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FIELD OF THE INVENTION

This invention relates to the discovery that an intermediate, differentiated
stage of pancreatic stem cells exist that can be encapsulated and matured under in situ
conditions to produce a stable culture of cells that produce insulin production in response to
glucose. These cells are valuable in that they are both expandable ‘and stable in culture and
can be driven to late stage development. This invention avoids the step of in vifro culturing

these intermediate differentiated stage cells into late stage pancreatic cells.

BACKGROUND OF THE INVENTION

The mammalian pancreas develops from the embryonic foregut bud. As the
embryonic buds grow, a ductal system develops by branching morphogenesis. After the
ventral and dorsal anlage fuse, the new organ grows and matures into two interlocked
structures, the exocrine system and the endocrine system. The majority of the pancreas is

composed of acinar cells that produce digestive enzymes. The endocrine system includes f3-



(increase in the nunber of (3-cells). In Type | or insulin dependent
di abetes nellitus (IDDM there is a clear reduction in the nunber of
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procedure would play an important role in the treatment of diabetes.
Although the transplantation of human islets shows promise as a powerful treatment
for diabetes, a number of impediments exist that presently limit the utility of this procedure.
One significant impediment is the inability to produce sufficient numbers of islet cells for use
in the procedure. Presently, the process used to obtain islets for transplantation typically
involves isolation of pancreatic tissue, enzymatic digestion of the pancreatic tissue to liberate
the individual cells from the surrounding tissue, and the use of a gradient centrifugation
purification technique. The gradient centrifugation purification technique is well known in
the art and is performed by many islet transplant centers. Unfortunately, the yield of islets
from a single pancreas treated with the standard procedure is usually insufficient for
transplantation. Accordingly, alternatives to this procedure have been sought and developed.
A method to selectively propagate intermediate stage pancreatic stem cells has been

developed. Briefly, after isolation from donor pancreas, cells are allowed to recover in high
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transplantation. The cells were i munostained for (A) CK19-1, (B) Insulin,
(© ducagon, and (D) Somatostatin. The magnification is 60X. Figure 2:
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capsul es). The test s done_.35 da after transplantation. Figure 8:
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(D) d ucagon, (Eg Anyl ase. The magni fication was 60X 3 WD 03/ 059072
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' nsd Iinqmunostained for (A) CK19-1, (B) PDX-1, (C) Insulin, (D) Glucagon, and (B)

Somatostatin. The magnification was 60X.

Figure 5: Figure 5 shows encapsulated isolated islets after 28 months in
culture immunostained for (A) CK19-1, (B) PDX-1, (C) Insulin, (D) Glucagon, (E)
Somatostatin, and (F) Amylase. The magnification was 60X.

Figure 6: Figure 6 shows Blood glucose levels in nude rats before and after
transplantation of 4,000 encapsulated HD357 islets (in 200 capsules), which had been
maintained in culture for more than nine months. One hundred grafted capsules were
retrieved on day 118.

Figure 7: Figure 7 shows the results of oral glucose tolerance tests in
recipients of 4,000 encapsulated HD357 islets (in 200 capsules). The test was done 35 days
after transplantation.

Figure 8: Figure 8 shows protein expression in native human pancreas.
Samples were immunostained for the following proteins: (A) CK-19, (B) PDX-1(C) Insulin,
(D) Glucagon, (E) Amylase. The magnification was 60X.



secreting cells. In one enbodinent, the cells mature into an aggregate of
cells. the cellular aggregate has a mantle of CK19-positive cells and an
i nner celworma®s0ef bet ween 50-5000 pancreatic cells and ras/wsodimnet er of
bet ween 50 and 300 microns. In another enbodi ment of the invention, the
mammal is a diabetic human. In one aspect of the invention, the cell
culture has an insulin: SEMMARKAF BIEINVENHONween 1: 10 and 100:1. In
anot her enbodi nent, the encapsul ation includes the follow ng steps:
surrounding the cells with alginate to nake a capsul e, cross-1linking the
alginate with a divalent cation, and providing a_polylysine nmenbrane to
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rraturgetckqlgl QEpgrowt h while encapsulated. In situ growth or maturation can
t ake pl ace |n whi | e |n a culture vessel or after inplantation into an
animal. "Mature" or "maturation"” refers to a process where cells progress
froman undi f f &x et éralteddimentathe cels matiird fnde amegesesate eftcglls. theselldranpl e,

undi fferen t ed cr I r press
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ker at bfibetegtrokdDand 100:9.

In another embodiment, the encapsulation includes the following steps:
surrounding the cells with alginate to make a capsule, cross-linking the alginate with a

divalent cation, and providing a polylysine membrane to enclose the capsule.

In a further embodiment, the invention provides encapsulated pancreatic cells
with the following properties: (i) the ability to proliferate, and (ii) both the unexpanded and
expanded cells are 90% PDX-1 positive and have an insulin:actin mRNA ratio of between
1:100 and 1000:1.



"Insulin:actin nRNA ratios are nmeasured by band density using gel scanner
or by real tine PCR using different labels for insulin and actin. It is an
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“Implanting” is the grafting or placement of the cells into a recipient. It
includes encapsulated cells and non-encapsulated. The cells can be placed subcutaneously,
intramuscularly, intraportally or interperitoneally by methods known in the art. A

“Passage” of cells growing as a monolayer attached to a surface usually refers
to a transition of a seeded culture container from a partially confluent state to a confluent
state, at which point they are removed from the culture container and reseeded in a culture
container at a lower density. However, cells may be passaged prior to reaching confluence.
Passage typically results in expansion of the cell population as they grow to reach confluence.
The expansion of the cell population depends on the initial seeding density but is typically a 1
to 10,1to 5,1 to 3, or 1 to 2 fold expansion. Thus, passaging) generally requires that the cells

be capable of a plurality of cell divisions in culture.



porcine, rabbit, chicken, and the |ike) and devel opnental stages (e.g.,
fetus, juvenile, or adult). In certain enbodinents, "serum' also refers to
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P a%uIt). Aﬁx certain e%b%dlments, “serum” also refers to serum supplement or replacement

products obtained from fractionated serum or other sources, e.g. Select Soytone (Becton
Dickinson) or other commercially available products. Such serum equivalents may be
completely or partially defined.

“Mantle” refers to an envelope of cells surrounding in three dimensions the

inner cell mass.

DETAILED DESCRIPTION

This invention relates to the discovery that an intermediate, differentiated
stage of pancreatic stem cells exists and that the pancreatic stem cells can be matured into
insulin producing aggregates while encapsulated. These pancreatic stem cells recapitulate the
cellular architecture and function of encapsulated islets isolated directly from pancreas. The
pancreatic stem cells provide the benefit of being expandable in culture, while the

encapsulation procedure allows control over the size and number of cells with the aggregate.
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pancreatic material isolated fromdonors ranging in age fromenbryos to
adults can be used. In another enbodi nent, pancreatic cells are isolated
froma cuwouwseshospurce. For exanple, cells prepared accordirrpor/ecihe

m croencapsul ati on method of U S. Patent No. 5,762,959 to Soon- Shiong, et
al., entitled "M croencapsul ation of cells,” can be harvested as a source
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can alkelpphsulsisidis Shp i dreh :ﬁ'iaﬁgﬁ‘ aﬁ%éﬁﬁéﬁﬁpﬁ% badse Ofhik hteinBaet Qe W t hout

further “separation, and w yi e the internediate cell population. In
one epdeeatsraten hell pemilationdised amihie paasent inedntioh aan thas be isllatedfrpmrdobbed by

centrifugati rou a densjit radient (e.q. coden Ficoll, or
bor oo PrIciBls, HeslY SEARADaAERR Qe bRtnEN bt el pmdsy RUSRAGRAD ppirigh theyo

5, 739gﬂ5?v§3thdf%ﬁeﬁ%di'a&@ﬁ'ta@@pﬁlcf@ﬁﬂ§tefrpcfell§.n"i ching the processed pancreatic
material inislets. The mxture of cells harvested fromthe donor source

will typically be heterogeneous and thus contain a-cells, p3-cells,
8-cell's, dyctal Ifo‘ﬂo#%o 1ac%i nar cells, facultative progenitor cells, and

ot her pancréatic cell ?ypes. A typical purification procedure results in
the separation of the isolated cellular material into a nunber of |ayers
or interfaces. Tihgidoabl spurdewan babae bames: doner parnchedes, frbheculfupel i nterface

Suisp oREHFERC LS8 SOt1a SPTE G B LY e oyt 3 SRR IBGBAIARFBH of cel | s
el | o G B i e TS Bich B EYEfonked e
t ypi c &bt spbeaguemnticudtuying amroblamgdfa@#donea oi mare dalatesl pasoneeseenThappéwdss| et s,
described herein are not dependent on the age of the donated pancreas. Accordingly,
pancreatic material isolated from donors ranging in age from embryos to adults can be used.
In another embodiment, pancreatic cells are isolated from a cultured source.
For example, cells prepared according to the microencapsulation method of U.S. Patent No.
5,762,959 to Soon-Shiong, et al., entitled “Microencapsulation of cells,” can be harvested as

a source of donor cells.

B. Isolation of pancreatic cell populations

Once a pancreas is harvested from a donor, it is typically processed to yield
individual cells or small groups of cells for culturing using a variety of methods. One such
method calls for the harvested pancreatic tissue to be cleaned and prepared for enzymatic
digestion. Enzymatic processing is used to digest the connective tissue so that the
parenchyma of the harvested tissue is dissected into smaller units of pancreatic cellular

material. The harvested pancreatic tissue is treated with one or more enzymes to separate
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and sone ductal cells. Ductal tree conmponents can be collected separately
for further manipulation. The cellular constituency of the fractions

sel ect ed worosfosaorher mani pul ation will vary dependi ng onPaitiushzirwact i on of
the gradient is selected and the final results of each isolation. Wen

Islet cells are the desired cell type, a suitably enriched popul ati on of
i sl et Papepatic ceililar maggnial.sybstructres; a@i gividial parcsatisioslla fromdhe ovarallo t o 100 %

i sl et (gRl Sy t t i n al so be
nar ved U e BRigR . Chiléhasel PR BefROb e b R USs "descr  bed
her ei ®atsats Noe 5,&3@@[74/1« 4nid 5233,485) and atherlerfzyares tfecconteagaited fortues wathehe f rom t he
pelle or. fro er.fractions, depending on the purification gradient
used. “i“?llih(lﬁiﬁéhsé?ﬁgﬁﬁég i nt er medi at e pancreatic cell cultures are
generated from pidigel §J)lﬁ¥:e ﬁﬁférﬁh@ﬂl deBRAED rf)éé&‘ﬁéd tg Rnriéff bhOBAbLY, however,
t he nore heterogeneous second I nt erface ottom | ayer ract I-ons

t hat tdggitedaell populatiaisn Howexcbr aeﬂfﬂacqmpmdmanmatmﬁssusm:cs disBocie DR 059072

PCT/ USO /41616 I
T R o ARG, Bt o Yo s B PRRER o

cul turs,epara\%ml aldawnhyieﬁmesmeﬁwdwt@ca Bpd mﬁaalpﬁ 6n@ém96dﬂneﬂt thé iséﬁdtécp the
I nternedi at e sta&i popul ati on described herein, each |ayer may have

par t i Pandpaticaelialar mypéasial tﬁrp\m@@d\bb’ chntrifiegatips dirougiva denshy gmdient (e.Gener at i on

and p f he ncr.ea | ation
con3Ral FRof ot EERPlnle Bk 2R AR MR A oMY ma R ai nea

and i §Q7|391063 cdnlteyusad as E!ﬂe‘aﬂi £l chificharig th@@ﬁ’dbebdeﬁ@ﬁnér@ﬁic BeeR4llin idéts,

propagatiqn of the desired internediate stage popul ation, or in other

errPlodl Frigturg of cells hagyested fiomt thgdpaer seprcgyyl tYiﬁ?‘ll’erbecltqthrOgG}lp@? an@ener al
ol | 5 Tix Bhin FRERO I ADG-Fl, Bcch U b B 5 WM give proel oS 8)

Typi cakﬂeyparm@émb@anltgﬁpdgel |s are cuI tured under condit | ons appropriate to
ot her mammalian cells 1g in humdified incubators at 37C in an
at nosphere of 5% b@caimélll 1eation prasedwgresyitein e sepapaiianeafheisoleiglst r at es

known oL 15 NGat@fik intca fu bé}%rf?%}eﬁ &%t%rf?ée@s %Xb# 5 twB ik }Etgcses a%u fiesy ¢l oning

rings wth negative SUrtace ¢ arge, ue cul'ture es, 'di shes,
fl ask&he ruppetrlmmﬁhd:e Blisitieenrichedhral ﬂyprcslly\cdsrhamm ¢0 ensEds dulawtlls insur f ace area

GSA) or eal IVbnto finish, flasks th multiple
|(nt ez ﬁ%ﬁpe’éﬁﬂ ?WCP%E’E%@*E’C I éﬁ%ﬂ%@‘g}’d lation of CQ’,“V{ﬂ\fHPHg &1‘36:\? ai ners.
Once taE'iﬁarPﬁﬁtPﬂ&ﬁﬁl‘ 116 The!batiorfTByBF isThe PRt AR RAMASE AMARToRELARLED T Or

gradient. This layer typically contains primarily (>80%) acinar cells, some entrapped islets,

and some ductal cells. Ductal tree components can be collected separately for further
manipulation.

The cellular constituency of the fractions selected for further manipulation will
vary depending on which fraction of the gradient is selected and the final results of each
isolation. When islet cells are the desired cell type, a suitably enriched population of islet
cells within an isolated fraction will contain at least 10% to 100 % islet cells. Other
pancreatic cell types and concentrations can also be harvested following enrichment. For
example, the culture methods described herein can be used with cells isolated from the
second interface, from the pellet, or from other fractions, depending on the purification
gradient used.

