I. Freshney, ed. (1987)).

Definitions
As used in the specification and claims, the singular form "a", "an" and "the"
30 include plural references unless the context clearly dictates otherwise. For example, the

term "a cell" includes a plurality of cells, including mixtures thereof.



5 WD 01/ 77300 PCT/ US01/ 40487 As used in the specification and clains, the
ternms "pancreatic epithelial progenitor cells" and "pancreatic progenitor
cells" arwd Aleswhangeabl e and refer to "pancreatic epit h:ejji/@mm@geni t or
cells" and "pancreatic progenitor cells" of human origin. "Pancreatic
epithelial progenitor cells” and "pancreatic progenitor cells" refer to 5
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gut-speC| ng progeni tor t- specific progenitor
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st age of gdevel o nent t.hat t on o erein.resides.
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st age at mhlch a gut-specif progeni t or cef pre determned to
becone a qcrélﬁ@a@gsfe(rxsc tcpeﬂils ozﬁtheachade:measfpdand otr h@ssdealg}e Qfttheveridoldesmal
pangpeas- s

C eI ancr miftRelen) FRLtRE et opfnto ot SpRUAS FlvigiPe JEtacbint belr OF hergut-

differ entsp%t:ﬂiclp%gbnﬁsmml sOYEPARE pR-dé&eintified Rielathe palbtiéaic. ceBO It id Ahkk- a,
islet-p, islet-S, and i sl et - PP. e exocrine functlon of the acinar cells

is the s#egeefidsHelopmantgbatithe populaticacoficallpclpinecd hereis resides. Sfe eprgifivallie
function ﬁ)lf épﬁ&i&l%“ﬁ&lc%&%ﬁ&% 1%1‘(1)ehtaf| roggmt’ of ch i Ia(lizld “g?n%?faﬁgnrﬁ(g%@lgﬁrh » and

I nsulin (|s pancrea I'cpr or ce have

not di ff edigclbscdiiRebin i etwesh thé sﬁa@eataizmw agt-spoHtt ﬁrygaﬁto@éensils e-pancreatic
cell s but have the capacity to becone any of these cells. pancreatic”

ref dPs t oddeminedio herpma dprpcreas(er part af spanceeashind the stage atawl%ﬁlbﬁ ganeeagan.
Crarm! = e BRI B bl Qi Wil b, g
are used :kpatxﬁchn@guyﬁabd:qﬂstcbm diffenenttateaintb sevedabtypeoofacells eamme,lductal]ahd has t he
ol t1 pot it 616 ha0-0 HPai R4 SRoHFoLERbY: L asnaareqeﬁ% 5tEstage
e e T e e L U
ref @ored the sagetiat ehpluebdon’ (1§1)31toc)ra'«mt1liﬁsulm (islet-B). The pancreatic progenitor cells of
this invention have not differentiated into any of the aforementioned types of sub-
pancreatic cells but have the capacity to become any of these cells.
“Sub-pancreatic” refers to cellular infrastructure within the pancreas as a whole
organ. Examples of sub-pancreatic cells include, but are not limited to, acinar, ductal, and
25 islet cells.
“Totipotent cell” and “totipotent stem cell” are used interchangeably throughout and
refer to a stem cell that has the capacity to become any type of cell in a mammalian body.
“Pluripotent” and “multipotent” are used interchangeably throughout and refer to a
stage where a cell can still become one of a plurality of cells but can no longer become any

30 type of cell in the body. “Pluripotent™ cells are not referred to as “stem cells” but rather

“progenitor cells” because they are progenitors to one or more type of a plurality of cells.



"progenitor cells" because they are progenitors to one or nore type of a
plurality of cells. 6 WO 01/77300 PCT/ US01/ 40487 As used herein,
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20 an antibody may bind. An antigen is a substance which can have immunogenic properties,

2D

—H

i.e., induce an immune response. Antigens are considered to be a type of immunogen. As
used herein, the term “antigen” is intended to mean full length proteins as well as peptide
fragments thereof containing or comprising one or a plurality of epitopes.
The terms "surface antigens" and “cell surface antigen” are used interchangeably
25 herein and refer to the plasma membrane components of a cell. These component include, -
but are not limited to, integral and peripheral membrane proteins, glycoproteins,
polysaccharides, lipids, and glycosylphosphatidylinositol (GPI)-linked proteins. An
"integral membrane protein" is a transmembrane protein that extends across the lipid
bilayer of the plasma membrane of a cell. A typical integral membrane protein consists of
30 at least one membrane spanning segment that generally comprises hydrophobic amino acid
residues. Peripheral membrane proteins do not extend into the hydrophobic interior of the

lipid bilayer and they are bound to the membrane surface by noncovalent interaction with
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The endoderm i s the 1 nner produces
20 transplantation means that the cell is derived from a genotypically distinct entity from the

recipient. For example, a heterologous cell may be derived from a different species or a
different individual from the same species as the recipient. An embryonic cell derived
from an individual of one species is heterologous to an adult of the same species.
A cell is of "ectodermal”, "endodermal” or "mesodomal" origin, if the cell is

25 derived, respectively, from one of the three germ layers - ectoderm, the endoderm, or the
mesoderm of an embryo. The ectoderm is the outer layer that produces the cells of the
epidermis, and the nervous system. The endoderm is the inner layer that produces the
lining of the digestive tube and its associated organs, including but not limited to pancreas
and liver. The middle layer, mesoderm, gives rise to several organs (including but not

30 limited to heart, kidney, and gonads), connective tissues (e.g., bone, muscles, tendons), and
the blood cells.
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Cal cul ati c r . ] .nce the, sizes of
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example, synthetic beads of various known sizes are commonly used for calibration in flow

20 cytometry. A small quantity of calibrated bead may be mixed with pancreatic progenitor
~ cells and the resultant population is analyzed by flow cytometry. Pancreatic progenitor cell
can then be compared with the size of the calibrated beads. Calculations of cell surface
amount can be accomplished since the sizes of the beads are known.

As used herein, a “substantially pure” population of pancreatic progenitor cells is a

25 population of cells that is comprised at least about 85% pancreatic progenitor cells,
preferably at least about 90%, and even more preferably about 95% or more.

