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BACKGROUND OF THE INVENTION

Type 1 diabetes mellitus generally results from autoimmune destruction of
pancreatic islet B-cells, with consequent absolute insulin deficiency and complete
dependence upon exogenous insulin treatment. The relative paucity of donations for

15 pancreas or islet allograft transplantation has prompted the search for alternative
sources for B-cell replacement therapy.

Recent studies have emphasized the importance of strict glycemic control in
order to reduce ophthalmologic, neurologic, and renal complications of Type I
diabetes mellitus (Fioretto et al., 1998). Yet, pancreatic and islet cell replacement is

20  currently considered to be the only truly curative approach. Indeed, this approach was
recently shown to reverse glomerular lesions in patients with diabetic nephropathy
(Shapiro et al., 2000). The promise of this approach has recently been further
strengthened by a report of the use of an improved, less hazardous glucocorticoid-free
immunosuppresive regimen in islet allograft transplantation (Samstein et al, 2001).

25 However, the shortage in donations is a primary obstacle, preventing this approach



from becom ng a practical solution. Thus, attention has focused on the use
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(Thomson et al., 1998).

The establishment of pluripotent human embryonic stem (hES) cells (Reubinoff

15 et al,, 2000; Shamblott et al., 1998) and embryonic germ (EG) cells (Soria et al.,
2000b), have introduced a new potential source for cell therapy in type 1 diabetic
patients, especially in the light of recent successes in producing glucose-sensitive
insulin-secreting cells from mouse ES (Shamblott et al., 2001). hES cells grow as
homogeneous and undifferentiated colonies, when they are propagated on a feeder

20 layer of mouse embryonic fibroblasts (MEFs; Reubinoff et al., 2000). As previously
shown, they have a normal karyotype, express telomerase and embryonic cell surface
markers. Removal from the MEF feeder layer is associated with differentiation into
derivatives of the three embryonic germ layers, as evident from teratomas formed
following subcutaneous injection in nude mice (Reubinoff et al., 2000). Endodermal

25  markers, but not insulin expression, were reported in a previous general survey of
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of embryonic stem cells utilizing combinations of growth factors and for immortalization
of such cell lines are known in the art, as for example disclosed in US Patents 5,690,926,

15 5,753,506 and 6,110,739 and in the European Patent Application No. 380646, among
many others.

A method for culturing human embryonic stem cells in vitro for prolonged
maintenance while preserving the pluripotent character of these cells, as well as a purified
preparation of said cells, is disclosed in US Patent No. 6,200,806. The embryonic stem

20  cells also retain the ability, throughout the culture and after continuous culture for eleven
months, to differentiate into all tissues derived from all three embryonic germ layer.

A method for producing a surface for supporting the growth, attachment and/or
differentiation of cells, including stem cells, is disclosed in US Patent No. 6,232,121.
The method comprises growing osteosarcoma cells on a surface under conditions that

25 promote the secretion by the cells of an extracellular matrix comprising at least one
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over prolonged periods of tinme, preferably they
SUMMARY OF THE INVENTION

It is an object of the present invention to provide insulin-producing cells derived
from human embryonic stem cells.

15 It is yet another object of the present invention to provide cell populations
enriched for insulin-producing cells derived from human embryonic stem cells.
Preferably cell populations containing selected insulin-producing cells derived from
human embryonic stem cells, more preferably isolated cells or most preferably cloned
cell lines will be provided in accordance with the principles of the present invention.

20 According to another aspect of the present invention insulin-producing cells
derived from hES cells or cell populations comprising insulin-producing cells derived
from hES cells will be regulatable. Preferably they will be glucose responsive, or
glucose regulatable in terms of the insulin production and secretion.

According to yet another aspect of the present invention the insulin-producing

25  cells derived from hES cells or cell populations comprising insulin-producing cells



will be long-lived, i.e., will not undergo growth arrest or senescence,
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differentiation included the generation of cells with characteristics of insulin
producing B-cells. Immunohistochemical staining for insulin was observed in a

15  surprisingly high percentage of cells. Secretion of insulin into the medium, was
observed in a differentiation-dependent manner, and was associated with the
appearance of other 3-cells markers. These findings validate the hES cell system, as a
potential basis for derivation and/or enrichment of human B-cells or their precursors
as a possible source for cell réplacement therapy in diabetes.

20 According to a currently more preferred embodiment of the invention it is now
disclosed that it is possible to stably transfect human embryonic stem cells with the
insulin promoter. As will be exemplified hereinbelow, these stable transfectants
maintain their pluripotency.