In one embodiment, intermediate pancreatic cell cultures are generated from
the islet-enriched (upper) fraction. Additionally, however, the more heterogeneous second

interface and the bottom layer fractions that typically contain mixed cell populations of islets,



culture, or once a population is confluent and is to be transferred to a
new substrate, a population of cells is seeded to a suitable tissue

cul ture cwotoaiosmr2 f or cul tivation. Seeding densities canPoawsozmeed fect on
the viability of the pancreatic cells cultured using the disclosed

met hods, and optimal seeding densities for a particular culture condition
may bacinatearet dricted deldngyi ductzhitey comypansats; aejnarieells and some eptrappedieells di f f er ent

densities .a noni.toring,.the, resyhtj c Y rlobifg ation
ot e TR oBY R el iR Bl SRl SRR U
pr odugid® the BRRIRESHStd pulitioh Sescribed hesirg eachylpyarahdyyhave phiticular
concentrations range from about 102.to 108 cells per 100 mm cul ture di sh,

e. g. , adaptagenr uspwith thedjscloged methods. oy 108 cel I's per 100 nm cul ture di sh,
al t hough I ower cell concentrations may be enployed for cloning procedures.
Cell concentration for other culture vessels may be adjusted by conputing
the r¥. ati Genstdtionr aidpropagsiien of apimadatiatestigepapaseaticstamgell sur f ace
area for a different culture vessel. For exanple, a typical 100 mmcul ture
di sh has aP9PW@tion/ 059072 PCT/ US02/ 41616 substrate surface area of 55
square centineters (see Freshney, supra), and a cell concentration of

10,000 cel lys peigdlesd] ceRchRAROPIRedredbout 180 cells per square centineter,
while a ce concentration of 100,000 cells per dish corresponds to about

1,800 cells per square centinmeter. Cell concentration in terns of culture
vessel surface &vesathepnpratieselsaee obiained pnd isplatednthed rosluppdmdss of nedi a

| by..usj ng t i at di a. : 0.2
R e B S T s T s R
fol d epbBainsdn®) fétake GifRténtiaton bhRorahhiaredel typsn\Genetay celhaultwat i ¢ di gesti on

and counted under mcroscope in a known vol of f)uid. |1.,s may al so be
gr own msthasielagyrmaybe forad & Breghney oGriddred ﬂﬁ’"@féfra'eﬁl{éﬁ prugh gf? &'ar matrix

conpo 0 0 - i I AahbRRg culltul¥danRIet i N,
ol | aq et ain FpRRigy ASChabdk, Tupleally il deisdro clRaNIER 0 o
| ani nicBditiShpappesytiaceiol otiedt nhaniaalpamopeilg,d £.0in Huetifified irsibatos at 3i7tGH &n f or
practice of the | nventif)n. Wien cel l.s are .gﬁryo 'n@%l%%t ched.tg a culture
Sur f acBmowietr &% (b Calls jray oo AITzed Sn Snary A andRtasRhgN B Beget

cont YenGrsintAERRLAL nifikelidhel Rlorkdierisglwim At ehaaredhipom t he
surfacé€ by proteofytic digestion and split 1:2 or 1:3 for culture in new
vesselplastibitighuerculture tubespdishesf flaske, multi-welhplatas) enntaingrs withdncrgassd gEgwth

between the ra of 1:4 . to 1:10 [t h V. entrations

or o stk ares BAS i Eso hegtal DAd e LR RO Bl Ak, pth mRTIE T 1 2

enzy NgsteAl sk 18 ihdiehs8 G, Feaitvel Bigs adndywthervaltee cohieineee| | s are passaged in

serumfree medi a (e.gﬁ.ﬁ, 0.025% trypsin and Q.53 mM EDTA).. %ﬁeh:{e mediumi s
pan

typically chand@uapert ofrasircollypr mpterak hqs bpen WV?SFF@T o cates that

fresh crirlftgli'elfg} (i)ﬁce'llepeo%ﬁﬂxtion is confluent and is to be transferred to a new substrate, a
population of cells is seeded to a suitable tissue culture container for cultivation. Seeding
densities can have an effect on the viability of the pancreatic cells cultured using the
disclosed methods, and optimal seeding densities for a particular culture condition may be
determined empirically by seeding the cells at a range of different densities and monitoring
the resulting cell survival and proliferation rate . A range of seeding densities have been
shown to be effective in producing hormone secreting cells in culture. Typically, cell
concentrations range from about 102 to 10°® cells per 100 mm culture dish, e.g., 10%, 10°, 10%,
10°, 10%, 107, or 10°® cells per 100 mm culture dish, although lower cell concentrations may be
employed for cloning procedures. Cell concentration for other culture vessels may be
adjusted by computing the relative substrate surface area and/or medium gas exchange

surface area for a different culture vessel. For example, a typical 100 mm culture dish has a



The pancreatic cells of the present invention may be cultured in a variety
of media. As described herein, nedia containing or |acking particular
conponentwp oadpwct al ly serum are preferred for certain greasoviicidhe
i sol ation and propagati on procedures. For exanple, cells freshly isolated

fromthe pancreas na e nmaintained i n Kigh-ser i t he

o TSP ERRR wrehth et Shaiha e Fesdu ey A ot B OA MC
f avorgsy 1olmosRiIs péd Ash difbspoiadd abduR N 80 tellper B irerehtiatetersivhideea peipul at i on.
Accordingly, a nunber of nedja fornulations are useful in the practice of
the igpneentiaion of 480,080 pells pepdish camrespradfiosdprish#0teslls Per WUA: exenpl ary

pur pose nd -criti . 0 ' | d-ted,

ubery e Gaftaiterl i RN Aot MEurEaa IR CRIAT bIE,

var i agoneéntaitiohhe teree lof efidiacmhane bty fifing drtdpatapoiateaheditgolusielpepogtirat i on,
using the assays described herein. See, e.g., Stephan et.al.

Endocf¥iaes 8w (@X-Zo:%‘smi/sgl?l a(%‘@@‘.@?l)r?mgﬁﬁ&?‘iﬁt%umﬁuéet)ug 8 31"?69“3’8&{)‘}? 1Q é‘ﬂg basal
e Ugpailibt Had QUL HEE b B4R coveR bl SnzytilifcaligostiahitPocifiedngy t am ns, - an
energy - source, and, I'n sone cases, additi'onal nhutrients in the form of

or ganmicrostbpe ireakaives valooheif €oid: SColls mayaalsabegiomnainaudiuiersupieeasgirer, 10 WO
03/ 059072 PCT/ US02/ 4161 nucl eic acid, carbohydrate, .or J|jipid bolism
Basal 9% with 4 IQFé{epxﬁf‘z?ql“@éé‘P’ﬂé“é CRIERPIENE 1P (FREQUTASE STE I ar“élad‘%fz’ﬂ‘% RPM

1640, (reag 1t ofkoHnl 081186 enf 11 Bn @it AMEMm -8R 6rm i dheX, Sind Jaefeldbey RoRygenIWDr a.  To

support-the growth of ceills, basal mediumis usually supplenented with a
sour cer lamimgnpwt h factors, other proteins, hornones, and trace el enents.
These suppl enen ncour.a rowt h,..nai | r j ation of
cells, corrpensgfaélg?r CeFlﬁ'gﬁW?gtpf%?g%?o 8%”2 F(r‘;il?% “ﬁg?{e%roﬁhéﬁcgé)%%énents, and

Pr ovi Bembidi. OWHUER L@ de glowiks Mtached idheciliasasurfaed) theg ark typieally grtowhas e nedi a,
serumis the source of these supplenents. Serum can be supplied froma

var i empnolayeramiih 80 % YWa corflienes is reashed ahhich nogsithecells grefeleagsd from,  and
the | ke nd fr | %,k | L8, r y, supra.
Fet al J(hlg \i}ff%%edbsbéw(ég%o%g}é aélg%&&%gﬁgpggé' %‘Lg% er ncéﬁyfeq?%ﬁvgéﬁtgs regst' iqg1 fs}@rof serum
are ghpiesofthd dellk ardasoduitdbleLpanenilybetweendse mngeoLEAt@add 0pdlthohgh t ot al
medi um vol une, and typically range from about 0.1 taq, 25 (( 2.9, about
0.1, ovenlowyexrcellcongentiytions alaapglsop% tegn c plrlﬁd?roie:gl}lreszgff)ngefn 19?%%1 (ffn Sone
appl | glg)ttéoq c e&?ﬁe?%ﬁ@l:héfﬁﬂ%g‘h?bﬁt% aRURRABRNLS Whirhcetie bid1RBsaged &L -

m es o act

defin tur gr owt ors, hornones, and mcronutrients, rather
t han wértun-Ses media (Egr, .025% trypsirsard 3 oM EDTvn tCulivppmedisnt is terieallyi scl osed

herein; others are. kno in t rt_or. il O Cj ource
(seeI %ﬁﬂg‘y?’e kiyor *@tﬁ' 1?@9)}% Ogﬁ}?d'ﬂ?%ﬁ;{g#w%%eﬁa{:%%?éﬁ Fat il%frll@elgF &sgr umsi S
I overed but not Tekipghétehtchelld BPthdPrésarinOéntiva fhaydef qultarkd is uvptietywit

m xtures are added to the basal nedium_ Preferred applications for nedia
media. As described herein, media containing or lacking particular components, especially

serum, are preferred for certain steps of the isolation and propagation procedures. For
example, cells freshly isolated from the pancreas may be maintained in high-serum medium
to allow the cells to recover from the isolation procedure. Conversely, low-serum medium
favors the selection and propagation of an intermediate stage population. Accordingly, a
number of media formulations are useful in the practice of the invention. The media
formulations disclosed here are for exemplary purposes, and non-critical components of the
media may be omitted, substituted, varied, or added to simply by assaying the effect of the
variation on the replication or differentiation of the cell population, using the assays
described herein. See, e.g., Stephan et al., Endocrinology 140:5841-54 (1999)).

Culture media usually comprise a basal medium, which includes inorganic
salts, buffers, amino acids, vitamins, an energy source, and, in some cases, additional

nutrients in the form of organic intermediates and precursors that are involved in protein,
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contai ning high or |ow concentrations of serum are described herein. B.
Mai nt enance and propagation of isolated pancreatic cells in high serum
Cel I s harwegseshofz om a donor pancreas have usual | y under goog/isopersiod of
warm or cold ischem a between the death of the donor and the begi nning of

the isolatio rocedure. ..Nor egy dug I | | r e,
pancrlé'é(il?lﬁ a?:lg’l ﬁagbogﬂygr%%ﬁélhpﬁfilgg%ﬁéés ééﬁ %s%ﬂg%@? é%ﬁilgafclaé:ug?ia g?ﬁ\gﬁ%s wel | as
mec haDulbatcoAdhodifRAMEM @MEM), RPMIAGH0V B intigtureof el DadIdMBM, amdpar t i cul ar
theory, the various traumas experienced by the%%@gel |.s may u%-regul ate

var i obtdersc See Hreshngys grenras do suppart the grawthiof celffe msdivgnisgsigliynereat i ¢ st em
cel ' . ' | I tate cell
popul a (T)!aqugetn 'ﬁ%& %}égg‘éﬁggg %‘Jé%m}yﬁg?og%zé?r??gg?%?%%%?@%i %r?c%/&%;%}[ p alct:S?ng cells
i nt o Theyesepplementseacoicageqirbythatiaditeriancd, atd/ondidferqutintién obeellen. _

DT occHPEEHa T ITRFEUSRIPEOEES & PSS UHArPoL e i PAPTIEe BIRPRAERTh (o
proce 1val to
cult Uiinbln (% CAGTELNER. APHlah bhifut edBAdRif s iBuick 88 Mee | SOl at ed cel | s
in a stabllizing mediumcontaining high concentrations of serum(e.g., >
4% t supplgmene Senemehi be iseppdigd dfom hwanaty ofimamgnabian seurses, Fyrhgs kymanenance 11

WO 03/ 059072. PCT/ US02/ 41,6 eriod .be brief e '

Cpt  oRAYIRG oviss P, nd ineten B ) oY Fertis &rfeioctiros PR FIder 1 0q
hi gh- sg54NFERMbdVIme $reil S8 cotindaRi wed Qippidnadiit Condenaatimd df seypi @8l |y
contain at |east 4%serum and, in sone enbodinments, will contain a higher
conceppressedin tefmsef whnwe of serumis gopsrcengs of e detal mediamrwlume.#8A| i zati on or

propagati on _my Jbe ri f a b InURS 648,

Do+ BB AR 8 B0 e 2 S R OO AT WA PR S s R0 jam
Med Ageas 2599 Ink8ne2pplidéifons,)the basehmbdiom ibbepplanenied withidafifierorsainiv enance

or propagation include Medium3 (RPM 1640 + 10mM EPE}(lS, 2,nﬁ\/| | utam ne, 5M
Znsoade rm%dmmy@s f srpwHblackess, dermencs.Aad)yICIoRYeRE; [AReF RaPKAD WY + 10nmM
HEPES ] ' ' al so be
deri vga&g@&mﬂ)& ?%rgmaﬁﬁggé%%g rer\rllglpg ?r%q%/%clfﬁ% R‘?"S’g? Eb r%ﬁﬁrégfg ulgnﬁgggﬂ@%% Medi um
3 or Wi availabls fidn aomareréialdoarces (set Hrmhdy, sgram Foreemeedibodinsants; thes  SMD5,
SMB6, or SMB8 (described herein) to arrive at .a desire er,um
conceRPRegRiraipQf sgrum yolpwerggabut %l%tre%&l%?cﬁ iaﬁ‘ifi?%rﬁdaqr F%‘Pl‘ﬁﬁﬁ?ﬁ st, cells are

conve @ﬁérh%tﬁﬂgﬁu&‘éseﬂe hilded 16 Yhd BHs 8 mBSA S Préfbrrépplicmedns b mbdigensi ties in
a hig erum nedium (e.g., 109 cells in 70 m of dium 7 (20% FBS)).

Howev eontainingsigle ef lovdensentiations afisesem ara deserdedihestitons may be enpl oyed as
well. Cells are typically maintained in the original vessel for a
relatively short time (e.g., overnight) to allow for recovery fromthe
har vest i ng gr oc dlain€enance and propagation of isolated pancreatic cells in high serum

Cells harvested from a donor pancreas have usually undergone a period of
warm or cold ischemia between the death of the donor and the beginning of the isolation
procedure. Moreover, during the isolation procedure, pancreatic cells are usually subjected to
proteolytic digestion as well as mechanical and shear stresses. Without wishing to be bound
by a particular theory, the various traumas experienced by these cells may up-regulate various
cellular processes that result in the expansion of pancreatic stem cell populations, such as
facultative progenitor cells. Intermediate cell populations may be generated with satisfactory
efficiency by placing cells into low-serum media directly after isolation or purification.
Nonetheless, because the trauma experienced by cells during the isolation procedures may
have adverse effects on cell survival and adaptation to culture, it is sometimes desirable to
maintain the freshly isolated cells in a stabilizing medium containing high concentrations of

serum (e.g., > 4%) to improve the efficiency of the culturing process. This maintenance
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Fol | owi ng the mai ntenance period, cells may be transferred to | ow serum
nmedi a for selection and propagation of the internediate cell popul ation as
descri bedwbesesqr2 Optionally, the cells may be cul tured iPeTAISKY/gBiG6er um
mediumto allow for proliferation of the mxed cell population. In a

Lyp o . SQverni ded into a
5 Bt B TR e Gl ¢ st |12 4

m Xt prepaghtidvepbiriod i8 higheselded mativin( 15% FBS). Cells are typically cultured in

this mediumfaqr. 7-10 days, Mduring which. tine they. nmay, 4r t nfl uence.
Once the cell s%wgg-ée%%?éﬁlécf%%ﬂ?lﬁ%%& lutt?‘i%lf/alf’?h%?%ﬁaén %talg%sg\ébé’d%n?\rﬁb

| ow %ﬁfl,‘iﬁ‘sﬂ% I ethtoRIm&fd, S4fl ¥ RtafrPRBRErABnEntratiBe of Sr@h¥Rek & W% et £0%.

popul ation descri bed herein. C. Expansion and propagation of an

i nt eMedla asel for sigbilipatinoy @gropagstiermmes be depwgsiremiadiesa ynediym s 3sn | ow serum

medi e reati c cells have been i . I re then
1T an MY Zod GvARDELRSR map ottt ol Qe BhBOL v Mokt 9765

pr opagat 15810681 988k 71 6575} TRy Ihadh-sum riddisfos elamenanee oedi um f avors
propagation of cells which retain the abl|ltést0 secrete 12 WD 03/059072