A "defined medium" and “basal cell-sustaining medium” are used interchangeably
herein and refer to a medium comprising nutritional and hormonal requirements necessary
for the survival and/or growth of the cells in culture such that the components of the

30 medium are known. Traditionally, the defined medium has been formulated by the
addition of nutritional and growth factors necessary for growth and/or survival. Typically,

the defined medium provides at least one component from one or more of the following

9



A "defined nedium and "basal cell-sustaining nedium are used

i nterchangeably herein and refer to a nmedium conprising nutritional and
hor monal weisvseent s necessary for the survival and/or gicaywgda@bsst he
cells in culture such that the conponents of the 30 nedium are known.
Traditionally, the defined nedium has been fornulated by the addition of
nut ri t i oneategamigs:gaiakk ¢ssenital @mylwe@@bs@@r@suﬁlév thgrbesic Hetalfdwgmtygunw gcifls

Typically i_ned nedi um PLOV] e n 0 rom Qpe or
more o+ s PORRED el e R P S Bl A0k SO R SRy sl R
essenti al vmmﬁ@axﬁvmd&hemgams vahbyurids eequired at oot codteritviohy, @nfrstOfafigi ds

pl us cysti ne; @g‘% an energy source, usually in the formof a car boh drate

such as ghids ec),}racwl@@ﬁmﬁswmraﬁr@ee eements greyiohingd aHiNOEAREFCOMIPURETer at

| ow §Onceﬁ§tﬁ1% 1&7 30&urr H% elfe ﬁtsftﬁétt:%‘e ta@fdaﬁ? reﬁg}gd g?v c&{c%ﬂﬁcﬂf S, dXﬂSl .
trace el ements’ are as 1 norgani c’ conpounds naturally occurring
el enent s inftht nﬁcrentowlrmgel Wheelqﬂnecbmdamayalb@mpmmug ibk sapplansatedisial | y
in the mcronol ar range. Tedefl ed di ym may al so optlonally be

suppl enen?®&PPPR 0061:98“?5}13 Pg’“’fgr‘iﬁ‘?;ﬁg%?s ;) Oénﬁé’r mere GW)E@HC
categorie as, for
exanpl e, §ge|nC| u @ﬁ%ﬁe@%ﬁ%ﬁg%ﬁﬁﬁge@gﬁﬁ T‘Qé e03| eggglfﬁg bases such

as, for emaigusiles antbbares sueehasgdfor Iaymnpie;eelencbmmﬂrthhnnhme appoxahthik) apd ot ei n
and | ssu h dro at es 5Hf§ used herein, "conditioned nedia" refers to
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20 “Standard incubatlon conditions” refers to the physicochemical conditions in an

incubator designed for tissue culture in which cells are placed. Generally, the standard

incubation conditions are about 37 degrees Celsius and about 5% CO, content with

humidification. All tissue culture techniques and equipment should be performed under

sterile conditions. Tissue culture containers refer to any type of container that may be used
25 for culturing cells. Non-limiting examples include flasks and plates.

A "mitogenic agent" or "growth factor" is a molecule which stimulates mitosis of
the mammalian cells. Generally, the mitogenic agent or growth factor enhances survival
and proliferation of mammalian cells in cell culture and is a polypeptide. The mitogenic
polypeptide can be a "native" or "native sequence” polypeptide (i.e. having the amino acid

30 sequence of a naturally occurring growth factor) regardless of the method by which it is
produced (e.g. it can be isolated from an endogenous source of the molecule or produced

by synthetic techniques including recombinant techniques), or a variant or mutant thereof

10



25 for culturing cells. Non-limting exanples include flasks and plates. A
"mtogenic agent" or "growth factor"” is a nolecule which stinulates mtosis
of the nwg@ltsw cells. Generally, the mtogenic agent orpcgigpiodsact or
enhances survival and proliferation of mammalian cell S in cell culture and
is a pol y eptide. The mitogenic . pol ypeptide can be'a "native" or "native
sequence” Sﬁ%@%ﬁg@m B?éow Nonhigytingexamplesinelydasstiyatsss elenseaeore members
naturally t

pr oduced ﬂﬁgb%@l%ge n be i gﬁéﬂe@%ﬂ@@%?ﬂ@%ﬁké@ﬁg&%?g%uc{&@greg%( (rﬁrh(\(%gl ecul e
or pr oducﬁmhkohy, cglgatetrdn@mm cAMP 0t ansbspuenthleredi)) gdheemnholaaﬂés dueb honheyals) , or

a variant or t.ant ere 01/ 77300 PCT/ USO1/ 40487 (see .definition
bel ow) . L3dnesion HY E@ae[aerﬁg\{ Qé\]‘?}agga MECHRPragestRnG RewpirePienber s of
the srbB fa%?sostu% ai%‘i&é aen@a%tu%trw@me @ac%ﬁm@)%w% ﬁé&ro oyﬂﬁﬁb’ﬂo} ure

medi um (e. forskolin, cholerat CAMP or ana es t
adhesi on mﬂmmnwosmnés-%eﬁm% piﬁblbt—d@ih&dlgwmhﬁeton@é)(ﬁ]\} Gbidblast ani ni n

or flbronectln stero i C. suc ne-deri ved
neur ot r op¥fP¥th ¢ g‘?ﬁﬁ\ﬁ‘{] ‘éﬁg%c(gllg Gﬁf V%n@ﬁ@r@? ch’fsﬁ 3%(118&-’#

neur ot r op,

T hr obl opgto G”é}?ga\?ﬁ& (YEBF)farsformble ir6 1l %G@EGQ?E)F%{&@ it 7d Iﬁ%t??{i: FG( bFGF) :
vascul ar msdot-liled gralwth Gretoss,indlading [GFVaGE ] GFAIL; dnshomnasisnch gy @b e, act or

(T such as TG--a and, TGF-0;. insulin-like gromh factor ' udi ng
G anceReReRe REPHOHETOgcHs LS s gE oS B OB S Brisbletiy Foi o

hor mone, z{gﬁhhﬁll?@gf Ridvhep 7 1, Qﬁ&Ro%&@@@%lé%gﬁ'ﬁﬂrddﬁctmb@e@l a%dqtlssupages
138-139 o ther,” J.P. and Roberts, P. I ntroduction to and
Ti ssue (:Clulttluc'é Plermine Press, Dfeys ¥ orkhew Yor k. Pancr eatic progenitor cel I

aggr egat es” ncre tic tor Spher es eat,i c .cel |
clusters are u‘ga(f&cﬁeﬁ %p{ﬂggwﬁggglgggrﬁgagﬁghdﬁpcrgﬁ%cprggg}lgnrtcgﬁépﬁwﬁeés,aélf:l a 15
pl ural i t y“phcreamcétipdihGers?”. @@euaed Hﬁer@tﬁlng@bw]@dmg%ﬁt A BTess foli BAs G gENSi Onal
structure resenbling roughly f)here grafting reconbi nant”, as used

her éon, relpelity @@am@aﬁ@mgﬁ@épr@ﬁ QWbtchﬁaméqr@aq theee-gimegeianal siructutel

aggregate chymal tissue . Mesenchymal tissue can be of
pancreatl% orﬁ&gﬁrow%ﬁlgre ?%Q: origin. Mesenchynmal tissue can be froma

speci es 20 hetAr“gfaf@ng:&cbmbtdaﬁt”gmisted heeinprefers to Meserbinsdalnittof pan@eatkn al so
be froma species _heterol ogous tqQ the source of pancreatic progenjtor
cel |'s. GRIPEMprFelk egﬂspgﬁé«?ﬁrga@émﬁbmeseﬁ@%%ﬁl@asw Mensaehymal tissyesprpapf y a

soft, bi o} 0Qtafi oSHRShAREEIC BriBin. REREACh Rl AssBEEAPEE from a species

20 heterologous to the graft recipient. Mesenchymal tissue can also be from a species

heterologous to the source of pancreatic progenitor cells. Grafting recombinants can be
incubated on substrate, preferably a soft, biological substrate (e.g. agar) for a period
ranging from 1 hour to 72 hours, more preferably between 6 hours to 24 hours, and even
more preferably, overnight with an incubation period of about 8§ to 16 hours. Olumi A.F.,
25 et. al. Cancer Research 59, 5002-5011, (1999).
“Serum”, as used herein, refers to the fluid phase of mammalian blood that remains
after blood is allowed to clot.
“Serum biomolecules”, as used herein, refers to biological compositions found in
serum. Examples include, but are not limited to, albumin, ot1-globulin, a2-globulin, -
30 globulin, and y-globulin. Serum biomolecules can include biological compositions, whole
or partial, that are either naturally found in serum or derived from processing and handling

of serum.
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blender, etc.), devices that render cuts or tears (i.e. scalpel, syringes, forceps, etc.), or

20 ultrasonic devices. Alternatively, another method of microdissecting fetal pancreatic tissue
is the use of enzyme treatment. Various enzyme treatments used to microdissect tissue are
well known in the art. One method includes the use of collagenase-dispase to digest
partially sheared pancreatic tissue in a buffered medium that will sustain viability of cells
isolated from the pancreatic tissue. A concentration of at least about 0.5 mg/ml

25 collagenase-dispase is used, more preferably at least about 1 mg/ml and even more
preferably at least about 5 mg/ml. The amount of enzyme will depend on the age of the
fetus and how large the pancreatic tissue is. In the preferred embodiment, pancreatic tissue
from fetus between about 14 weeks and about 22 weeks is digested with about 5 mg/ml of
collagenase-dispase. A wide variety of basal cell-sustaining media that can be used to keep

30 the pH of the liquid in a range that promotes survival of pancreatic progenitor cells and to
provide additional volume of liquid within which the enzymatic digestion can occur. Non-

limiting examples include F12/DMEM, Ham’s F10 (Sigma), CMRIL-1066, Minimal
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5%. The amount of debris that needs to be removed depends on several factors, such as the
extent of digestion or mechanical shear forces applied to the pancreatic tissue. In some
cases, one density gradient is enough to remove debris (e.g. mesenchymal tissue, fatty
particles, or broken cell membranes). In other cases, more than one application of a density
25 gradient will be needed. The desired product is a population of relatively pure pancreatic
cell aggregates.
Pancreatic cells are then resuspended in a basal cell-sustaining media. A variety of
basal cell-sustaining media is available for use. Examples include, but are not limited to,
Ham’s F12 medium, RPMI-1640, and CMRL-1066. For more optimal conditions to
30 promote pancreatic progenitor cell survival and growth, a variety of nutrients may be added
to supplement the basal media. Examples include, but are not limited to, insulin,

transferrin, epidermal growth factor, ethanolamine, phosphoethanolamine, selenium,
13
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for §60| | nhgrgguhnn?;tat least about 1 pg/ml aprotinin and not more than about 100 pg/ml aprotinin,
more preferably about 25 pg/ml aprotinin; at least about 1 pg/ml bovine pituitary extract
and not more than about 500 pg/ml bovine pituitary extract, more preferably about 75
pg/ml bovine pituitary extract; at least about 1 pg/ml gentamycin and not more than about
1 mg/ml gentamycin, more preferably about 100 pg/ml gentamycin. The pancreatic

25 progenitor cells may be grown on different substrates, depending on the type of physical

orientation of the cells desired. Non-limiting examples of substrates that may be used
include fibronectin, laminin, collagen, polylysine, nitrocellulose, nylon, and
polytetrafluoroethylene. In one embodiment, pancreatic progenitor cells are grown on
fibronectin-coated tissue culture plates in the preferred nutrient media described above.

30 Pancreatic progenitor cells form cell aggregates when cultured in the preferred nutrient

media in fibronectin-coated plates. Further, this culturing combination allows for
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tissue culture containers. Nutrient media is then added to each of the tissue culture

a

containers to achieve a lower concentration of pancreatic progenitor cells than in the
original tissue culture container. The nutrient media that is added is dependent on the type
of pancreatic progenitor cell arrangement desired. When monolayer arrangement is

25 desired, then F12/DMEM is used a basal media in the preferred nutrient media disclosed
herein coupled with collagen coating in the tissue culture containers. When pancreatic cell
clusters are desired, CMRL 1066 is used a basal media in the preferred nutrient media
disclosed herein coupled with fibronectin coating in the tissue culture containers. Because
the claimed pancreatic progenitor cells are unique to this invention and will secrete factors

30 specific to these cells, the conditioned media derived from the pancreatic progenitor cells
are also unique. In this invention, pancreatic progenitor cells form aggregates when grown

in the preferred nutrient media, defined above, in fibronectin tissue culture plates. When

15



pancreatic progenitor cells may be fed with conditioned nedia in which
these cells were grown. Subculturing pancreatic progenitor cells to obtain
a great erwguitbesooof cells is acconplished by taking pancrgatiwmiasggeni t or
cells in cluster form (grown on fibronectin) 20 or in nonolayer form (grown
on collagen) and dividing the pluraljty of cells into nmultiple tissue

Qul ture oB gulpsirafess CNfﬂgP’il'éﬁ%teﬁlrEEﬁuﬁ w@nﬁwiaie%ame%tw neegsiter callsonm a ue
culture gopf L R8PS EddlibPUEConARRGE hcdla 36rBles BARGA GREHG in the
progenitor cells than in e original tissue culture cofitaliner. The

nutri ent peadreati¢ haigenitor adide dA ipsefeepdademnit of sondidonedpredid ispa heastebouic] %

progenitor cell arr nt .desj.red. \When nonol ayer .arrangenent is 25
desired, ?%?Faﬁa%ﬁyltggﬂ/gf?tﬂ% RVvasEl FBIHF%XPF%G i ?‘F’é&_ nutri ent
medi § di sgi@frRfed BRURIIDaBAHRESCLMblan A RUSHe. CR%’%dqﬂ&ldyrbftf&ﬂiﬁlgot%%_@ cul ture

containers. \Wen pancreatic cell clusters are desired, 6 I's used a
basal nedpraferable foe ppomdting thel sunyival emd gnowdh af paticeetio srgehitoraiels soupé @ed wi t h

bancr oar 1 HE BEaHPos PRIl i3 FRE Avtisk: ! BRveTROLR R SHE Ui hecer et
factors 3gansRaté piogehitoricBRS6f B ihGentiohRak B@gﬁstsiit%'&?ﬂulﬁﬁﬁi tAnslashikadialdiggn t he

pancreatic progenitor cells are also unique. hi s invention, pancreatic

progeni t odivisénd eapploitity anggvidhpart xluging dilereniationof these pansteaticpdogeaiter eolls
medi,a, defin v in. fihronectin tiss cil ture plates. Wien 15 WO.
01/ ;%00 lﬁt?r%%%‘%‘?ﬁ&@%@’?em’?kg agh §tl‘°?1§tf g ?‘%C%a?gis#%igen-coat ed tissue culture

pl ates, pancreatic progenitor cells forman attached stronmal nonol ayer.