PCT/ y802ieation iclysiaidediami3qREMbE40e L oroMGRBES, HpMgintaming ShM Zph@s

potential ture into e | £ ferentd | I [ e high
ovol@ddp }b Qaﬁeée%w)%@%ﬂ‘&ﬁéﬁwggﬁ?épm s A
f avor. | pLARAY 3L AP ANSD,, BRE bOG) FBK). WigkBélifiehbdih ndyletsotr desivad by hexiagpense of

fibré%lasts and nesenchymal cells, "although gure epitheljial cultures have
not lpaeticuddrorturheof high-semui mediufrosuch pe Meditam 8 £ drddurn Jovigh 2 pafisvlant i ¢ cel | s

in the nethods of,.the j.nvent,j on yeieal .Y | | .al- | di a
MR e b s R R e G T e e G

mes enchusirel sGahd ohc&ftation 88.LSRYA ®E).tain period of growth in culture, e.g.,
2, 3, 4, or 5 passages depending on the expansion of the population in

each passage. Oner tahplzatipn sBerdharyash caba sPRNIgRtN £ultwed ip 2 AHBGed to favor
epi thel i al Il . gr.om.h from ' ' i $2 ' ee,
Py, Vestd grasivpn e bl ST FERRRLE plolfa o BPREIME I BR0TRRIIEL L5

Epi E hetaosh FBsypiHé\ce«éF,db@er\M @ﬁmﬁnﬁﬁemrmrseﬁm abﬂOpntr?tiwmwd : bﬂﬁm{ﬂl djt/@if as

contal nin a source o ro .norno , Jma e 0 0 Se C or a

di st i wiell. ge%wrattymalbffm%ﬂ@ﬁ&&d? ffh?gortr;’g??é Wséﬁ%f EEHPOYSY Srelir L sarmal s t hat
ret al QIRbkE S aftbw FHABGHER! hbmiR! hademb ppRBire( €. 0., PDX 1), but can be

further eren nder appropriaté” conditions to express high |levels
of pancreatic eRobewingehdwnimemesce fegiotlj colls maydysitransferrad to lowi-gggvive nedi a
suitable for culture of pancreatjc. cells are.disclose Lein, ot her
medi W&FJP@%?PPB #ad RIoBREELOR O?ﬁlée ‘Qfefmf‘g‘a%ﬁg P 0?@38%9 %f é(;e(r?’% n e:aal} epégé‘pans i on

of ephhiishdif) tHRceRPhdal) Bk icalturel itk hiphldefuniBiediting o ARvesRlpetietation of the

mixed cell population. In a typical embodiment, cells from the maintenance culture are

reseeded into a new culture vessel containing Medium 3 (10% FBS), Medium 7 (20% FBS),
or a mixture of Medium 3 and Medium 7 (15% FBS). Cells are typically cultured in this
medium for 7-10 days, during which time they may grow to confluence. Once the cells have
reached confluence, they may be passaged into low-serum media for selective expansion of

the intermediate cell population described herein.

C. Expansion and propagation of an intermediate stage pancreatic stem cell

population by culture in low serum media

Once the pancreatic cells have been isolated, the cells are then transferred to a
selective medium to promote the emergence of a propagating intermediate stage population.

This selective medium favors propagation of cells which retain the ability to secrete

12



The transfer to epithelial-selective | owserum nmedi um may be acconpli shed
after a period of maintenance in high-serum nedium ("weaning"), or by
transf errwogsibm®rzel |s directly into sel ective | ow serumpagdiSomfeod | owi ng
the isolation and separation procedure ("shock™). Either methodology is
suita I t d6 $dt5i6%hd BEEREB W Blafurs §ltd moROPUl ation. 1.
Pr epapéﬁr%aﬁcgg Sggfrgcqoﬁggﬁ{sbéwhgglgﬁﬁqé rrleglﬂaﬁ(sAs used 1 n thi smgont ext,

" | ow diffenentiutedi aelit whidhesesretechigh ewelis @f pandreajicl epdgcrirteHmmmetesuin geféraler um
Thus, serumfree nedia are a class. of | owser.um.nedia. Mdia with a
conce AP AR BImBBIMBYH PoRRarHe o LRI o6 SR Ao ts Coe Ehine GpARSe B 30,
0. 4% f8roblAsts dhdGrseRetHial Qel%‘f/‘hltlﬁfutgﬁ P86 SAMETAI iRMred Baw RABEALIBWNST DY
addi ng- the appropriate concentration of serumto a serumfree nedium or
by ni ke rguired donthe edvantagesus useof purereatinicals methe methpds efithevrventien.desi r ed

tratj . Conpl. et free. nedi ,
oot SR e B R L R D R AR |
of  gr gtdbIdsBCdGhSsenétlynedl cBIOL RIS Bfteral RO IAYT ELoiB Th LiBARE 416 18, 3,hor nones

and mcronutrients, which substitutes for the biological functions provided
by séremi passaged apending of the expansioped thasmpilationim gachinassagenposi ti on of the

suppl emental  mxt b | ]

prgloi feration of & es{;f%e%f’lgg‘é Iﬁé%l(k)l%iu‘fqg{e}@% 9%621%&@0?%&8%@2?%@3% e cell
popul a¢ll gfol)mh\ﬁmm &nﬁf@ﬁ@ﬂs@@sﬁgseﬁ'ﬁkﬁ—fﬁeﬁm&mﬁf(swsggiStql;illian: el dls s(t_lpag. :
acinar, cells_or connective tissue cell. ch ag fibrobl asts). e

suppl EreHead Hamedn J’étr%9z52§149&W@»&n@aﬁ%\\ﬁmM% TR G g%m% peeferably,

diff e'i&ﬂ-%h@&ﬂ dxfh??ﬁfcoﬁtaﬁ{iﬁ Q&Jr{;e HRL l'xd}ﬁllohe,trﬂa & Emplo§tdHoSsefeft fofa OF (O

prevent t erentiatton of astemcell population in order to maintain
hi gh distiast mipufatiohiof erapagaiing pahcrentiontells fiommadhdsmeBpntatsethiataktapanerkersya

culture nedia containin ro hor,npbne I s..used.. pronbte the .emergence
of a PERSRcEelldePanmen! @@p%&&bﬁ Dt i EriaBl SR AP DB HEat L on
W t hobndiStN B%xhRsPRigANS dDpascrBid drtiebidde RdBRnYs. Pdrtiblar¥piBéi@si zed t hat
GH can replace the mtogeni c substances ordinarily found in serumthat

supporselectte megdiawnitable foncultiraof pacieatic sallwira disslased herpmoberatier madiwns t hat
ronot.e the.overgrowth of. ] ess desirable. . ' o
P o o R h e o TR S B Aozt SehoBRREL AN or Biceial,

suppl &iﬂ@@él@dma}rlﬁtsurb@eﬁw}éﬂ_ni ng GH sel ects for propagation of a cell
popul ation with an internediate state of differentiatiqon. Wile tae

functions of GHT¥he tasferiq m@elﬁaééplffﬁslvmvw-mmwmaéfcbevacwm@e%@
suppl GRENS Bxl:ridcpcgf ﬁgih?e%iﬁce' i hféhts%ftﬂﬁlh{e\&ﬂm‘? %ﬂ%ﬂj, dr 9;1 ntaﬂﬁ"en‘ing the cells

directly into selective low-serum medium following the isolation and separation procedure

(“shock™). Either methodology is suitable for generation of the desired intermediate cell

population.

1. Preparation of selective low-serum media

As used in this context, “low-serum medium” refers to a media having less
than about 1% serum. Thus, serum-free media are a class of low-serum media. Media with a
concentration of between 0% and 1% serum, e.g., about 0.1%, 0.2%, 0.3%, 0.4%, 0.5%,
0.6%. 0.7%, 0.8%, or 0.9% serum, may be prepared either by adding the appropriate
concentration of serum to a serum-free medium, or by mixing serum-free and serum-
containing media to achieve the desired concentration of serum.

Complete serum-free media are prepared by supplementing a basal medium
(such as SM96 or 1:1 F12/DMEM) with a mixture of growth factors, other proteins,
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influence various aspects of cellular metabolism. GH has both direct effects on cells and

indirect effects mediated by IGF-I and similar molecules; in the intact pancreas, islet cell
growth has been connected to the expression of GH and the homologous hormones prolactin
and lactogen (see, e.g., Nielsen et al., J Mol Med 77(1):62-6 (1999). In humans, mature GH
contains 191 amino acid residues and displays a molecular mass of 22 kDa. However, in
addition to the commonly observed disulfide dimer, two peptides made of portions of human
GH (residues 1-43 and 44-191) have been detected in serum and have distinct effects on adult
islet tissue (see Lewis et al., Endocr J 47 Suppl:S1-8 (2000)). Various naturally occurring
derivatives, variants, metabolic products, and engineered derivatives of human GH are
known, including glycosylated GH, methionyl GH, 20 kDa GH, acetylated GH,
proteolytically cleaved GH, desamido GH, sulfoxide GH, and truncated forms of GH.
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0.2, 0.5,0.75, 1, 1.25, 2, or 5 mg/l, and most preferably at about 1.25 mg/L, where 1 mg of

recombinant protein is about equivalent to 3 IU of GH.

b) Other supplements

Typical ingredients added to basal media for complete serum-free media
include recombinant human insulin (0.1 to 100pg/ml), transferrin (0.1 to 100pg/ml),
epidermal growth factor (0.1 to 100ng/ml), ethanolamine (0.1 to 100pg/ml), aprotinin (0.1to
100pg/ml), glucose (0.1 to 100mg/ml), phosphoethanolamine (0.1 to 100pM),
triiodothyronone (0.1 to 100pM), selenium (0.1 to 100nM), hydrocortisone (0.01 to 100uM),
progesterone (0.1 to 10nM), forskolin (0.1 to 100uM), heregulin (0.1 to 100nM), and bovine
pituitary extract (0.1 to 500ug/ml). Not all supplemental ingredients are required to support
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suppl ement 14F described by Stephan et al., supra. SMB8 contains |ess
heregulin (1 ng/m v. 8 ng/m) than 14F. Thus, SM 98 consists of 1:1
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COMPONENTS My osi ne2Na2H20 29. 00 d ucose_.2000. 00 L-Valine 20.00
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]él 8gf gﬁi\%ﬂ %eao?gtcorsA Cbﬁ nzlz%i, 91(1) SO e[ i:zgsgg( € Slllj)CStltu]tC(P 9v1th|6thcgr l'cjl}lt%&)nrfs S oP t?le(eﬂ{
receptor. Likewise, heregulin, a ligand of the ErbB3 receptor, may be replaced by heregulin
isoforms and other ErbB3 agonists such as NRG2, NRG3, and NRG4, sensory and motor

neuron-derived factor, neurestin, and Ebp-1, heregulin o, heregulin §, heregulin y,
neuregulin-1 and neuregulin-2 (NRG-1 alpha, NRG-1beta, NRG-2 alpha, and NRG-2 beta.

Exemplary serum-free media include the basal medium SM96 and the
complete medium SM95, which consists of SM96 supplemented as shown in the following
tables. SM98 consists of 1:1 F12/DMEM supplemented with a modification of medium
supplement 14F described by Stephan ef al., supra. SM98 contains less heregulin (1 ng/mil v.
8 ng/ml) than 14F. Thus, SM 98 consists of 1:1 F12/DMEM supplemented with recombinant
human insulin, 10pg/ml; transferrin, 10pg/ml; epidermal growth factor, 10ng/ml;
ethanolamine, 61ng/ml; aprotinin, 25pug/ml; glucose, Smg/ml; phosphoethanolamine,
141ng/ml; triiodothyronone, 3.365 pg/ml; selenium, 4.325 ng/ml; hydrocortisone, 181ng/ml;
progesterone, 3.15 ng/ml; forskolin, 410 ng/ml; heregulin, 1 ng/ml; and bovine pituitary
extract, 75png/ml. Exemplary sources of EGH and heregulin in SM95 and SM98 are
recombinant human EGF (Sigma E9644) and the EGF domain (amino acids 176-246) of
human heregulin-p1 (R&D systems 396-HB/CF).
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Ni aci nam de 1.03 L-ArginineHCL 283.75 PyridoxineHCL 1.046 L- Asparagi neH20
18. 75 Ri bwDloaws7D. 13 L-Aspartic Acid 16. 325 Thi am neHCl PCTAB02/41616

L- Cyst ei neH20( non-ani mal ) 43.78 Thym di ne 0.6325 L-Cystine2HCl1 15. 65
Vitamn Bl12 1.04 L-dutamc Acid &5 L-Gutamax | 328.5 G ycine 89.375
dycyl - H stidyl-Lysine 0.000005 L-Hstidine HC1H20 38.69 L-Isoleucine

31. 24 -l ey €, 4.? 5 L- Lysi 1 82. = 13.12
L- Phexy j 2 6 43. 6 ne
38. 726%%12 Trypt ophan 6. 51 L-'V rosi neZ'Rra@%e( non- ani mal ) 35. 93000 va| i ne

38. 126uSQ®5K 03/ 059072 PCT/ USHW181616HEBESTr ansfer of cells td7Bé#dserum
medi aFENEMRHFO NG a cul ture dk05ancr edleilyperantkingo | ow serum Aedli a

pr onoFes0JohH,0 sel ection of a dedi ned pbioleat Aowd of cells with &D66
intergegi ate state of differentiation.LipbicsAcidel | popul ati on wiOl1526ont i nue
to prlgi'dlgrate i f subcul tured,gbit naiPliciohRedi gh expression l4gaml s of
pancr I markers such as PDXglye UnstNglphﬁ,g&qhe.QH@ popul ati o gAcretes

rel at | ow | evel s of pancy, eatic %ggl g hornones such agshrsulin,
but c ZF mat ured according t sge met s of the invention to yield
hi gh-S8&t eting cells. To transﬁé? ,
| ow B dium the cells map'B .i:a"u'
medi aNazHPOA, 101.5 .
NaH,PO4¢H,0 31.25 Ascorbic Acid 22.5
ZnS0,67H,0 0.416 D-Ca Pantothenate 1.37
Choline Chloride 11.49
Folic Acid 1.826
AMINO ACIDS Me/L i-Inositol 243
L-Alanine 11.225 Niacinamide 1.03
L-ArginineeHCl 283.75  PyridoxinesHCl 1.046
L-AsparagineeH,0 18.75 Riboflavin 0.13
L-Aspartic Acid 16325  ThiamineeHCI 1.23
L-CysteineeH,0(non-animal) 43.78 Tl.1ym1'd1ne 0.6325
L-Cystines2HCI 15.65 Vitamin By, 1.04
L-Glutamic Acid 18.675
L~-Glutamax I 328.5
Glycine 89.375
Glycyl-Histidyl-Lysine 0.000005
L-Histidine HC1eH,0 38.69
L-Isoleucine 31.24
L-Leucine 425
L-LysinesHC1 82.125
L-Methionine 13.12
L-Phenylalanine 22.74
L-Proline 43.625
L-Serine 23.625
L-Threonine 38.726
L-Tryptophan 6.51
L-Tyrosinee2Na,H,0 (non-animal) 35.9
L-Valine 38.1261
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or may be placed directly in |lowserumnedia follow ng isolation. Medium
such as SMB5 and SMB8 are suitable | owserum nedi a, although SMB5 yi el ds
slightly wopsos®ad2 i nsulin secretion upon maturation the eCTASDI®a | C
cells. The internediate cell popul ati on typically retains both the ability
to proliferate, and [ f fferentiation into

hi gh- secreti ng éndoctﬁﬁgﬁgekkéws (ri{)) i P@@?ﬁ/‘gh ability is generally
assessed by the ability of a culture seeded at a one density to expand to a
second density; Txangemngelduﬁumlcﬁt’tpadcraatlcm&mlsd:celolwssqmm mefliapwmndentheret er may
be expanded to 1,800 cells in.a, si SS repegted cycles
of prelssideR Pivhdefingd paruiatien oﬁcaélls Jith apgintery %F‘tﬁt Fag%"@‘ﬁ?ﬁ%eé}?l% oéﬁ e%%cr eatic
cel | SPRYE &t@qpé%@cﬁmlr@ld Wt ARIRain€high exprafigert  100-f ol d,
00. foITSe 5 PACER 18 oSl DR e A e o T o 1