Addi tion of conditioned nedia pronotes greater vitality in the pancreatic
pr ogeni t ofharacterization of papereatie progeniter cellindi t i oned nedia is at | east about

1% to at |eas lg%?@ 259 I k : . ferred
anount of 5 coﬁ I |g%aé1§§r§£§%%&%stﬁ%§%eﬁi t%&?ﬂg% ??3? Q{e’eﬁ%ﬁ{l% V%ﬁﬁﬁaﬁ% A

f r equencymafiner disdiongl tidiein hase sqveed defiihg chaactpritivst Firg, thegasdreaticval and
growih of pancgreatjc progenitor cells is _once.a week, even nor referabl e
75 fi co wd for cglfsgpr Stf;?"e‘g%tr“&ﬂlbﬁ desrefbyd gt h@F-daae;;mlnﬁﬁéwngamc?e fithe
progenito ; kS ol b I i | awhi | e

et ai i gt e R B A, S Rl M T e

t hese panthisssagee! devaiepment that éhd mopubition o parerertic prdgenior dedls ehimet bateiaci nar
islet, or d!dct&). ceg%sT Char aﬁt eri zalﬁ)i on..of . pancreat i %ﬁgr enitor cells
The popul ¥oEHEAEUER §h FheRpangregie grageuer celly pEthinyRuonhave HFCaPACHE 49 at ed i n
the manngdcofeeath@RdcMies & Adb@UR RHY.CEAdocHifE afid BbcsiRa tatd, 8¢ st hefin,Fi I St ,

t he Bancr eatic 15 progenitor cells are at a stage that can be described as
" pr @0 det exrpidaBredduribeie sedretions OEndegsine cells, such as a-islet cells and B-islet cells

secrete glucagon and insulin, respectively. Exocrine cells, such as acinar cells, secrete a

variety of pancreatic digestive juices such as trypsinogen, a-amylase, and lipases.
Identification of pancreatic progenitor cells may be accomplished by morphology or

specific markers or a combination of both techniques. As disclosed herein, pancreatic

25 progenitor cells can be rounded and cyst-like in appearance or elongated in a monolayer
formation depending on the culture conditions in which the pancreatic progenitor cells are
grown. Identification of differentiated pancreatic progenitor cells may also be
accomplished by morphology. Morphology of islet cells is an ovoid shape, about 75 pum to
175 pm in size (long axis). Islet cells tend to be located more towards the tail end of a

30 pancreas (away from the duodenal cavity). Markers that can be used to detect islet cells
include but are not limited to glucagon for islet-a cells, insulin for islet-B cells,

somatostatin for islet-3 cells, and pancreatic polypeptide for islet-PP cells. Markers that
16
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Pancreatic progenitor cells of this invention have the capacity to be passaged
multiple times in the preferred serum-free nutrient media disclosed herein. Multipotency is
retained during each passage and at any point after each passage, pancreatic progenitor
cells of this invention can differentiate into functional exocrine or endocrine cells. In

25 addition, at any point after each passage, pancreatic progenitor cells may be used as an
immunogen, for cell therapy, for bioassays, to establish a human pancreatic model, or for
drug discovery and/or development as disclosed herein.

Another characteristic of the pancreatic progenitor cells of this invention is the
capacity to differentiate into exocrine or endocrine cells upon transplantation under kidney

30 capsule of a recipient mammal. Prior to transplantation, pancreatic progenitor cells do not
make digestive enzymes, such as amylase or lipase, and will not stain positive for digestive
enzymes. As disclosed herein, pancreatic progenitor cells can be grown either in pancreatic
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20 available antigens that were “masked” when using culture conditions containing serum.

Pancreatic progenitor cells isolated and cultured with the methods disclosed herein
can be used as an immunogen that is administered to a heterologous recipient.
Administration of pancreatic progenitor cells as an immunogen can be accomplished by
several methods. Methods of administrating pancreatic progenitor cells as immunogens to

25 a heterologous recipient include but are not limited to: immunization, administration to a
membrane by direct contact such as swabbing or scratch apparatus, administration to
mucous membrane by aerosol, and oral administration. As is well-known in the art,
immunization can be either passive or active immunization. Methods of immunization can
occur via different routes which include but are not limited to intraperitoneal injection,

30 intradermal injection, local injection. Subjects of immunization may include mammals
such as mice. The route and schedule of immunization are generally in keeping with

established and conventional techniques for antibody stimulation and production. While
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Uses as an i mmunogen A use for pancreatic progenitor cells is as an

I mmunogen. As disclosed in this 15 invention, the unique serumfree
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20 secrete monoclonal antibodies. As another alternative to the cell fusion technique, EBV

immortalized B cells are used to produce the monoclonal antibodies of the subject
invention. The hybridomas are expanded and subcloned, if desired, and supernatants are
assayed for anti-immunogen activity by conventional immunoassay procedures (e.g.,
radioimmunoassay, enzyme immunoassay, or fluorescence immunoassay).

25 Hybridomas that produce such antibodies may be grown in vitro or in vivo using
known procedures. The monoclonal antibodies may be isolated from the culture media or
body fluids, by conventional immunoglobulin purification procedures such as ammonium
sulfate precipitation, gel electrophoresis, dialysis, chromatography, and ultrafiltration, if
desired. Undesired activity if present, can be removed, for example, by running the

30 preparation over adsorbents made of the immunogen attached to a solid phase and eluting

or releasing the desired antibodies off the immunogen.
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ant 2body progtmtogetllsce hlitranlluced into the gut region in an effective amount. Effective amount
can be determined in a stepwise fashion in which increasing amounts of pancreatic
progenitor cells are introduced into a heterologous recipient and the subsequent immune
response is monitored. Overall immune response (e.g. antibody production, cytokine
production, T cell proliferation, anergy, tolerance, etc.) may be monitored by a number of
25 methods including but not limited to ELISA, proliferation assays, flow cytometry with cell

surface markers, and immunohistochemistry.

Use of pancreatic progenitor cells for drug discovery

Another use of pancreatic progenitor cells is related to drug discovery. Since the
30 pre-differentiated multipotent pancreatic progenitor cell population has not been isolated
and cultured in the disclosed manner, the pancreatic progenitor cell population may secrete

proteins that have not been heretofore discovered or characterized. Previous culturing
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20 where different types of pancreatic cells, such as islet cells or acinar cells, are unable to

perform their function of secreting insulin or glucagon respectively, transplantation of
pancreatic progenitor cells provides a remedy because the pancreatic progenitor cells of this
invention are multipotent and can differentiate into functional exocrine and endocrine cells.
To practice this use, pancreatic progenitor cells are isolated and cultured in serum-free,

25 nutrient-defined media using the methods disclosed. Pancreatic progenitor cells are grown
on fibronectin-coated tissue culture plates to obtain pancreatic progenitor cell aggregates.
Pancreatic progenitor cell aggregates are grown under standard incubation conditions for
about half a day to about 7 days, more preferably for about 1 day to about 5 days, and even
more preferably about 3 days. Pancreatic cell aggregates can then be administered to a

30 recipient and allowed to differentiate. In an alternative, pancreatic cell aggregates can be
used as cellular carriers of gene therapy wherein pancreatic cells are transfected with one or

more genes and enclosed in a delivery device and then administered to a recipient. In
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ti ssue nodels Tn non-
20 markers to be used to determine the identity of differentiated pancreatic cells. The

likelihood of false positives is reduced if rat mesenchymal tissue is used. Likewise, the use
of seminal vesicle mesenchymal tissue over pancreatic mesenchymal tissue reduces the
likelihood of false positives in identifying differentiated pancreatic cells. In a preferred
embodiment, about 1 to 12 pancreatic progenitor cell spheres, even more preferably about 5
25 to 8 pancreatic progenitor cell spheres, are placed on top of rat seminal vesicle
mesenchymal tissue. Preferably, about 1x10* to about 5x10° mesenchymal cells are used.
Even more preferably, about 2x10° to about 5x10° mesenchymal cells are used. A graft
recombinant comprising pancreatic progenitor cell spheres placed on mesenchymal tissue is
then placed under the kidney capsule, in the fat pad, subcutaneously, or in a device which
30 contains the pancreatic progenitor cells but limits access of other cells to the pancreatic
progenitor cells (i.e. Theracyte®) in the recipient mammal. Possible recipient mammals

include but are not limited to mice and rats. Typically in graft situations, donor tissue is
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human mammal s. Pancreatic progenitor cell aggregates are placed on top of
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I rmune system To alleviate graft rejection, several techniques nmay be
used. Onelmaddiing. p sombinphonaf ereormpere of these markers MAY e uipd in gombmatige of
radi ati on ' . gqraft. Anot her nethod
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combine immuno eﬁm%ncy% mouse. Q’hg human pancreatic model can be made by

D

utilizing the human pancreatic progenitor cells isolated and cultured with methods
disclosed herein and using the human pancreatic progenitor cells to make graft
recombinants. Graft recombinants are then placed under the kidney capsule of mice. After
25 about 1 to 10 weeks, preferably about 6 to 8 weeks after implantation under the kidney
capsule, the graft or portion thereof is harvested and analyzed by immunohistochemistry.
Markers specific to exocrine or endocrine function, such as insulin or glucagon are used to
analyze the efficacy of the tissue model system. Alternatively, markers specific for
pancreatic tissue such as islet cells (i.e. PDX-1), acinar cells (i.e. amylase), ductal cells (i.e.
30 CK 19) are used. Yet another way to assess the results of pancreatic progenitor cell
differentiation is by morphology. Pancreatic progenitor cells have the appearance of being
small and round, about 10 um across the cell, and in a highly compacted columnar
23



One such nethod is the use of an i mmnodeficient nouse (nude or severe
conbi ned i nmunodeficiency or SCID). In a working exanple, human pancreatic
pr ogeni t owoc@Altzoospheres are placed on rat sem nal vesicl edrasenabygial
tissue and placed under the kidney capsule of an immunodeficient mouse.
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about 6 {0RRAN 18 HEEKSBEEAEN DG AAbLSLS ALY BRLEH A0 ARalyagd for

pancreati C  progeni r ce ere N SONE cases, portion

of t he gr@\fbfo1da$ cﬁﬁﬁﬂ@ﬂbﬂi&éhmﬂﬂ@él&tﬁﬂeﬂs hﬁv(ﬁarthééﬁpe%ﬁ@@é bf C%nfh@ﬁaltlﬁl@ndsS' et cells
(i.e. insulin, glucagon etc.), .ductal cells g etc.), and

aci nar c esurepupgledsby W&%ﬁ@cm@tl@m}* Further; mombelqey i I&ﬁomhwa@émhsfu@@mm cal 15
anal gs' S m’é‘ﬂ{%}shf%f P%ﬁﬂr% d gﬁé;ﬁ%ﬁs&n&%ll? e 'n%k&ggo e’s{ﬂgaﬁ c&?s foygfrforg ns, such
as narker's Specl n or ucagon

used to analyze
the effi camyplen‘e ats%@smémaﬂ"hekemhﬁﬁnmnnssﬁbse&&s f@résemsa fodin hlnﬁmansmdl &afeedast el y
or in conpbination with each other. . In addition, a conbination of one or

more of tReSBOREr ddpse nmanseangeeatic tifsue sasiclr-aan o use toraseass Fifisampand ogy t o
det g
pancr cat 1 £ hoveh e gich Bfinb AR ANEEH e [l BogBmRGS bARRaial e

i munodef pancmauy pamvoy) aad fdﬁdtherrpanmamamsufﬁaiehmem"ﬂlﬁy aaaralsbé)ermetbtdns,creen
utilizing th ancreati.c tor cells isolate ltured with

ot B A S pRBRa ot OF ﬁ%ﬂf UpRa ARETCRRKEF BHma gWBP FiEr cells
to make 9&abic & t Sr g%g{ r et er the
ki dney ca[}g%]] %“%f ﬁ%ﬂgép(’}%f rp 1&Bfﬁéiﬁgg%@%€%§ev\§e 3 A%%[rﬁg esreg f/lglg out 6 to
8 weeks abding prodptealnit adbmorg fusrddiie gaf. ki dney capsule, the graft or portion
thereof is harvested and anal yzed by i mmunohi stochem stry. Markers
specific to exocrine or endocrine function, such as insulin or glucagon are
used to BB& FEndBRiEIbbGAGY cQfs ihBfodkissue nodel system Al ternatively,
mar kers s ch as islet cells (i.e. PDX-1),
aci nar cells (Th@pammptlaga)genmmeﬁb diselokel ldreie can BOuld it Fpricusehiomseals. Yet

th to as ess t results o ancreati f.
ATt or ont laregnd e BiciafisnirayS: SlsBRAGER D (staRiRe BB Ecrl feome
appear ancge@équpet T&r diffBRhliatisid By%'sﬁ(%ig] 85aﬂéreat£b i@8 Selld18 aGRipwiseand in a
hi ghly conpacted col utmmar 23 WO 01/ PCT/ USO17 40487 epit heI um form

Aci nar cefaskion i eombisatighwith diftaserdbiolagiga @Mﬂ@sism@r%mgnamSMPeC@ct al
cells havg 8%%33 %g%%gﬁaf'(o\ﬁ S 3R eCIiﬁﬁg);fm?ﬁncﬁ c8#1é{)é19ds aﬁ%r ?3%1&#8 énc?u%% oar and

a conpact cor unhar ep! ance
of @pi t hediiffatentisfi@n@dslet cells. Employing the same stepwise comb1nat10ns, one or more

specific biological compound can be found to induce differentiation to acinar cells and
likewise for ductal cells. Other uses in a bioassay for pancreatic progenitor cells are
differential display (i.e. mRNA differential display) and protein-protein interactions using
secreted proteins from pancreatic progenitor cells. Protein-protein interactions can be