500, A&@&I$ oﬂmb,ncmatldnﬂﬂ&;rﬂs)mhfa@ IPHbX -hhiUnetimetasgdn thigpemidpsion; ssercien Felatels uch as
PDX-

i 11 dpBrerels e pemeBalpeg it Groeats affres oAk Eal OE R daboldigye, o

Cel | hlhdetidAs OF ti iRVttibAtd\ el HpRRedrBtidd el eRTudhsfona pulore sBparnicrdatic n‘edl ate
stage pancreatic stemcells are gr own under adaptive i:ul ture CO[]dI tions

Bri efdels ta hxw seTtmymesiumt féxegplé@g@ay auferash frem dighnscewn (1@ loyy-go 1Bn

condi Li onec t | Mrgsmgst aken to
ensur éni‘ar?'e %dj‘iif)ecﬁ% fr%gva‘g m@g&%ﬁ%@tggﬁn&ﬁgﬁ% R types ‘of dishes
ar e &ﬁwgsdreasﬁdaﬁe eovelseﬂaﬁf media 2githoligh SM%sylddsdrghlﬂgdmdevodvinsuhn reseeded
onto culture dishes. A Conditiogned culture plates Conditioned culture

di shesscrgien gpen meguraiosihe of nancresligseleen used previously to grow
intermediate st PHE; ﬁ%&ggﬁ?& de@ p??ﬁfﬁhﬁfé b??call??&@m% IB@tthﬁé h&llﬂa%%r&%fﬂ%i a

nmonol ayer (typi cal ending on the initial subculture
seedi aid tHeability/jor ﬁnﬂnmy da“faerﬁ&txmmeh@e@mummmmﬁ gelésl Prokifsratived by

trypsinizati on. G ow (Vc ent culture. i uired to
pr od AbBlity 1§ B?Rﬁr‘ﬂ i%‘?’?é?fs‘i‘ﬁw &eégg}t% R ag‘u ?eé 8‘6%1%% PR B X %}mcg foSa psin
(typi &@Bﬁd/dé] g %eﬁi 1a£eti%t ‘P%‘@&Etﬁeﬁéq&% @ﬁﬁh@t@@layrbesdxpmmo ¢80b
culture tec ue re erred to prevent extensive degradatlon of the

mat ri oells;ﬁletml irag smgle)pas&age BEIrtpﬂat@d@b’al,@éﬁfmpagﬁéloﬁéﬁ%%féaﬁya s@gilgact i ng t he

btrat t.ergent hndthe
S o P LE DRI b o BN B SblB oy ve et nd the
( 19803Hout FO0LYSA] S0U-totd, lbbe-félﬂnmdfoﬁﬁIlbﬁ)omhblth(mO@mfaid,leO agoefoldon t he
substrate or culture dish may be split and reseeded on %ﬁgf%‘%ﬁ now
S

condi 500RQ4fold.art1,009,090sRId) Fivle Felaining sdoga TR Ehat the
subst {naslﬁ n Hﬁ'i&] A Q:%pl%hgl&rﬁ afid %Mﬁ&g’ the Eﬁﬁﬂ% dPferbiieatS RS haflr€ high-secreting

endocrine cells.

III.  Adaptive Cell Culture

As a preliminary step in the maturation process, intermediate stage pancreatic
stem cells are grown under adaptive culture conditions - Briefly, the intermediate stage
pancreatic stem cells are grown on conditioned culture dishes or new culture dishes, while
care is taken to ensure the cells do not reach confluence. Cells from both types of dishes are
combined and are either encapsulated as described below, or reseeded onto culture dishes.

A. Conditioned culture plates

Conditioned culture dishes are culture dishes that have been used previously to
grow intermediate stage pancreatic stem cells. Once the cells have formed a monolayer

(typically about 5 days, depending on the initial subculture seeding density), they are
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need not be the sane culture. Accordingly, one culture of cells may be
grown on a substrate to condition the substrate, the cells renoved, and
cel |l s frowpanosder cul ture seeded upon the conditioned s®bogtusart/e6idhe
conditioning cells may be fromthe sanme or different donor or species as

the cel | b tly cult . B, Gomth of cells.usi ti 't

| eriemeved By odgaiation -zt oL afbveconduch Sl fFiny® i P iERRE, %o 1 11T C

condi ﬂrbﬁﬁ&da ?cﬁi'aﬁid?l%)i’cﬁh‘tln{e Ui } RRRSed JURBeABA of @pdih WpicllEYW drut 6 i S not
SO

critica ong as the cells are still capable of proliferation. In a
pr ef ethe ednaentretiomemployedin standawk collaubutseteehniqueahispyeforrebiogn@ent r om pancr eas

(e.g. passaged onl.y opce or .tw,ce r ed, r 0. .pr growt h
of tH ‘f‘ﬁf‘@?‘f?&&idgl‘é“ Qf%énaﬁ%’ﬁc‘?‘gg%ﬁa@veg%éﬁ? geel} @npo%%lng%yi l%enr’e oﬁga)f(): s are
gr OWNe{tfAcli A MheSBbFREREth Aetek@int, wiadlEwH PRfiRV e dlic cellddnsichye isdhirhd theat they do
not touch each other and are preferably harvested before reaching

conf | seeretesl mamix (9¢e Sretodatonviezns ahy Prag Vil deadolinilid THHO4-8 HE8Rnber of

cells seeded w af f.e i j - f, | uence is
reached. After #8?‘\’/%’51?&@?1{ehgggrﬁ@eﬁfr%eggnkgyr}f 't \:/1(%%% %g&ﬁ%@l@\?vsgl?sgrtagé;war e

conbi atire diRE mdyd Plioincrbdcdedowtie samenmww pbatigencipcultird dislyr Hawewver,
conditioned plates is . not_ critical é%&%f@ i nventi ondﬁtd;o tllhon\ﬁ) ﬁ-st sone cells
are gheralteis Wk conditiens the sHbsate et e which & segdadqn thy sybsyate

encapiilidloefle i SARGIBRL RebfithelplokeRHRH ofeBNOmAP Y kiowilioh £ultsttie@ bl at es.

Cells ave undergone adaptive culture and are then grown in culture
are abl @ntitidnahé subysakicf treatls mmvedcnd cellhirom anether enlre sagded wppnithe g

gl ucose regqul ated ner. Insulin.to acti.n ratios are.sim.l.ar to those

bef or @W\?Bb%{ﬂtm Coélﬂlt\ﬂﬁ”@ﬁegﬁg’@y%elg@?} ngﬁg’?er?r\t/_do N &psul ati on
of i nperrRdl alodps hbdkaiakliyralmpaacr eati c cel s Encapsul ation of the

i nter late proliferating stemcells after adaptive culture results in

t he format Bon ofGrowithof sellsanpingagapsiveicpltire capsul es. The aggregat es have
cellular architecture and protein expression phenotypes simlar to those of
encapsul ated islets fr Ly i : -2 AR SPLAdidheaan al so
all ow t he pancr Z%tf{rgecﬁ%t?%%gggér%géatﬁ%g%ﬁﬁegﬁlagﬁébﬁlﬁl? gt%zfl Iﬁgl abet %c rlmste, whi | e
i ni Mhgd Ae thkurcehes TRS RAcSR offinfelie ctiost isumtreitical Bhdonpoasdbs teflsafe t he
encapsul ati on nmenbrane can be selected f{o al Iegw g}gg}r@et{)on of Bi omaterial s,
|i ke Btidoanable gfppliferatione dpa preferragRmpedimeagty ¢l ¢ SOHP 1898 WK ost s | nmune
syste FALELAD (8 Sno & SHAP SH Al tRALeTBERES. AL BefOROWiplomdibe art and
are d:fgg%a[?%ég in ?ﬁg@geof.lpggmsaﬁg re?gér ences. van Schel f%aardep& de Vos, J.
Mol . Newth BT 1HOidte2 b diatdde, pahbreataogsten cells pogalation, the cel

serum media. Cells are seeded at a density such that they do not touch each other and are

s are grown in low

preferably harvested before reaching confluence. One of skill in the art will recognize that
the number of cells seeded will affect the amount of time in culture before confluence is
reached.

After harvest the cells from conditioned and new plates are combined. The
ratio of cells grown on new plates to cells grown on conditioned plates is not critical to the
invention, so long as some cells are grown on conditioned plates.

The harvested cells can then be encapsulated as described below, or seeded
onto new tissue culture plates. Cells that have undergone adaptive culture and are then grown
in culture are able to both proliferate and secrete high levels of insulin in a glucose regulated

manner. Insulin to actin ratios are similar to those before adaptive culture.
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Drug Del Rev. 42:29-64 (2000) and U.S. Patents No. 5,762,959, 5,550,178,
and 5,578,314. Belowis a general description of encapsul ation of

i nt er rediwDa®3psMEE pancreatic stemcells. A specific exanpca/tuss2dwund in
t he Exanple section of this application. A Encapsulation materials
Encappul at EflcapRulation’df iftéfmediadeprdiferatiny paaomatic byl ogel s can be made
froma variety of materials including alginate, agarose, and pol yet hyl ene

glycol (PEG. These materials formhydrggels in vvat?r when cross-1inked,
ei t her i oni cal | §nespséatien efthe jntermediats prpFlsgatipg stem sells affer adaptive

encapsial tef ARG R fiorf 5t defiul:? a?%rggaﬂé’é i) thécapRley SERE AR HRs Happosed of
mannur oni c acit d and guluronic )-aclds. Alginate forns a hydrogel
when edllags atchitbetdrevindprateihi explessibn pheriotypes siniker 4 thoat of encepsulabeat isletn  B.
Capsul. e formation As an exanpl e of encapsulation of cells, formation of

al gi n@f’@%’éﬁ@ﬁﬁe@o%pﬁwwﬁol yl ysi ne menbranes is described. Those of skill
inthe art wllgp BHidEcdnAlo ARRSHE BEndadtic RIS ﬁ@tri@?ﬁﬁ@d%&b@g varients
of al ginate and polylysine or other nmaterials and that the formation

pr oc ediabetirhosi, mhlilamhinirbigingtte inmdnevespanse ofithedost animalh deparasity ef 8¢ t he

encapsul ated. cells. Assays t t the function.of the cell. esprovi ded
s bR ion ary Bhrent Savieieested oo B sriidin i etsheisy i By s8R0 'S
and s@flchpinleywhie 1Mﬁﬂgaadzjs§omsay§ts iBhapkeySenas tiai foreign etls) s and al gi nate
are made 1 n a droplet form ng device, _such as an ajr,  drjven %ﬁopl_et

generator or a Bhegpsvlstiompethedeatelasyadn et and ayg diseleseddndhs follewingan al so
be mde??rﬁléée?%vg{ gc\rﬁ%egﬁég?r-gg%c &l gloP,?f $103 Nl '79!199?20](5%‘5%, UHfdQ% & cﬂ.?)[id\py

i ncubX e 'n"a sol’dtion contai ning an nic cross-li1nker such
as cabgig el R, 46320 3H403000)2nBCT S ISk tN6 15 762,859, 5t 7505 T¥eadt BHER, 3 the

pol yani onic alginate i s _coated with polycatiqnic polysine, suspendi ng

t he  dBsloveis ajgenerakdgsgriptinn %‘%W%I?Sk}{aﬁan g n;ff?%gwée st d{a&C tl%i?%/w‘feﬁg the art
Wl ne | : g G CHOREE R BBRticaRd. concentration of the
pol yl %&,ggﬁbggmﬁﬁgﬁ yogléxtlﬁgwi ncu'gsgbtl&on time, %Bllf affect the porosity of

t he menbr ade. OHaeapdwdatimnimateréalhas been fornmed around the hydrogel, the

user has the option of liquefying the gel by renoving cal ciumions,

usual Iy by soaking th apsules in a, .sol ution of i ' Those of
Skill 1n the ar EnGaRsRIagslR o autrpyifisd by admiirekel H?‘?%ﬁ%ﬁ? o bl fthde

appr OpohPd Pariefy bf Mdlerials@Rcih@ind aRiiRiE apiross) apdpélyeihyleyic gBcbPEGpend t he
capsul es in alginate or sone other charged nolecule to bind the positively
char g8besepoatetials fore hydrogalemrywaerhenrross-linker crithssinically gf sovisistlcapsul es

A preferred material for use in encapsulating pancreatic cells is alginate, a

polysaccharide composed of mannuronic (M) acid and guluronic (G) acids. Alginate forms a
hydrogel when cross linked with a divalent cation, such as calcium or barium.

B. Capsule formation

As an example of encapsulation of cells, formation of alginate capsules with
polylysine membranes is described. Those of skill in the art will recognize that capsules can
also be formed using varients of alginate and polylysine or other materials and that the
formation process can similarly be modified without affecting the function of the
encapsulated cells. Assays to test the function of the cells are provided in this application at
section IV on Implantation of encapsulated cells and section VI on phenotypic assays.