25 determined with techniques such as yeast two-hybrid system. Proteins from pancreatic
progenitor cells can be used to identify other unknown proteins or other cell types that
interact with pancreatic progenitor cells. These unknown proteins may be one or more of
the following: growth factors, hormones, eniymes, transcription factors, translational
factors, and tumor suppressors. Bioassays involving pancreatic progenitor cells and the

30 protein-protein interaction these cells form and the effects of protein-protein or even cell-
cell contact may be used to determine how surrounding tissue, such as mesenchymal tissue,

contributes to pancreatic progenitor cell differentiation.
24



surrounded by acinar exocrine units. Further, norphology is conbined with
functional 5 markers for insulin and gl ucagon and cell surface markers for
specific gg)dhig7d@r a nore conpl ete assessnment. The reconbigiaKeiihQsues
thus represent a fully human m ni-pancreas in a nouse. These human
pancreatic tissue nodels can _be used to aigqslgss efficacy.and toxicity of

drug candi dat eShoBlleyssamplesproyde 2 dgiatled description ol thp isojatiog, abet es,

pancreat ity i . F t .G Lelencies.
A o e e
further ubmijtthdimvesiormineny vagi nal woul d undergo surgical or chemical (i.e.
streptazoticin) pancreatic or islet-(3 cell ablation so the insulin being
produced is comng fromthe graft. Uses of pancreatic progenitor cells in
bi oagsays 15 The pancreatic progeni Aol E§ di scl osed herein can be used
in various bioassays. In one use, the pancreatic progenitor cells are used
to determ ne wikarhplbilolsolptionlof pactatis pregeesitoreeplisr ed for differentiation. By
usi ng the pancreatic progenitor cells in a stepwi se fashion in conbination
with different biological conpounds (such as hornones, specific growth
factors, etc.)petlfnefeadcStafRRE hbd £4-DD QleBRN)GRls nEQRUARALARSHARA apsit bpund to
induce 20 differentiation to islet cells. Enploying the sane stepw se

conbi nat i Bifgodisaeetiern undst e stesgoawickdssos piwdd endynaasieplissaciatem Bozymend t o

i nd di £ f i at.i i |l ikew se f | cells.
o nd) sl e ol of BB el e eietiftey nidh T Ui VEN iR oh 1
di splay (éorRaininBBhgkt1icbBAgMbdeadissHsS M08/ mBESY bRAPHPhsIn RINGHiRIr And B AEAGIL | ONS

using secreted proteins from pancreatic progenitor cells. Protein-protein
i nt er act | PhAagafordé miutpeabs hilegrebsvieldius. echni ques such as yeast two-hybrid

system Protei from pancreatic rogeni t.or ,cells e used to identify
ot her unknown ga!)?%%fﬁ%aq%srw%ffﬁ?rﬂ%de‘% t"?;?gaté/{?P%VOH‘PH%M@T%%?‘%%@W@?&i c
progeni t oby e@lttifigatidicoe 6WikRYA FHOXPE. FellerM cBBs WRRh WerdBHile irPiggrdgaf
foll owi ng; gromh factors, hornones, enzynes, transcription factors,

trad3l at | S| were sstependedinarewHomedinpoasisors of GVEs ipsuitiens madivan
pancreati gon?*{iﬁﬁg%éﬁﬁlf)g@%ﬁg@@ the 30 protein-protein interaction these

cells forman he ‘e protein-protein or even cell- cell contact
may be used to determ ne how surrounding tissue, such as nesenchynal
tissue, cantrij hnfpifmlnanrr eatic progenitor cell differentiation 24 WO
01/ 77300| PCT/ US01/ 40485ulinThe fol | owi ng exanpl es pri@wigdal a detai |l ed
descri pt fer—of—the—iso} i::‘r*r.cr“rr charact-grtzat+on; ar"‘ﬁ§eTof -panereat] C
progeni tpr cells. THEE'EAnpl es are not intended V&M
Epidermal growth factor 5 ng/ml
Ethanolamine 10°M
Phosphoethanolamine 10°M
Selenium 25x10°M
Triiodothyronine 107“M
Progesterone 10° M
Hydrocortisone 10" M
Forskolin 1 pM
Heregulin 10 nM
Aprotinin 25 pg/ml
Bovine pituitary extract 75 pg/ml
Gentamycin 100 pg/mi
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limt the invention in any way. 5 EXAMPLES Exanple 1 Isolation of
pancreatic progenitor cells Fetal pancreas (gestational age 14-22 weeks)
was nechagir@ltyoPul | ed apart by mcrodissection under a gehi®e fds§r 0scope
prior to enzymatic dissociation. Enzynme 10 treatnent consisted of placing
the partly dissociated tissue in 1 nm F 12/ DMVEM nedium containing 5 ng/m
col | agenase-di spase, 20 g/m soybean trypsin inhibitor and 50 gg/m DNAase

R e S ) v B U

m nut es ad 2P0R11rdNA andehdudatd at 87 Usgredd Cdlsineinea lsﬁmﬂdiﬁedrs%gmzeiﬁatbatolc%xf orm
were resuspended in growth nedi um consi sti ng of CVRL 1066 nutrient nedi um

cont ai ni n{g heves.f Bftpiold heprs.dbe enitheliglioglls fosmed syspendedmpheriqad ﬁWq‘ﬁurm(Fggw

Epi d I
18| 6§R/|rmslel e%\lﬁ&?ﬁ E‘fégén%{%@ﬂ%#jo Qﬁ{g%e?%t?a%l@é@bo% S]ﬁ#m%r ogesYQer one
Hydr ocort msmﬂeyel@“onﬁdtiﬁﬁw@s@kslredltﬁm pahiaestinddgreghtes piparpéaticisphetes?o@/ Gﬁf

Bovi ne pi ry extract 75 g/m, Genta in_ 100 n 25 WO 01/77 00
PCT/ USO1/ s m&%@@eﬁééﬂtlbaewcra@a¢t@§%@§e@\@vé caﬁwadiog@ djoQupm dis

fibronect I

degrees ﬁﬁ[ﬂn%cpﬁ/lﬁﬁd%ﬁh%%aéﬁpﬁ&gn@} %g)%ﬂl ncubat Sﬁ@fsﬁﬁﬂ fj}gﬁigﬁgsg Af t er 72
hour s, thWithpm 2hbéurslthe s!:kd@urbmttwhedsmﬂphe\ delts fsqrhéhid staictuse spredaduse onfoRhgur e
t5 h LAQE?Pd obggcﬁ'l 1) Sfce)lnrrcl 2}; eplthe?iral %to;l ayer ( %lulresllggerﬂeget lggn%?eea%c E)?ogegl%orsc%{lg ace of

could be passaged at least three times (Figure 2).

Example 2 Use of pancreatic progenitor cells in transplants

For the purpose of recombinant grafting, the cells were left in the spherical state

15 from the time of original plating or the monolayers were released from the collagen and
grown in non-coated flasks where they remained in suspension and re-aggregated into
spherical structures.

For the purpose of grafting, the spheres were placed on top of seminal vesicle
mesenchyme from el15 rats, usually 5-8 spheres to a mesenchyme aggregate of 2x10° to

20 5x10° cells. Each recombinant was placed on agar and incubated overnight at 37 degrees in
a 5% CO, humidified chamber.

The grafting consisted of placing from 3-6 recombinants under the kidney capsule
of an immunodeficient mouse (nude or SCID) and left for 6-8 weeks. The grafts were then
harvested and processed for immunohistochemistry.

25 The result of pancreatic tissue recombinant graft transplantation was assessed by
morphology. Pancreatic progenitor cells have the appearance of being small and round,
about 10 pm across the cell, and in a highly compacted columnar epithelium form. Acinar
cells have the appearance of large clusters forming acini (Figure 3E). Ductal cells have the
appearance of small, round, about 40 pm across the cell, and a compacted, cuboidal

30 columnar epithelium (Figure 3D). Islet cells have the appearance of epithelial islands

surrounded by acinar exocrine units (Figure 3A, 3B, 3C, and Figure 7).
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nonol ayer formation was desired, the pancreatic aggregates or pancreatic
spheres from6 of the wells were collected with a m cropi pet and placed on
a col | agegrAsy sl 60 nm dish  using F12/ DVEM as basal nut rgcgiisoiRglisa W t h
the nutrients supplenments as disclosed. Wthin 24 hours, the structures
attached and the c?lls fron1th%hstructu&§ spaead out onto the 10 collagen

to form an epilE¥id HPE g
QH&Fﬁ&mPaW' e 2 Use of

cells co&ﬁg(ﬁﬁb@v

pancr eat i €—proge S : : r econbi nant
grafting, the Aféd the pm@ednefspheres hehe k@aﬁl&amspﬁntahmder thk&ldﬁegrasalbdmﬁe éff me of
original plating or the nmonol ayers were released fromthe colla en and
grown in %:ﬁ 2pg glleved Yoa@;z@lrxméﬁaé loqeagn ?%rréa%% Negks, thesgralie weredinrvesied

(289" CSalBflel Rh Aot SE biRleaBE EHEMY Binuldhlot ey ARG Rlicl affhgg hs e

spheres wer aced on sem nal® vesic nmesenchynme frome
usual | y Sha#¥edbptreshosvrito eapm'msnihyzmd gggigeg & 1gun:fs 425,708 7) 0 Fafhdmnbes tleel | S.

Each reconbi nan | ace agar, a i ncu ed_overni . at 37 degrees
"o Sot b B PR R BRSO e BT i FEYEeS RS S g 1 fom 3- 6
recombi nafiSedRdale ik &b&ﬂﬁ%aﬁ%&fﬂé ﬁeld@& fidtib deidcicnRinAeygg (nude or
SCI D) and left for 6-8 weeks. The grafts were thén harvested and processed
for i muneipress oshbmasd glpcagd® antldome dudtsl stiuciuagscr eati ¢ ti ssue reconbi nant

graft transplantati on was assessed by norphol ogy. Pancreatic progenitor
cells have the appearance of being small and round, about 10 m across the

cell, and in a highly conpacted columar epitheliumform Acinar «cells
have t he appearance of large clusters formng acini (Figure 3E). Ductal
cells have the appearance of small, round, about 40 .tun across the cell,

and a conpacted, cuboidal 30 columar epithelium (Figure 3D). Islet cells
have the appearance of epithelial islands surrounded by aci nar exocrine
units (Figure 3A, 3B, 3C, and Figure 7). 26 WO 01/ 77300 PCT/ US01/ 40487
Exanple 3 Determning the identity of transplanted pancreatic progenitor
graft «cells, differentiation state of pancreatic progenitor cells, and
their function After the pancreatic spheres have been transpl anted under

t he ki dney capsule of mce and allowed to renmain at that |ocation for 6-8
weeks, the grafts were harvested and 5 analyzed for identity of pancreatic
cell s by i nmmunohi stochem stry and function. The grafts
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have been shown to express insulin and glucagon (Figures 4, 5 and 7).
Furthernore, the tissue graft reconbinants have shown the formation of

duct al stwecsiyrsws (Figure 6). Therefore, the tissue recorfgmagat/sgiafts

yi el ded functional pancreatic cells that could express insulin and

gl ucagon and form ductal structures. 27 WO 01/ 77300 PCT/US01/ 40487 d ains
What is clainmed is: 5 1. A substantially pure popul ati on of human -
pancreatic progenitor cells, wherein i.d pancreatic progenitor cells have
been subcultured froma primary culture of cells isolated fromhuman fetal
pancreatic ti sBiatisatadmeliés:ei n sai d popul ati on of pancreatic progenitor
cells retain a pluripotent capacity to differentiate into acinar, ductal,
or islet cells and form pancreatic tissue having both exocrine and

endogr i ne cel |9 AQuRanflty BERSH6Ak S Y AGRM bAEREL bResRRaTE GRS 2l M

erein the pancreatic e 1so mai nt'ai ned in
ser um f r emidrpaticagati8 progeaitmaeetis atd beepsopemtiutal framlalpgingery ouldiragf tallscl ai m 1,

wher ei n sai ancr eat.i rogeni tor cel.ls are identifiable by the

expr essi o’rst(’]gfe%}(%l 2‘3@?‘1 %‘?@ Pg@? a%?ﬁ?@?’.andlvﬁlef‘ﬂ’és_ grﬁ’&’?@é’ﬂ‘?‘b"%ﬁé‘&@ﬁ?‘f or cells
accor di T‘gplt()gerﬁ{cﬁ"ceﬂ@petd{ﬁ'ﬁﬁ)ﬁir%o&ﬁt Ebpfabity to dPfeteRtiate $ntd ALRGE, @Hcthl 8MsidBelly OUP
consisting of cytokeratin- 19, carcCindenbryonic antigen, = carbonic

anhydr as eand formmpdneryatid tssi¢ havieg both expgrinerdnd gndowimedalls.ance regul ator. 20

5. Ipe pancreatic progenitor cells according to claim4, wherein said
pancreatic progenitor cells have the norphol ogy of snmall and round, about

10 m across the cefhe padseatid prodehBbY d&11S a0a0Rgihe to Sliny TNRherBRithd'Badcadatit Or m
25 6. The pancreatjic progenitor cells according to claim5, wherein said

pancr eat i Propewitps spllvare éwlated ehmapigtainedrin gequpefrepmediae i nto aci nar cel |I's
expressing anyl ase and wherein said acinar cells have the appearance of
| arge clusters formng acini. 7. The pancreatic progenitor cells according

to claim5 wheBei n The paredsatic pedgefiitor3d2llp ae@eding @ claih | swha@sinfsaidt her
differentiate into ductal cells expressing cytokeratin 19 and_ wherein said
ductldl cePansTest eragspitersieHmaredagntidiablehy the exiggsiipn i nastanepel srasker. t he
cell, and a conpacted, cuboidal columar epithelial form

4. The pancreatic progenitor cells according to claim 3, wherein said cell
marker is selected from the group consisting of cytokeratin-19, carcinoembryonic antigen,
carbonic anhydrase II, and cystic fibrosis transmembrane conductance regulator.