Droplets containing cells and alginate are made in a droplet forming device,
such as an air driven droplet generator or a high voltage electrostatic pulse system. Droplets
can also be made using gravity. The alginate solution is formed into a gel by incubating the

droplet in a solution containing an ionic cross-linker such as calcium.
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Those of skill in the art will recognize that in sone situations additional
steps can be taken to reduce host responses to inplanted encapsul at ed
pancr eat iwoaaiob®72 A preferred nethod is to incorporate mPErasapsuies i nto
a macrocapsul e. The technique is described in U S Patent No. 5, 545, 423

herein incorporated by referen e Bri.ef] 1 mcroca re .made

essent i aI |y as e 4jagmprRned BP‘@W‘BH@*‘%‘E@F 1501 ate ﬁbﬁ%ﬁca}tﬁoelrcocapsul es
W N Ry 8] sadhehdihe c}ieQ:fro%l@ n%o‘ﬁﬁﬁﬂwoﬂlaﬁﬁ%ﬁ&?%ﬁé Wb o skilBinl R

inte re’preferr lurality of m crocapSules are then covered with

a thi arkwilhx;eeogmzﬁ thetetargidg thet repleatlar wght areconeanitation pbtheprbylysdts/@at i on

| ayer rocapsul e i eeff ked fromthe i mune
syst € ‘ﬁ‘(f)l %tg‘ ﬁ‘éfé‘ﬁ ?,ewalé\?@rﬁptil&pgms #ﬁ?'ﬁ?@?%capsul es can be any

thi ckness , butOnéeSth@Enehﬁﬁlﬁe 18 98én ﬂonmib@mm Hiettlydeopd], phieiier A tHhe about at

| east 50 microns thick. The nacrocapsule can be made of any pol yne
sui taaytenfo@mqmmgghagﬁmr@gewnaga@m tansewsupldy by ﬁﬁa@rrzgctasganse s #hey can be

Cross- |nke can be made in
a var{t %Sgﬁl&wg% ratp %ﬁﬁtﬁqh%&}x}i}ﬁng%b &&Iﬁpﬁggﬁé spheres, or

di scsjj uefd%ﬂéﬁ 1é)jpp$dﬁriate IAQ ffnblesté}:f fo pﬁbﬂnbteﬁﬁ@@gfpa%ﬂimastotsluepqndtthe cul ar
corrp05|t|on of the macrocapsule wl] not affect the functiqgn of the

encap@pbulesin algingte or serae piher ehargadraolgeylp tg)pind thepqspivebecliargedy  the function
of t olﬁls,g@lgsul ated cells using the teaching of this application. D.

Aggr on of encapsul ated cells and their maintenance in culture After
encapsul at Con t hecorpdration dif atiergeapsilésinge magrecapsnleel | s f or m aggr egat es.
The cellular architecture and protein expression patterns of the aggregates

oppl 1 catton A EheasPrtigs gt wifrienre iauRibms BB aaks Pt beshato o
has tiﬁxﬁe"chﬂc&%@@dtﬁ@ﬁﬁﬁdﬂﬁm& 18 iriplaftel @i sﬂﬁteﬁ@hﬂl@ez&w detisindpréforred

periphery of the aggregate and expresses 19, while cells qn the
i nt ermethodfis tdmcqggnawgatCeO@RﬁH@Ssmtq maeTopapsuls G SIChRIHS idrge uheddigon. The

CK- 19 g are. Ilkel ff lated cells; the hornone
expreggﬁ;?eggﬁlgss gg"@:&e %rgwtlg?o %b’ §e§e§1§{eure cell's. Encapsul ated cells
can be grown i nBegeflyUnRréatapsiaes @ﬂﬁaﬁsuésahtmilylasldmmbed'humepr@mma;psul at ed
intermedi ate proliferating stem cel[ééecan mai ntai neq in cult re i,n a manner

si mi | gactipn. puglsmiFrocepsterHih alligpeiied BeEos can s U5ed,FRICEogep esn‘wh Be added
to th 1.1 i 0t Qi . 3
Cg a2 S‘il&%h’céh& %Jg%g%}%r%;i) tm?lﬂ'ﬁﬂfyc%gﬁngﬁolech% (fg afd Ak coverdd RHRAPAIEk 18eP3 MM

can Ia when the hydrogel is alginate
cr ossbf pHird mdtealowitls themesiit thhinghé polyasticmaysr of theapistdcapsde jsapeeeat i ¢ cel | s

effectively masked from the immune system.

The macrocapsule layer covering the microcapsules can be any thlckness but
is at least about 1 micron thick and preferably about at least 50 microns thick. The
macrocapsule can be made of any polymer suitable for making a hydrogel as described for
microcapsules and can be cross-linked using ionic or covalent methods. Macrocapsules can
be made in a variety of shapes, including but not limited to cylinders, spheres, or discs.

Those of skill in the art will recognize that the particular composition of the macrocapsule
will not affect the function of the encapsulated cells, and furthermore will be able to assay for
the function of the encapsulated cells using the teaching of this application.

D. Aggregation of encapsulated cells and their maintenance in culture

After encapsulation the intermediate proliferating stem cells form aggregates.
The cellular architecture and protein expression patterns of the aggregates can be analyzed by

immunostaining as described in section VI of this application. A typical aggregate of cells
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| mpl antation or transplantation into a mammal and subsequent nonitoring of
endocrine function nmay be carried out according to nethods comonly

enpl oyed worosjosdogr transpl antation; see, e.g., Ryan et alPCI/BDoabsies

50: 710-19 (2001); Peck et al., Ann Med 33:186-92 (2001); Shapi roet al., N
Engl JMed 343(4) 230-8 (2000); Carl sson et al g fg

105( hps theoiewinzathenotynes keingledass pf celfssurmapndsihe p@f&ﬁﬁt‘? he %%%Fﬁﬂ?? ogy and

Ther 358 lé%%r%&es BiK- lfba\Hﬁi?J Cellggﬁttwnhe}i%?gf th@ra%gﬁ:%ﬁ @xﬁx‘e&sex%sﬁlfn i npl antation

i ncl I tOheal ~ cavi iver dney capsul e. A
Dos agemafosmtlﬁr mzﬂglacdgeﬁ "ﬂia:eCIOﬂ%akptdssmgt cellsarahkelwuhdlff@eenabﬂeé celds; dleg er mi ne

an appropriate dosag m croca es for an intended recipient. The
dosaderiAPNG CHERSHIE %ﬁs%%le Pﬁgﬂlqrﬁpggﬁl’}?aﬁgﬁé’ﬁﬁ of the recipient. Insulin

| evel s secret ecblft‘)é §ﬁﬁeﬂ8f3%ﬁﬁ‘9§%¥cﬁ% Fodulte: stedaf et atell iRBOTREE, cal | y or
by amount of bi BI cal activity. The recipients bo é wei ght can al so be

t ake rencmsulam:hnwnmed\ﬂamrprdldemrcmg ntengcqlh@am m@nﬂl m Eﬁs@alrl'yan% re than one

i npl ant gtion,_ can s the.r e

encaﬁs‘t}ﬁ%rttedh‘tfé‘ls?‘qur§g ﬁ?@ﬁéﬁé TP lenf g gé%@spgﬁé(g&tagg?{%ﬁhﬁ ation can be
used R&iid tdihalRaih Yie ltitjgﬂd deRAFer 8fani16,aNE3 M EACLLLIO cdrRyeadidedto k.

D abetes 50:710-19 B. Moni torlg&encapsul ated cell functi on in an

am nedultufﬁmdlawdtendhe bYdr@gﬂl@pgﬂmawéﬂosé ed With algig% pj ent can be det er ni ned
P O B e SORARS AL phcl§ALBURN o gl ucose. | mpl antati on of

the cap res in control of blood glucose levels. In
addition, evidence of increased | evels of pancreatic endocrine hornones,
i nsulin, gl ucagiplamatosonednesihathiion o a nrdiroaltasd fsubsetuent mofitoringof
transpl ant ed_encapsul at ed cgl |s. 24 WD 03/059072 PCT/ USO /4%216 1 t01e of
ski | |endacringsfugetionmay be sarsigh PYACAINE G RFBPISFOrERNY SPPRYSE 18R be

TN PhSHiahfith! L& SR () RouPer oFD aEODifeRBOE1001930000) eSS ot AtbRreeasur ed

direc as can insulin requirenents. O al gl ucose
t ol ermﬂ;% D2£20013;:8hapire et tde NjEmgnf Med 43 (4): 238 {2 icarlsaonses alée Ugeder mi ned

SS c olted B &*@9@?5? R & Iéﬁﬁre%swgﬁ%ﬁtcaﬁ% lt‘“"éh? N@éﬁ“@%“?lg%))

ph?é}?ééﬁﬁw FAR&RNSer, B0t W99 EPrefiicd stepafigiptaititiondatlunde thee present, it
|s useful” to assay the phenotypes of pancreatic cells at particular stages

of cup%omaan@@tﬂ@rll\@n@aétﬂlﬂl@ﬂmywapmet her grown in vivo or in vitro.
Si nce expregssio eoc?ir“ccfca%gul@g oteins correlates with cell identity or
differentidtion QP%% LIRS nay be anal yzed for the expression of a marker
gene or protein

One of skill in the art will be able to determine an appropriate dosage of

microcapsules for an intended recipient. The dosage will depend on the insulin requirements
of the recipient. Insulin levels secreted by the microcapsules can be determined
immunologically or by amount of biological activity. The recipients body weight can also be
taken into account when determining the dosage. If necessary, more than one implantation
can be performed as the recipient’s response to the encapsulated cells is monitored. Thus, the
response to implantation can be used as a guide for the dosage of encapsulated cells. (Ryan
et al., Diabetes 50:710-19 (2001))

B. Monitoring encapsulated cell function in an animal.

The function of encapsulated cells in a recipient can be determined by
monitoring the response of the recipient to glucose. Implantation of the encapsulated cells
can result in control of blood glucose levels. In addition, evidence of increased levels of
pancreatic endocrine hormones, insulin, glucagon, and somatostatin can indicate function of

the transplanted encapsulated cells.
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to assess their identity or differentiation state. For exanple, in freshly
i sol ated pancreatic tissue, expression of anylase identifies the cell as
an exocriwe oaosnar cell, while expression of insulin idemrCirfusez4tohe cel |
as an endocrine islet cell. Likewise, islet cells at an early stage of
differentiation are u | | osi.tive for the 0 atin CK-19, while
mature islet cel ‘Ee%fﬁg In) 1R art @ Feégg‘i"ﬁ?ltb(ﬁc%&goiﬁggfgﬂéﬁ&cﬁﬁc@nﬁ’lﬁoperti es
may beyaseaxsH d?q?efré%&%;ls: 16z E€lrpID@To Sllicdd® cn bO SRUbALd @ifecllyisa@n. The
node of assay w epend on the particular requirenments and nethodol ogy
of t héody waight enhimsylirereqiramnentas O} glusbsriplqancedsysy eansilarbagiven. Renal

i munqhi st ochem stry, perforned on fixed sectio J pen l1's by
FACS it Rees sl b ieieBRined o Faytaney R e e SRBREMR A cua
cel | s EPIRSS43R5 Y NVE@VITRSLSH-Shidng, B.Realt eicedBI3h50-951N@994)R desirable to
measure properties such as the average insulin to actin nRNA expression

rati o over an entire population of cells. In such cases, the assay is
typic y r ol lecting nRNA froma pool of cells and nmeasuring
t he tg‘tﬁél %&ﬁéﬁgg@%ﬁﬁi nsulin and actin nmessages. Many phenotypic
properties may be assayed either on a cell or popul ation basis. For
exanpl e, i nsul i rMTekpvessen matay pireraesis ayislareiprdsent, ihyis ussfiditmagsgy thedi vi dual

o e e e e drett i
abu nd%?f\g% '?;FMVP Q%W%I Qthce Q¥ esﬁo@&ﬁi&%ﬂlﬁ@r%i& @birslal¥ withTeNdddrtey cel | s

and c ng the MRNA, or onh an individual cell basis by in situ
hybr i dir differentiatip® sta@, 08il0m8Y be ardyzed$otha egpmEssign ofzemarkgr g¢neros Proteiti on

mar kers There ar nu of. celluylar markers.t n .o identify
popul &P AHHES tﬁ%‘f ‘%Eﬁgf %rané)‘&{c?reélh?tfoél. St#fm%?r CEMPLS il%gr?%’tligoggeg p%ﬁ%%ﬁéced begi n
to di Sphay e¥feistdiSoPeNAdeREMifRE the @HG Y Rkcrinddiciiad celf, whilbbepressionoed
pancreatic cells. It is believed that the changes in these indicia or

mar k erigswinddentifies famestl asantendocsinefigletorlly hakeyepe ideficels atan early stage 8br um f r ee
envi roppent . whether after..ancinifti G ' ' ,ately
after (ﬁ gfg?aftg)ﬁ aé?‘nasuaglz PP litlggﬁrgfﬁ% é%%e%megkgf%hgﬁﬁﬁ%ﬁ%ﬁ ilgtircg llan genot ypi c
i ndi ciassigtptesien ¥ACKoUs, nol ecul ar  markers present in the facultative
progenitor cell population that are nodul ated ( .,.either up or down
regul at ed) . Thes&%t%&ﬂ’fapeﬁﬁsr%)‘ Be pssayqsRn ‘E}“@lﬁbg"’%gw *?SRypot hesi zed to
be a ﬂ;ﬂg\ﬁ,} j j SR RNAr- Rifedislandg mammal i an
stem %@Pgﬁ%?g{é%ré gt rougﬁégf%lsj%g#i %@E{ﬁde/élél oprent al .re%{tﬂages Sas they mature
t 0 t hemethoddloggpo£thd assaly oenimitiual Thug pssays of Derket expressicalbyst ages often can

gg c gﬁtsl@m'e ! n?m%%?sté)c)ﬁeh?setrr;rt, bg%égxged%%rt{(x%{i Sseé%lro%g %P E)n g&spgrlljée%nctellé Qy ‘EX&@ a%giygg, cell's.

measure the frequency and intensity with which individual cells express a given marker. On

the other hand, it may be desirable to measure properties such as the average insulin to actin
mRNA expression ratio over an entire population of cells. In such cases, the assay is
typically performed by collecting mRNA from a pool of cells and measuring the total
abundance of insulin and actin messages. Many phenotypic properties may be assayed either
on a cell or population basis. For example, insulin expression may be assayed either by
staining individual cells for the presence of insulin in secretory granules, or by lysing a pool
of cells and assaying for total insulin protein. Similarly, mRNA abundance may be measured
over a population of cells by lysing the cells and collecting the mRNA, or on an individual

cell basis by in situ hybridization.
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human endocrine cells develop in a simlar manner, various markers can be
used to identify cells as they transition froma stemcell-Iike phenotype
t o pseudowelogsphnenot ype. The expression of markers in celPC3/usnziused t o
proliferate or differentiate by the methods of the present invention bears
some simlagrity . rker expression in normal hunman

pancr eas dg'/el ﬁ?@k‘i‘%(fé‘?@'@gﬁﬁ@&{eﬁyﬁeva opnent, the prinordial epithelial
cells express PDX-1, an early cellular marker that is a honeodomai n nucl ear
factor. As the Thetd &edevalbepof delielr hadians that dambeaised tondedtdfly populdtiats. These
cells express cytokeratin_ 19, a rker for epithelial .ductal cells, and
{enporhPiiprekpcels onereellbisalafg WA LIYSHERERIP Sl VaHANTRIRRTBI Y. A
these ealilSic§ &ih%?aiff&e&ﬁ\/@'}@ﬂ rehE¥e182iHs bBlgevRitdt ke dHangosRh Bsege | NSUl i N,
somatgsta 1 n, or glucagon. e ?I nal differentiated cells are only able to
expr essdiciner anadkerbareamesyionee & tbekhi§ of theuypagreatic céllsdellssrupi-freeil i n), and b

| | omat ostatin). .The int i af. || | at | herei.n i
Dol i o rbHrTBIEY hethdrafEt s s e b atss e or REPEy Rl Rt R e b AR et
retai pfAfcdtda. Fakiplios Jf@hﬂl@nb%f@éﬂﬁ ganetypiendielagndludd varusidoi@urpt i at e