20

5. The pancreatic progenitor cells according to claim 4, wherein said

pancreatic progenitor cells have the morphology of small and round, about 10 pm across

the cell, and in a highly compacted columnar epithelial form.

25 6. The pancreatic progenitor cells according to claim 5, wherein said
pancreatic progenitor cells can further differentiate into acinar cells expressing amylase and

wherein said acinar cells have the appearance of large clusters forming acini.

7. The pancreatic progenitor cells according to claim 5 wherein said pancreatic
30 progenitor cells can further differentiate into ductal cells expressing cytokeratin 19 and
wherein said ductal cells have the morphology of small, round, about 40 pum across the cell,

and a compacted, cuboidal columnar epithelial form.
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28 WO 01/ 77300 PCT/ USO1/ 40487 8. The pancreatic progenitor cells according
to claim5 wherein said pancreatic progenitor cells can further

di fferent\wat@/ms0 islet cells expressing insulin and gl ugagamsoaachs7 wher ei n
said islet cells have the appearance of epithelial islands surrounded by
acinar 5 exocrine units. 9. A nethod of isolating the substantially pure
popul ati on of human pancreatic progenitor cells of claiml, conprising the
steps of (a) ngcrodi i [: itor
el s to yielda ni popipyis Batiood (iuily kil BAHERARLLE pRGERR
pancr eat i progewige kellsosandatthe; différenipdta dito gsldtleellnexpeeksingindudihiaad ghicagaingideat i ¢
cells in nutrient. nedi nder, culture condjtjons sufficient to sustain
life of sENEreHLRG s P%lsﬁmegmpaﬁare%q%f cg 1wﬂ§i@dﬁsw@mdﬁ%by AERT nedi a
cont gi ns i Rhs. consisting of. insulin, transferrin, epidermal growh
factor, ethanolam ne, phosphoet hanol am ne, selenium triiodothyronine,
progesterone, 15 hydrocortisone, forskolin, heregulin, aprotinin, and

bovi ne pituitagy gextract;.. .majntai ning suitable culture conditioQns
QU116 ont to & et yiRBALY Bk optlatonot Ryt gt ato:
monol ayer pigEmEr icails offdMind flcomipRisits ikl 8% s¥ai d aggregate or nonol ayer
formation to select for the substantially pure popul ation of pancreatic

progeni t or de}irodigediing ssamechafchuofangdetel pahicragtia psagenite weils tryieldrmmobgén t o
a het,erol ogous. recipient, conprisi.ng introducing.a urality of pancreatic
pr od@ni t obotLfton o gafergiic sl Fomprsi pancrs i progtiith &USt ect i ve to | nduce an
i mmune r espqBpHlatifg BRI Hixe poPilSIdn ofpandrbatidcdIRlA AbtrRht G168 LAddrRg]HmaN

pancreatic tissue nodels in an__inmunodeficient or inmunoconproni sed
non- humancorslitirisisaiicient fpsustain lismipridgianereaticprogendior e¢llseandiwlieseintheng a

popul at | oPgpOfEs PR Bl B Rls ORI S e P BraopR bR 1 P

reci pi ent fagtorpethaRinias phospliosthansldmi®s sdettin, trieddihyrosiat, ogdstraie, abl e. to
suppart growm h and 30 differentiation of said pancreatic progenitor cells.

29 WO 01/ hrdsoepriveoneJouskoking Beregulsn, aprofinin, aed bevipe BIRIETHEERSE] therapy to a
human reci p'(@ﬁﬁlain&ﬂﬁﬂé bisitag ddire conditions sufficient to allow pancreatic progenitor

cells to form aggregate or monolayer formation; and

(d) subculturing said aggregate or monolayer formation to select for the substantially
pure population of pancreatic progenitor cells.
20
10. A method of providing a source of an immunogen to a heterologous
recipient, comprising introducing a plurality of pancreatic progenitor cells as recited in

claim 1 in an amount effective to induce an immune response in said recipient.

25 11. A method of generating human pancreatic tissue models in an
immunodeficient or immunocompromised non-human mammalian recipient, comprising
the step of administering a plurality of human pancreatic progenitor cells from the
substantially pure population of claim 1 recombined with mesenchymal tissue into said
recipient at a location within said recipient, said location being able to support growth and

30 differentiation of said pancreatic progenitor cells.
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step of adm ni stering human pancreatic progenitor cells fromthe
substantially pure population of claiml into said recipient at a | ocation

wi thin sajy §1p64gei ent, said location being able to supporgcgi@ibysand
differentiation of said pancreatic progenitor cells. 5 13. A nethod of

providing a source of pancreatic tissue-specific biological conponents in
a phar maceut i ctl. dedeheshodof providorgcetirtherapetody lugsarceniprans i aompiisioigdbé ng  t he

popul ati on of . human,  pancreati c_pragenitor celi; as recited.in claiml1, and
st ng sai B0 BEHITHBLISIRE TuEgn prp PR dpectifor Seily Tl e SbsBAN G he cel |'s

t her eof agofuddtid@lof cRim ANftoWaidieEiPient & Lobtfoniiilah s&ig vedipiRE Blid 1dedtiofr Met hod
of providing a source of nucleic acids or proteins in a devel opnent of

bi oassaysbaugihle & spprE @rewthegd differentiatign jof said pansrentisinregenitonsallie hunan
pancgeati c progenitor cells as recited in claim1 and using said nucleic
acids or proteins as 15 one or nore of the principle conponent in the

bi oassays. 15.13The Amhdihed 6f proVidin® alsbubddrdffpancreabaiissad-peecifichislogieabf

i mmunosuppressing. the recipient. 20 16. The nethod of claim 12 further

conpri si ngPrpRICEE dpa phargraseytigahdevslapmenpalencasmare grugg eampesing dsolagingn g

barrier [ ] 111 I: : r t -ecl pPhent

o % Y O ot R TN Y S SRR 1 U P o
pancreatic progenitor cells or any cellular part of the cells thereof as targets of one or more

10 drugs under development.

14. A method of providing a source of nucleic acids or proteins in a
development of bioassays comprising isolating nucleic acids or proteins from the human
pancreatic progenitor cells as recited in claim 1 and using said nucleic acids or proteins as

15 one or more of the principle component in the bioassays.

15.  The method of claim 12 further comprising the step of immunosuppressing

the recipient.

20 .
' 16.  The method of claim 12 further comprising the step of providing said

pancreatic progenitor cells in a barrier device that limits the immune system response of the

recipient against said pancreatic progenitor cells.

30