S.

into mature endocrine cel] ether the cells are indeed exanples of a
pr ecumgaskers presers inléhecfaotatine prqgsniterep!ll pppalptien thahare saqdulated (ejgn ejther o

mani pul ati.on. the internedi : ableto: £ as wel |
A R R O S S
bei ng atfiellertoT tROpaRSsatie foRfitativestent ce. any type of islet cell. Markers of
I nterest are nol ecul es that are expressed i ten'%oral - aggéti sue- ipecific

patterns in the Typirallyemammadiapsten el peacesd ¢ pabey okdgve

(1999) ). cnc X r i Vi int
Car egoviegs® FEEpRlE PRl JR i aBvain Gl SBIRE Bl AR ARG en o1 ch
pat hwayn badétersined bl identifying eiasitees prictamhvnsbsenirikeleselofing wpllse Bevhuse

transcription factor, markers i.n¢lude PDX-1, NeuroD, Nkx-6. dsl -1, Pax-6,
Pax- 4 huRgga.esdociing ogftssdevelon inAimuarypamist.cRipus MRS AR ér"ée‘?l QAT Not ch 1,

Not ch FM m]zﬁﬁ ; ﬁgg,@,ﬁ% ' i ha%a;ﬂ@. Exanpl es of
inter?rrcgg%\%tggﬁr arre(rg{?ﬁﬁar egsﬁ%ie%gllkﬁge ckl'9 tg?sdéddﬁgz??n. et hods for
assessi ng expr esHieomxpodssipn of eiarkeania oslis inducedutoipdolifgrateesdiffarentiafe bhitled or
i solated. cells are standard jn the art .and includ | tati rse

t ransé?‘?%?‘gsoﬁh%me?% F%?Q{l%’hi&?aﬁs ?oé%ecﬁlfnblﬁngﬁ?%ﬁ%)qﬁmﬂ%?ﬁﬁe s ﬁrteésf?cyand in

Si tu Ry Rbiki ka8 hah&@8s dévebpmenfUVERhrl P08 8@ Wpient) thépriaoidél epitindliagy
(Ausubel et al., eds. 2001 supplenent)) and imungassays,_ S

) ) uch a
i munotells expeers A%, an shy pedlugr naaskerjthatdeia hameedomain paeleafactony A% 'ﬁiP ng, and,
for markers tha re ac [ R L nt ; l ysis
(PAcS) e ielotg SRl il pd R R AL, Pt Selie cp BIRANGTT S Bt
New YanktkerGot epithelial ductal cells, and temporally express PDX-1 leading developmentally to

endocrine cells. As these cells continue to develop, they gain the ability to express insulin,

=

somatostatin, or glucagon. The final differentiated cells are only able to express one and
become the a cells (glucagon), B cells (insulin), and & cells (somatostatin). The intermediate
cell population used herein is believed to be at a less than fully differentiated stage of
development, retaining the ability to proliferate and the potential to differentiate into mature
endocrine cells. Whether the cells are indeed examples of a precursor in the development
pathway or simply a result of in vitro manipulation, the intermediate stage cells are able to
proliferate as well as to express endocrine hormones and, therefore, have the potential for
being used to correct a deficiency in any type of islet cell.

Markers of interest are molecules that are expressed in temporal- and tissue-
specific patterns in the pancreas (see Hollingsworth, Ann N Y Acad Sci 880:38-49 (1999)).

These molecular markers are divided into three general categories: transcription factors,
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Spring Harbor Laboratory Press (1998)). Conventional histochem cal markers
of endocrine cell differentiation may al so be enployed. Cells to be

exam ned W9 oBomwnohi st ochem stry nay be cul tured on gl as®Cthsnberwis! i des
for mcroscopic exam nation. Alternatively, cells grown in conventional
tissue VR r phedddsd in
par af flll(rﬂtbl]i %#ﬁ‘ggct | o%??ujrm &%%%(ﬁedqaaﬁﬁlggfé?{ @gﬁe}%%n%ggﬂ%oﬁtg‘?m&# ﬁt he teachi ngs
of Leomarkgrsinclade B.DX-INW’MI‘OEHN&E-@M@I.I PaJQGSPa)EE,tNgn-l(aIﬂ)HES}‘XS 83. Cell

o SRR EhhoLt ARGt 1o R NP E T Ne AP TSR Yo TS e ot i i ng
pr ocesfugpam) ID%]l%ﬁd"RBPEPVE)&Qn HEATIRErRRAAth Blanént hekes irdfle ok PhiS ver e

very gently ri nsed with in buffers and fixed in par af or mal dehyde sol ution.
Cel | s Nagtin. t hen i ncubated in a bl ocki ng sol ution cont a| n| ng nor mal serum at

room t enper at ur S were errreab etergent in

bl ocki ng solutio eﬂ}%%rq'rfr%rr%?s%ﬁlp 5 F%Séon cgéa?gtesnt 2“515}1 ac1 eésplgr ed in

bl ocki e\@tused ditiscliked celdPdie oAt n thelattiandrinclidt Qe thtive ré!‘v%fsle Sranétitase

i ncubat ed. Foll owi ng incubating with primary antibody, cells were rinsed in

buf f er Peliarerapeehaie keagtioh (BT -SER n@%&ﬂ%bl%ﬁa ané@b%wcta/byldbmﬂwb@w eepared in
bl ocki d
noubar et Pl 2Bl ARARREA DI TAUHEDR ol 2ol S0MbbichibioF M 5 O0G

nucl ei mmmmassaysv,tsach asinm@dnotistbcHdarelh shalghieof dx‘:mielml rhaterial, Westeenmoved and
the sljdes are, _noun ed nd cover with coyerslides. The sli.d and
e o BibBme i A Ak thtes sestsus It et @US ow SromeTyraRre g ACS

| MUNOEY q@grﬁ; t | e enbedded
in par af%%%gnd sIvF %‘E\%\;ﬂ? Ush%%p?f@?ﬁﬁge{'??%%ﬂgfbﬁ glﬁlfé‘?{ gd&%a?@é(?g()g{/er ni ght.
The ceSplsngHabdebdmatbr)anesj(laa&l))u GnnvmdnalrhmodhpdmaQWIW$ ofiéndecine WO

03/ 059 / US02/ 416 th t t

per oxi &%@EECT amlvnals%\%a@g%m %oﬁFfé}u Ibr%neéa%lﬂeﬁgﬂyt Q’glfﬂ)rcggu’?sgﬁ 6. 0)

for 30mrzt}£ B E@Burk® oh @6:RY Bhankiff kRS foihicBRREpic SkifBRLVET RlteAGRdy, Wellh  buf fer

and bl ocked using nornmal serumat roomtenperature in a noist chanber .

Pr i mar grosistin sorNengipagdiseer ¢wituts wexbeagaswillyemeved Gormdbeauituse enk sanpl es and
b t.ch

secondeoedda i BpBlr e BA e, PP A Ay AR PR I A | o

Wi t h bof fesnaaddl étlawmaEhddcﬁﬁbl AWKJIO]:{ I?WIQNRESdﬂ} sh Peroxi des reagent or
ABC conplex froma commercial kit (e.qg. Caorporation). Slides are
again rinsed and PH@&@&F@WWW@%WW@E%%‘F‘H‘F% clssh Mgeonzentionabn:  ur ea

hydr Ogﬁﬁ&nﬁﬁ&lﬁ&b%ﬁlgg{.ﬁA%h&aw 1c§t§1E Efq ?ﬁ?ow‘/! th distilled water,

slides are | merse yer s or 5 mnutes, then kept slides
in running tap wihestaining process begins w1th removmg chamber portion of the slides.

Cells were very gently rinsed with in buffers and fixed in paraformaldehyde solution. Cells
are then incubated in a blocking solution containing normal serum at room temperature.
Cells were permeabilized with non-ionic detergent in blocking solution. Primary antibodies
as listed below are prepared in blocking solution at appropriate dilution and added to cells
and incubated. Following incubating with primary antibody, cells were rinsed in buffer and
reblocked in blocking solution.
Secondary antibody prepared in blocking solution at appropriate dilution is
added to the cells and incubated in the dark. Following incubation the cells are rinsed and
) nuclei were counterstained with Hoechst dye. Excess fluid is removed and the slides are
mounted and covered with coverslides. The slides dry and are stored in the dark.
Alternatively the cells can be prepared for immunocytochemistry using the
ABC method. In brief, the cells are embedded in parafin and slides with paraffin sections are

dried at 37°C overnight. The cells are deparaffinized and immersed in a hydrogen peroxide
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until water turned colorless and nuclei were blue. Slides are dehydrated
and nounted for viewing. B. Insulin nRNA expression One marker that may be
used to cWearlaos®ri ze pancreatic cell identity, differentipariusny/4wi6
maturity is the level of insuliin nRNA. For exanple, the internediate cel
popul &t I es: j ' ' j lih 5.0FRNA wi t hi n
R R R SR e

bl ot s citrabebuftes €pldocdd)dot B@minwexkopedaver cesteirespsiopes. Jliles mererdrediwitnt, RNA i s

extract fr opul ation of cujtured cells,. and.th mount of

or of notPretadsl PeRona Sa it i ierpaer e OGS iucr i pti on PR
Fol | owi ng rever ?@irﬁd_’r?_ﬁﬁ%d tir@fhred MY dkihgCdoionsard ReTedftb @R dadipRRUnd
gquantitatively anplitied romthe sanple using priners hybridizing to the

i nsul irrubDrAinemeisichamberd Shidpd areivershedond isebdiedivoiissegoraidary awtibodyt he anount

f Lified is. related h 1 Of : in th
campt §ipenein BRIk SHEES iy b AR oy iR BRI ne
quant iAvigiatHdse ReQIiSHIPEBLids faPétt e ABTcshsled Gohlecan@isrond kit\e.ghDyky ch

starting nmRNA | evels can be determ ned. Frequently, the ampunt of insulin
nRNA i(mpRsatiani Pldes e ageipminsed and ipenbated wifh dasirpbengidindeyplop@zact i n, whi ch

IS spegi.fhe. | fl Jrom.t . i L npspnecific
pr i mor ettt B A RO d0Fs FRRE AR <SRHR. iy MR G BAREE L s
t he r atd mmérsédiaNibyersRfAnaopylid foe &nhiomes tixshicdps slides ac tunmingR\water
anplification products, or sinpl e ipsulin:actjn rati o, The

expr eé‘é‘?lgwaf@f t“ﬁ?@@&o(f@?f’éﬁail%ﬁu%?l%%e Lgﬁnéﬂé%st%}red Hean %‘.‘)Ef?t?g%nat ostatin
or gluycagpr) may be quantitated by the sane nmethod. 28 WO 03/059072

PCT/ USO2/ 41616 C. d ucose-stinulated insulin secretion One of the

i nportant fBinct ilosdimmMRNAexpressioh is to adjust its insulin secretion
according to the glucose level. Typically, a static glucose stinulation

(SGS) assay may be rforped on t oliferatin dh nt..pancreatic
cells to identi eﬂ/ﬂ?&?‘ﬁ‘é&‘aﬁ@}ggpﬁeﬁjﬁ%ﬂ %enzsee%aing’%élg? ﬁ%[]ﬁeﬂtltgh response to
di f f erdefiérestiaticonse havatysis thelehd oFiubs REDNMA| Fof tdniiiledh@hidmedadelpr i at e
substrate until nearly confluent. Three days prior_to the SGS test, the

cul t uipepulgtien ofthe presenf invendiopyhew gapressiaror ! iBsulin BRNwithisradeliped rangeki ng

i nsul i £ ng. Qg h ' L S ged each
e e CA el
t est, prineerexdehsion. echeembmiimbe, ROIA R ekeattédbfroml aympaiatiandf cultured cells,

anal ysis. To prepare.cells for the test, cell re washed twice with
Dul bgc?éla the EBWQ%}IBE proinsulin message is measured by quantsita?ive reverse transcvr\fp%on WCE{

Following reverse transcription, insulin cDNA is specifically and quantitatively amplified

from the sample using primers hybridizing to the insulin cDNA sequence, and amplification
.conditions under which the amount of amplified product is related to the amount of mRNA
present in the sample (see, e.g., Zhou et al., J Biol Chem 272:25648-51 (1997)). Kinetic
quantification procedures are preferred due to the accuracy with which starting mRNA levels
can be determined.

Frequently, the amount of insulin mRNA is normalized to a constitutively
expressed mRNA such as actin, which is specifically amplified from the same RNA sample
using actin-specific primers. Thus, the level of expression of insulin mRNA may be reported
as the ratio of insulin mRNA amplification products to actin mRNA amplification products,
or simply the insulin:actin mRNA ratio. The expression of mRNAs encoding other

pancreatic hormones (e.g., somatostatin or glucagon) may be quantitated by the same method.
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buffered saline (DPBS) + 0.5% BSA, incubating for 5 mnutes with each wash,
and then once wth DPBS alone, also incubating for 5 mnutes. After

washi ng, wba3psdors are incubated with | On (in a 100nm @c3hysopsiebe M (in
a 60mm di sh) of Krebs-Ringers SGS solution with 60ng/dl glucose (KRB-60)
for 30 mnytes | a 37€ 1 ncy 1 g L.ncubation is then repeated. To
performthg:[' S%bgg%ogﬁ’ggmygﬁgﬁeg%asgémis-rggllueglao ed in 3 m (100mm dish) or 4m
(T75 flask) or 2m (60mm di sh) KRB-60, at 37C for 20 minutes. The nediumis
aspirated and epegnf trnithpostantduh@inedf & betaical id foradass By inaslin Gctetiohow

| tinmulated step). KRB:450 + theo (KRB with [dl gl d
Joni serestig 19 BigJucpes ok aaiyg TG HEcSR AR pPn (SO RL e Y BEnd cel I s
are Cgéﬁggﬁfeg oﬂr}ﬂgﬁﬂ'&li@@raﬁﬁé@l}fé%ﬁﬂg&%&&ti@%el?é%\'i@enti QHRHHRE EHR§taddble icS

col | ect rinsulin assay as hi gh glucose stimul ated). The cells are
t hen bevcetbatsalin irgaponseits tifiRBt gdicasedevdle Gelli aprgerdralbcewiredkon @ 2, and

h ' LG 3. .Th di I d f [ ' is, d
S or oaPaipPSe sl il ae Py osaHean I St A afe 50 BRI o o2y

(RUA) nRiinh Rekpaedd RPh freaRBRYE siiler fRsdetdr budfacking iiBGiintaad tomai@ingfdntn
expressed as a stimilation index, defined as the HG insulin value divided

by t hdgll®figlicesel The wetiven ischarged)dagh day or thee davseRdithegR6S &st Sapout 2 or
greater is considered to be a positive result in the SGS assay, although
ot her pﬁql?%egion(ée?yggflr'l.& 2.5, 3.0, 3.5, etc.) may be used to define
particul ar cel | ek feStDthe cadBurdEh R TR JAIE SO glddk6 andEXAMRLES The
follow ng exanples are offered to_ illustrate, but 5(134 to,Jimt_ the clained

i nvenenhdisis.EXapyspereicellsiordhe fash felbyarg |tigeomith Puibseeq rRbesRh¥es age
pancr ' f Qo [ j NBVEe I t hBt grdeedi at e
st age%gglﬁlgefl égﬁll{gc@ée%%@?l/g E%&éﬁ#g%@% g(?fagf frngﬁrkt%Iso\)rfg!rl gé)dha‘)lﬁzé‘:srh égalgl. tlhA m xed
popul atittoDPBS aldhe) sls@thcpbainpeat 5§ mimekd. sAfter washing; 8 agHslare inawbdiedivatls t o
pronote the grow h of the interped S ncreatic stemcells. O gan
pr ocurl8pd fin apidmpa disha g ? Bﬂt?%‘l 3 %%té%) Qt@%@%gﬁﬁg@g&fi‘g}onﬁ% reas. The
pancr %.%ﬁlrgfxﬂ%}ucro?é ﬁ{@%ﬂ){) 68099 Rinfitstih 2 87 YR hclPASE. . Tids Rup@adrikinmal e

ar. gan harves

Caucasi ing was orchestrated by United Network for Organ
Shar i mgpeatddOS) and | ocal organ donor organi zations. To renove the

pancreas, the a oolgne;rPo?'rln tﬁg %E}% avs\'g’lasys,f (i,eﬁlg %reolﬁ%%e%tiﬁ% &F&l%w&ish) or 4ml
(T75 flask) or 2ml (60mm dish) KRB-60, at 37°C for 20 minutes. The medium is aspirated

and spun, and is collected for insulin assay as LG-1 (low glucose stimulated step). KRB-450
+ theo (KRB with 450mg/dl glucose and 10mM theophylline) is then added with the same
volume as above, and cells are cultured under the same condition as above. The supernatant
is collected for insulin assay as HG (high glucose stimulated). The cells are then incubated
again with KRB-60 and the medium collected as LG-2, and another time as LG-3. The media
are collected for insulin analysis, and stored at -20°C until insulin content is determined by
radioimmunoassay (RIA) or other suitable assay.

The results of the SGS test are often expressed as a stimulation index, defined
as the HG insulin value divided by the LG-1 insulin value. Generally, a stimulation index of
about 2 or greater is considered to be a positive result in the SGS assay, although other values

(e.g., 1.5,2.5,3.0, 3.5, etc.) may be used to define particular cell populations.
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junction of renal artery. Portal perfusion was done via cannul ation of the
inferior mesenteric vein. The cannula was inserted up to and above the
junction wboshsoportal vein and the splenic vein. A 2-0 Pca/usay4pue ar ound
the splenic vein at the junction of the portal vein. Another 2-0 tie was
put around the splenic artery. kaﬁ gC vein was |ligated and cut open on
the spleen side inmmediately befofe e perfusion was started. This method
makes pancreatic perfusion nore efficient w thout building up high

pressure, which, can danmage the isle a

per fusant from EBF g‘gﬁ’vﬁﬂge P8 9 :f%feéi b4 H@“ﬁ%?l%/eég&l%ito %ggfé%]&%@%%was
openeghvapgogor mal  saline slush was applied to pancreas. After one liter of
Aortic perfusion, the splenic artery was |ligated. The pancreas was

wel | -protected when the liver and kidney teams dissected the splenic vein
and | puer als't L & Vess%a,non;ml108%?%&%df@f?&sst§ﬁe\ﬁaﬂ&@aﬁé st&ﬂ%eﬂgﬂ)‘? 119£1tu
duode%é%gmgeﬂné%{)—% Of darege to tne pancreas and al so readuci ng the
ri sk efaturgtidid. am nati on. The organ was stored in plastic bag filled with UW

solution and set in a Nalgene jar with sterile nopmal .sal, sh for
transportati on. [yBERHRY:itBa1 ?@?Q%Sti‘%‘? @Pgreﬁ?‘bﬁ?@cﬁ’?hf‘ arﬁa’tf“P? ‘gg “‘5‘%’

03/ 05 CT, chani cal

di sru B?J%%fa %Mﬁl&g epés&g) ?ltl)aﬁoe\ng? ﬁ%ﬁ%&%gfghﬁﬁb%lg‘é%&lﬁ}hi@%&%&?ﬁ%ﬁu ndred and
f or t y pranhdte khet gowttodf the beemselisobtage pmcwatc stenfegtled i nto t he pancreas via
ductal cannul ati on. The organ was incubated in an 800m tenpering beaker,
at 37C until th&reaetasu soft, about 10 to 20 minutes. The main duct
was renoved fro"’ﬁh’&:ﬁbﬁn&rhﬁ%n@@ﬁe %laféﬂﬂhﬁﬁcidh%r panefeat eriegncred Wat Net al

di gestion chanber; "automatic circul ati ng di gestion was started. \Wen free

i sl et setrieyrzored multitdrgarsdonsire STl Mglest ansasion sOrsn hartesin gyes

Fur  nerenggRe] Pt NV R 15 Gres Spginf (dPS) BREERl Peft sy P T e

sur r ogpginpatibhssue the digestant was collected and diluted with MediumAl O

(10% FBS in RPM). The cells were washed with Al threeU(geg, gﬁ/
centri fugatl on poye Gopangiess, ity ahdapingl dortawas figyt spanufptedbeew e, oq from

aci nar. IIsb tion of
o pe owsTehon ReaRert Bk C oL B BRSNS ol fil EthulaRERANAL nffid InoBlitl) 01
Pat entveio. THe,cadu10 $3is inseged ap keinddbowa ttegunghmnof wpaftat]:ed:mand\dse splensd Wit h

320m vlzllnpi ((j)%lrclasvlvasyput around the splenic vein at the junction of the portal vein. Another 2-0

tie was put around the splenic artery.

The splenic vein was ligated and cut open on the spleen side immediately
before the perfusion was started. This method makes pancreatic perfusion more efficient
without building up high pressure, which can damage the islets. It also avoids draining the
perfusant from spleen and pancreas into the liver. The lesser sac was opened and normal
saline slush was applied to pancreas. After one liter of Aortic perfusion, the splenic artery
was ligated.

The pancreas was well-protected when the liver and kidney teams dissected
the splenic vein and lower gastric vessels. The pancreas was divided at the edge of
duodenum, reducing the risk of damage to the pancreas and also reducing the risk of
contamination.

| The organ was stored in plastic bag filled with UW solution and set in a
Nalgene jar with sterile normal saline slush for transportation.

Isolation of human islets from donor pancreas
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1.114) and incubated on ice for 10 m nutes. Eight 250nl fl at-bottom
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mlliliters of RPM with 2% FBS was over-laid on top of the PIPS. Tubes

were centrifuged using a Sorval.l RC Pl i th.a 05, ARGC.rot.or 1, 500
rpm for Isi ; gn? %léf%ggﬁ?‘}?d’ﬂéls Jd?%ﬁ@wa.%ym%%a*\éfmﬁ%‘rdl?wté‘?ff ﬁ@gh%elfglgr} 0% 1 EQ
67% Pifbkla¥d in ﬂiﬁ@@g %ﬁtggg{lﬁ.c S woHuhliH®na fort R ILIBRRESE LibkAkSsolfticGonant al

i slets, acinar an cells) and the pellet (mai nlq%' aci nar and ductal
cel | sinfiwed énto thd nteds siapmcal ednnulagen] Eherean wasineubatedbinan&0mlmes with

Medi um A1Q apd.t hen d for either clinpigal tion (75% or

pr ol i EBIPSHNG heaker, ¢ é?l’%(e% he tsug g?cé‘mei Sﬁﬁ’ %blﬂuf Ef? é&’n%(ﬂn?lﬂ{t%r' nedi at e stage
pancreatic stempgehiam &irk Wakdifovedl fRim tealsailid MAss whickeWas tHeattanderrednt ai ni ng
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FBS HBSS nedi umiSIB®HWeEs je@ %B&‘E}P‘i‘i?ﬁi'égy\m%ﬁﬂr‘?eéay&ﬁée‘%s&y%ﬁe‘gpl it into

new t | . -di ! 1 ¢eUW soltio)dss and
ls%%lr']hﬁloﬁg}é%:%ﬁugh PBfes @gﬁ?&dﬂb@@%wﬁs, NoBYay) soltiof) s

subseq passages, S weré seeded at a density of about 12,000
cel | sdgseribedint UsiSePatensljo.ay,@30,833. cul ture surface. Exanple 2: Adaptive

cul ture of interned tefstag%eq ancrﬁ?e:%%l%g?ats%rri&gguﬁ. %ﬁ?@ﬁ&ieh lhary step

to maturation, inEEFNEN I &8 e stem ce are' grown on a

conbi Rl kPP dd REES WHhinit®. Highesoandatrisosonutdntrifgdideeserdl Cel | s
were cultured for seven days and then_ subcul tured becom.%gwggﬁﬁc%g_e 2 (p2)

cel | s fillsbwith 7008 BIPS (drnsiind w09) cpremilbliershog/PIGR pespers |
condl 4058 sl s Sy Pl aNe ReNH Gk 900kt Qnedy bl Gbp Ut drcdirphes had

previ uring  pancreatic cel rom anot her donor, HD

386i . ThBes weidhieniriTggell i a Shieall RIA-3C Bausavitea 08,ARCrvor aelys0hepm,dondi t i oned

tissue culture dishes. Cells on both conditioned plates and new
six minutes without braking.

The upper interface (413,400 IEQ, 67% purity), lower interface (mixture of
entrapped islets, fragmental islets, acinar and ductal cells) and the pellet (mainly acinar and
ductal cells) were collected separately.

Cells were washed two more times with Medium A10 and then used for either
clinical transplantation (75%) or proliferation studies (25%).

Preferential culture of intermediate stage pancreatic stem cells

Following islet isolation, a cell fraction containing approximately 57% islets
was immediately placed in tissue culture dishes for proliferation. The initial culture was
referred to as passage 0 (p0) cells. Initially, cells were grown in a mixed medium composed
of 87% of serum free SM 95 and 13% Medium #7 with 20% FCS. Medium compositions are
listed at section ITTA2 of this application. At the first medium change on day 4, the pO cells
were switched to 100% serum free SM95 medium. The culture medium was changed twice a

week throughout the culture period and floating cells were removed with spent medium.
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pl ates continued to proliferate P2 cells were cultured for seven days. The
estimated cell expansion of passages 1 and 2 conbi ned was approxi mately
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regul ated manner suggesting the P3 cells had normal islet-like function.
Assay“Hiure HEfAtn and gl ucagon mRNA | evels Insulin and gl ucagon mRNA
expression fromcultured pO, p2, and p3 cells was determ ned by RT-PCR
assay. RNA was isolated using the RNeasy mni kit (Q AGEN #74104)
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] ) EAPUB ) QULIE T O atg stage panereaticyy
0T aper _(Fi Shor Aeogvaspestay e asponsedst BEF il Gl apRaR” © =
di st uite@flowh bh azobARINGE dd esndiAAGRNt#EI¥s andiadvatulRMAdishes. i sol at ed from

the lysate, and then quantitated using the Ri boG een RNA Quantitation
assay (Mol ecul aP1Gredpaisre giftured: foysgvenpiags aaddhensuheulivisd, becolpitlg RASKBEN at

- 80C N IS - ' | Lok each
sanp! & UeefiuApElY SELE pafdtfed R Trom AL Socidh kg bondRR Y ol e P 0s111)
c(ﬁlg % ;)rl glidtm‘e gﬁhﬁ@erﬁmdmhﬁa%md edli elliur@dishm_tljadrpsegdmisty?)emlupﬂb_ fﬁs?lgring icgo- 0
, and, then each ¢ sanple was_diluted t t uf fer :
and sP#icaeptigieells from anggher d@lﬂf}fgﬁﬁéﬁ%?g?)mam‘ﬂ%g/ 3(5’%%&6 ?5@%%“%?6 &l ar P

Li 9N UGLEL, s 0haRidHed Aol MRS SRR 6 BIH cbAfiibA ARELShANATEY o

Actin and 1nsulin were nmeasured wth a hybrid probe protocol and
Mast eplatdsteontinwelt tb proliferatel Roche #2158825) according to the manufacturer's

instructions. P itated b i son with : f

cach protuct ampTon o P Pesea GRS Thh it Bualid BafehARARe! SULEE ©
b ", U

Pr 0be passh ket GAAP Jﬁ@%ﬁ@%@%@%@@ 16ESIAT CoASROEFew! SHIRENCATECA

Bet a-act 1 h ATCC Seq. AGA Seq. CATCGTCACCAA GAAAATCTGGCACC No. 1 ID
No. 3disbes weid hdovestdaad Sembineth Woportion of these proliferated cells were seeded into

new tissue culture dishes becoming cultured passage 3 (p3) cells. Another portion of the cells

was encapsulated in alginate-polylysine microcapsules referred to as encapsulated p3 cells.

Example 3: Characterization of p3 cells grown in culture without encapsulation.

The p3 cells were seeded onto new plates and grown in serum free SM95
media under standard culture conditions. In vitro analysis of the cells showed stable levels of
insulin and glucagon mRNA were expressed, as compared to pl and p2 cells. However, the
P3 cells in culture secreted high levels of insulin in a glucose regulated manner suggesting
the P3 cells had normal islet-like function.

Assay of insulin and glucagon mRNA levels

Insulin and glucagon mRNA expression from cultured p0, p2, and p3 cells was
determined by RT-PCR assay. RNA was isolated using the RNeasy mini kit (QIAGEN
#74104) according to the manufacturer’s instructions. Briefly, lysis buffer (650 pl per 10 cm
plate) was added to the cells, collected with a disposable cell scraper (Fisher #087732), and
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7 GCCATCAAGCACAT AGAGGGAGCAGATG CAGCCTGCAGCCCT TGGAGGGGICCCTG Insulin
CACTGT Seq. | D CTGGTA Seq. | D TGGECC Seq. | D CAGAAG Seq. ID No. 2 No. 4 No.
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Insulin and glucagon mRNA expression of cultured p0, p2, and p3 cells were
determined and results are shown in Table 1. Both insulin and glucagon mRNA levels were

expressed at stable levels during all three cell passages.

Table 1. Insulin and Glucagon mRNA expression of HD394-P0 through P3

Passage Number Insulin/Actin ratio Glucagon/Actin ratio
PO 2.6 1.56

P2 0.2 0.46

P3 3.0 3.9

Static glucose stimulation (SGS) assay

Cells were cultured until nearly confluent. Three days prior to the SGS test,
the culture medium was replaced by a medium of similar character but lacking insulin and
containing only 1g/L of glucose. The medium was changed each day for three days and the

SGS test was performed on day four.
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is determ ned by radioi munoassay (RIA). The results of the SGS test are

of ten expressed as a stinulation index, defined as the HG insulin value

di vi ded bwotoh®s40@ 1 i nsulin value. Generally, a stinulati @cTiusdezxieod about
2 or greater is considered to be a positive result in the SGS assay. Table
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Table 2 shows the results of the SGS test for unencapsulated cultured P3

cells. The cells had a basal insulin release level of 149.5 uU/60mm dish/ hour and a
stimulated glucose level of 781.6 uU/60mm dish/ hour, a 5.2 fold increase of glucose
stimulated insulin release. Furthermore, the cells returned to a normal, basal level of insulin

release post stimulation. Thus, the cultured p3 cell showed normal islet-like functions.

Table 2. SGS test result of non-encapsulated HD394-P3 islets

Glucose | Low 1 High Low 2 Low 3
Stimulation (60mg/dl) (450mg/dl) (60mg/dl) (60mg/dl)
Insulin Output 149.5(uU/ml) 781.6(uU/ml) 348(uU/ml) 163.7(uU/ml)

Example 4: Encapsulation and aggregation of P3 cells.
An estimated 14 million cultured P2 cells were encapsulated in a mixture of

high-G alginate and high M alginate to become encapsulated P3 cells. The P2 cells were
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used for transplantation. Exanple 5: Characterization of encapsul ated
aggregated P3 insulin producing cells. Wthin twenty-four hours after
encapsul awpen/josqohe proliferating pancreatic cells aggreg&cedsandiedé spl ayed
cellular architecture simlar to that of encapsulated islets isolated
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solution to inhibit endogenous peroxidase activity. Slides were boiled in
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solution were a
aggregated and dlsplayed cellular architecture similar to that of encapsulated islets isolated

directly from pancreas. I vivo and in vitro assays demonstrated the encapsulated
proliferating pancreatic cells were able to function like in vitro remodeled islets.

Histology of encapsulated, aggregated p3 cells grown in culture

Cells to be examined by immunohistochemistry may be cultured on glass
chamber slides for microscopic examination. Alternatively, cells grown in conventional
tissue culture or encapsulated cells may be manually removed from the culture and embedded
in paraffin for sectioning. PDX-1 antibody can be made following the teachings of Leonard
J. et al., Mol. Endocrinol., 1993, Oct 7, (10) 1275-83.

Cell differentiation markers are varied and can be detected by conventional
immunohistochemistry. A generally applicable protocol follows.

The staining process begins with removing chamber portion of the slides.
Cells were very gently rinsed with in buffers and fixed in paraformaldehyde solution. Cells

were then incubated in a blocking solution containing normal serum at room temperature.
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I ncubated in a noist chanber. (Table 3 lists comonly used primary and
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031 05 Fosr PerF OSDrSIBE RSS! 090 st AT U8 PRI T RES T 5000
rabbi tmdun%d%ﬁ@o%r%ﬂ%dh%'v@sﬁ&’es@fe shid€0fe dABd hndadkl in H8@aEST 1: 50 npuse
.14 Bioneda Biotinylated Goat 200 anti-nouse 1gG PDX 1:1000 rabbit 1

Sﬁ ripps Bioti nylﬁaht@ﬂatmabmthicelmanémmrergm%@aleingn@(lj’@(?hmslslf}’z‘@@lgr’fb%se 0.5
Phar mf{]é)g tho%’ %n%f [ € cellrs %lrjeber%lbelddD('i %?Sar}atnn an%des with paraffin sections are

dried at 37°C overnight. The cells were deparaffinized and immersed in a hydrogen peroxide
methanol solution to inhibit endogenous peroxidase activity. Slides were boiled in 0.01
citrate buffer (pH 6.0) for 30 minutes to recover certain epitopes. Slides were rinsed with
buffer and blocked using normal serum at room temperature in a moist chamber.

Primary antibody prepared in blocking solution were added to the samples and
incubated in a moist chamber. (Table 3 lists commonly used primary and secondary
antibodies.) Slides were washed and incubated with secondary antibody prepared in blocking
solution. Slides were again rinsed with buffer and incubated with Avidin-Horse Reddish
Peroxides reagent or ABC complex from a commercial kit (e.g. Dako Corporation). Slides
were again rinsed and incubated with diaminobenzidin developing solution; urea hydrogen
peroxides in a gold wrap. After washes with distilled water, slides were immersed in
Mayer’s Hematoxylin for 5 minutes, then kept slides in running tap water until water turned

colorless and nuclei were blue. Slides were dehydrated and mounted for viewing.

Table 3: The primary antibodies that are currently
in use and the secondary Abs that are used in
conjunction with them.

NAME: {Primary Dilutions | Conc.| Vendor Second. NAME: |Second
(mg/m .
L) Dilution
S
INS 1:400 |guinea 7.8 Dako GAM 488 1:500
pig
KI67 {1:250 |mouse [0.05 Dako GAR 488 1:750
CK19 |1:100 |mouse [0.04 Dako | ||GAR 594 1:750
AMYLA [1:2000 |rabbit |11 sigma GAGP 546 1:500
SE
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of the encapsulated p3 aggregates showed cellular architecture similar to that of remodeled

islets.

In vitro function of encapsulated p3 cells afier aggregation

In vitro function of the encapsulated p3 aggregates was determined by SGS

assay (Table 4). The cells had basal insulin release level of 3.7 uU/capsule/hour and a

stimulated glucose release level of 2.3 uU/capsule/hour. The rate was lower than that of

cultured p3 cells. One explanation of the muted response is that alginate binds to insulin.

The SGS test was performed after the cells were encapsulated, but before the insulin binding

capacity of the alginate had been satisfied. The binding of alginate to insulin was shown by

the presence of insulin staining by alginate surrounding insulin-producing cells (Fig. 3E).

Table 4. SGS test of encapsulated HD394-P3 islets

Glucose Low 1 High Low 2 Low 3
Stimulation (60mg/dl) (450mg/dl) (60mg/dl) (60mig/dl)
Insulin Output 3.7(uU/ml) 2.3(uU/ml) 3.1(uU/ml) 1.6 (uU/ml)

In vivo function of encapsulated p3 cells after aggregation
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liver and kidneys were collected for histology studies. Figure 3 A-F shows two areas of
recovered aggregates at two magnifications. Immunostaining showed the presence of insulin
producing cells within the encapsulated p3 aggregates post transplantation. The surrounding
alginate was also insulin positive, demonstrating the insulin binding ability of alginate (Fig.

3E).

Example 6: Characterization of in vitro remodeled islets after encapsulation
For comparison, the P3 pancreatic cells were compared to islets cells isolated

directly from pancreas, which are a model system for diabetes treatment. The islets cells
adopt a recognizable architecture when encapsulated in alginate microcapsules shortly after
isolation from pancreas. The encapsulated islet cells were maintained in culture and retained
functional islet activity as measured by insulin expression and the SGS test. The
encapsulated islets cells also demonstrated in vivo when function when transplanted into
diabetic rats.

Encapsulation of in vitro remodeled islets

38



anylase (Fig. 4, A-E for 6 nonths islets and Fig. 5 A-F for 28 nonth

I slets). CK-19 staining reveal ed an obvi ous difference between native and
encapsul aved3sjosdogr s. CK-19 positive cells in native islet®Crarse2ywsak| y
stained and without recognizable organized cel I uI ar structure. In
contrast, there was a single, Ia er. of CK-19 ve cgﬁhs t ha

surroundi ng t heHlPmapiiglets Wegs iselated dipm dppgryan ﬁf‘% eF‘frg’re evVS ANCEPIUI ar
Struclyret 6(?% Qed. eﬂeifon?\l,nc }ttb%}dg%h,r 8 fhadly 1 QmEe RYs Rblethaih@Rledth on from the

pancreas and i P Vi tro e uni que single layer structure of CK-19
poSi tsm;perrsﬂnlnl <311ti1ra)1mMémmaiei eith sghet fsom dde diitlosts lbalsaiadh%sy\@r}?nwfallepl t heli a.

St ai ni n rine hornopes showed. in a rratostatln
pos! (S EreaeRs FRaPY T SR A e ALt ors duRRRT Buailte £5 W 16
POSi tioGoGal lahal fiRGrsCHEwWPpstiitdtiony 6f &absulaved eslaé gt ﬂlaairtgaeh YnatiP¥ndd pASi ti ve,
suggesting that “they were pancreatic B7ogen|tor cells as reported by B.

Vei r ¢qionnfor oumonths é[ﬂDeBIOZ)FIMABIUSNhSQH y20d0)). The surrounding

CK-19, PDX1-posjtive cell d st ai ni ng
intensity with FFP%‘ es(v&%ﬁ]gg dlsgeﬁ es%zf% 15%':};5% Eﬂéﬁﬁ%l%%fj{%g{a?%hbo in vitro
renodgloRd. Cellehthir the\chpsufesiwne stainad ToreCK 9yPDD©1 fendeérirerhonhorscadsul at ed

I slets that had been nmaintained in_culture for 9 nmonths (HD 357) was

assaydaylass digth&-Bifax ¢ mogthsddets and FigPe-FoiRr esmonthisiets) whi ch  nmeasur es
e e | bvel . CRELOStalrind QvBBES &1 oS liliBiehe b@RBANRb ! 11 o7 !

gl ucose | evel s. m croca su appr oxi mat 0. 75 islet equivalents.
The reasdpsdated slets hCKtF!lQ pbs]fﬁ)@lo@ll&n IﬁﬁeeMSMWsﬂdy\sdmbdiand withew i n

rel ease of, 17 uU i sl F hour an st mul Et ed i nsul |1n1 relojaég f 73
uU i sTespenizghlporeantes 0%1 FsfrctEn [ncquyashdcns wapanglelaye ol Gdfs ol ant ses

test ;»%“il E% t A fe i b SmaihfAfiedlifleQUirRist diffatbhdd ih celhdanpl € Low
(6ongldl ) High (450 Low (60mg dl) 39 WO 03/ 059072 PCT/ US02/ 41616 1

17 73stBRturd indicHdd ﬂm th:e 191&s 7ied modvhﬁ[aﬁtvmmlan@nérmthm percroasvaadfig miEgnd on of
in V|tro renpdel.ed islets The in vi nca slets

it et TR Guifte bRelaRyed St e n Y BEHIOF o Qs AR ARRMEALS 1o L o
into RigmbRAwasd we?@ﬁtdp@thathd%télﬁ{n‘g dffeh@ecrfik-hotfofiedtshowked indelidyl 0od gl ucose

| evel decreased froma pre-transplant |evel of 459 ng/dl to 99 ny/dl
Wi t hi glugegondaaned somatestatmmosiivacebnwenepresgnt i the insidsiceld anags sursadediy |

decr epgedly {;Es‘%{"ve cdifs®” ‘

The CK-19 positive cells were also largely PDX-1 positive, suggesting that
they were pancreatic progenitor cells as reported by B. Weir (Bonner-Weir, et al. PNAS USA
97:7999-8004 (2000)). The surrounding CK-19, PDX1-positive cell layer seemed to
diminish in number and staining intensity with time. (Compare figures 2 and 3.)

Encapsulation of in vitro remodeled islets, in vitro function

The in vitro function of encapsulated islets that had been maintained in culture
for 9 months (HD 357) was assayed using the static glucose stimulation (SGS) assay, which
measures the ability of the cells to secrete insulin in response to different glucose levels.

Each microcapsule had approximately 0.75 islet equivalents. The results are
shown in Table 5. The SGS test showed basal insulin release of 17 uU/islet EQ/hour and

stimulated insulin release of 73 uU/islet EQ/hour. The stimulation index was 4.

Table 5. Pre-Transplant SGS test for encapsulated HD357 islets, insulin output (uU/ml)

Sample Low (60mg/dl) High (450mg/dl) Low (60mg/dl)
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4) after feeding. Blood samples were drained via tail vein puncture and heparinized
capillaries were used for blood collection and plasma separation. Blood glucose was
measured using Beckman II glucose analyzer. Both transplanted rats performed normally, or
nearly so, when given an OGTT on day 35 post transplantation (Fig. 7). For comparison,

normal values are found in Table 6.

Table 6. Normal Values for Oral Glucose Tolerance Test

Blood Sample Time of Collection Normal Range of Blood
Glucose

0 Fasting 70-105 mg/kg, <140 mg/kg

1 30 minutes 110-170 mg/kg, <200mg/kg

2 60 minutes 120-170 mg/kg, <200 mg/kg

3 90 minutes 100-140 mg/kg, <200 mg/kg

4 120 minutes 70-120 mg/kg, <140 mg/kg

On day 59 post-transplantation, rat 1 died of an eye infection. On day 118,

50% of the encapsulated islet graft was remqved from rat 2. Soon after, the animal’s blood
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pattern, within the islets. Direct overlap was not detected between CK19 and PDX-1 positive

cells. Endocrine hormones and amylase showed typical textbook-like cell staining patterns.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by reference in their entirety for all

purposes.
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4. A nmethod of claim1l wherein the mammal is a diabetic human. 5. The

met hod of claim 1, wherein the cell culture has an insulin:actin nRNA
rati o of wetmeso7d: 10 and 100: 1. 6. The net hod of cl ai m 1PCHREsSOBi#w16 he
encapsul ating step conprises: surrounding the cells with alginate to nmake
a capsul e, cross-linking the alginate with a divalent cation, and

pr ovi WHATISHSLAINMEDHS: menbr ane to encl ose the capsule. 7. A conposition
conpri sing encapsul ated pancreatic cells having the follow ng properties:

(i) the ability to bey pasaer.hioGt AATid it KePRShukPcuaRtaNfivessel at

an initial concentration of a S per square centl er and
expandeegs bH about 1,800 cells per square centineter, and (ii) both the

unexpanded and anded cells are 90%.PDX-1 .positive and have an
eul n: act | n VeI E ael FEHE £ PO AEHHEIIELeR e Gl aving o

following properties: (i) the ability to be passed from one culture vessel to a second vessel at
an initial concentration of about 180 cells per square centimeter and expanded to about 1,800
cells per square centimeter, and (ii) both the unexpanded and expanded cells are 90% PDX-1
positive and have an insulin:actin mRNA ratio of between 1:100 and 1000:1;

(b) inserting the encapsulated cells into the mammal permitting the cells to

mature to insulin secreting cells.

2. A method of claim 1 wherein the cells mature into an aggregate of

cells.

3. A method of claim 1 wherein the cells mature into an aggregate of
cells, comprising an encapsulating mantle of CK19-positive cells and an inner cell mass,
wherein the aggregate comprises 50-5000 pancreatic cells and has a diameter of between 50

and 300 microns.
4, A method of claim 1 wherein the mammal is a diabetic human.

5. The method of claim 1, wherein the cell culture has an insulin:actin
mRNA ratio of between 1:10 and 100:1.

6. The method of claim 1, wherein the encapsulating step comprises:
surrounding the cells with alginate to make a capsule, cross-linking the alginate with a

divalent cation, and providing a polylysine membrane to enclose the capsule.

7. A composition comprising encapsulated pancreatic cells having the
following properties: (i) the ability to be passed from one culture vessel to a second vessel at
an initial concentration of about 180 cells per square centimeter and expanded to about 1,800
cells per square centimeter, and (ii) both the unexpanded and expanded cells are 90% PDX-1

positive and have an insulin:actin mRNA ratio of between 1:100 and 1000:1.
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