According to one currently most preferred embodiment the insulin promoter

25 may be linked to a convenient marker such as a fluorescent marker, such as green



to be selected or enriched by fluorescent activated cell sorter (FACS). The
stable transfectants can be selected with antibiotics, such as hygronycin
by way ofwpmnw9id7seri ti ng exanpl e, and be successful |y cl on@dT/Tbo2BRBEF

DESCRI PTI ON OF THE DRAW NGS FI G 1A denobnstrates an enbryonic body (EB),

X20, in SUSpPeRsinBpRda¥S bR of nErﬁHBYtﬁﬂg REmpiS, FEich %nefb'iég%évgﬁlsfeaa%s 1B
shows an EB, x40, in suspension 3 days after renoval of ES cells from MEF.
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serum FkG 3A pr esents insulin secretion by undifferentiated hES cells
(UhES) cultured in knockout nedium or allowed to differentiate in
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human 25 fi br gblasts (NHE) 6 WD 02/092756 PCT/1L02/00369 FlIG _4B exhi b| ts
expressi on off 16 1B shovesi 1. 50, in pyspensions3sfeys affgpenggval of ES cells from MEF.

10  FIG. 1C represents an EB, x40, in suspension 17 days after removal of ES cells from
MEEF.
FIG. 2A displays insulin expression in control tissue of normal human pancreas.
FIG. 2B-D exhibits insulin expression in an EB at day 19 after differentiation.
FIG. 2E shows the cytoplasmic localization of staining (insulin expression) in an EB,
15 19 days after differentiation.
FIG. 2F demonstrates EBs at day 19 after differentiation with non-immune serum.
FIG. 3A presents insulin secretion by undifferentiated hES cells (whES) cultured in
knockout medium, or allowed to differentiate in high-density adherent conditions
(dhES) for 22 and 31 days.
20 FIG. 3B exhibits insulin secretion by hES grown in culture and in suspension as
eﬁbwoid bodies for 20-22 days at varying glucose concentrations.
FIG. 4A demonstrates expression of B-cell related genes: insulin and GK in the
total RNA of undifferentiated hES (uhES), differentiated hES growing either as
EB or as high-density adherent cell cultures (dhES), and from normal human

25  fibroblasts (NHF)



undi fferentiated hES (uhES), EBs, high-density adherent cell cultures
(dhES), and normal human fibroblasts (NHF). FIG 4C shows expression of
Cct 4, Ngr8oan@9a78%-1/ PDX1 in the total RNA of 5 undiffererCraLedobdEs
(uhES), EBs, high-density adherent cell cultures (dhES), and normal hunan

fibroblasts (HEF4B kkibitd AxReRidS 8NGIuEBang aBRE-atiadint 8 alioness stably
transfected with an insulin pronoter. FIG 5C-D presents insulin positive
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insulin pronoter. FIG 6A shows | uor éscence after differentiation in

|1 B6 clone. aﬁ&&mﬁﬁhﬁﬁm@r&ﬁa%@ﬁ)! uorescence after differentiation in

I B3 clone. FIG 7 denonstrates FP “expressing cells surrounded by neural
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Wer e success rated 1n vitrdo from pancreatic stem cells (Raniya et
al., 20005 Am k. f S 1HCE gcqﬁi%latter
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di abet es aftgnr1 bei g, '?;’Trptlibarn%gs j on- obese di abetic mce. However, the
maj or practica P T At on 207 of I’'s approach is the restricted nunber of
cells that c b | tivat fromh n ancr a. nce, human enbryonic
stemcells rggpég‘é*%# BiefeRy ag‘fr@raﬁ%ﬂﬁ QPneSaﬁ?%bf Fﬁ%??fg? ’T’ﬂﬁ Pr esent
invention relatgs to the generation, enrichnment, selection, cloning and
usage of insUPHEBPOWEEi ng celI's derived from human enbryonic stemcells.
The 25 inventio i1l now be described in detail with respect to preferred
enmbodi nent s. %GV\%C%/%@Q‘?SGHSP@T/PP%?? e%@e@thla EBsegensrpied dipa glonss) yr i pot ent
enbryoni(i stemcell" as_used herein nmeans a cell which can give

0 stably transfected with an msulin promoter.

FIG. 6A shows EGFP fluorescence after differentiation in IIB6 clone.
FIG. 6B exhibits EGFP fluorescence after differentiation in IB3 clone.

FIG.7 demonstrates EGFP expressing cells surrounded by neural projections.

15 DETAILED DESCRIPTION OF THE INVENTION
Recently, islet cells were successfully generated in vitro from pancreatic stem
cells (Ramiya et al., 2000; Amit et al., 2000) of humans and adult mice. In the latter
study, Ramiya et al. have shown that these islet cells could reverse diabetes after
being implanted in non-obese diabetic mice. However, the major practical limitation
20  of this approach is the restricted number of cells that can be cultivated from human
pancreata. Hence, imman embryonic stem cells represent a reasonable potential
alternative.
The present invention relates to the generation, enrichment, selection, cloning
and usage of insulin-producing cells derived from human embryonic stem cells. The

25  invention will now be described in detail with respect to preferred embodiments.



rise to many differentiated cell types in an enbryo or adult, including the
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culture nedium are esseptial to the formation of pluripotent ES cells.
Thus, the anSUMPeRPFURe! apedipe qopdifipned by; cerigin cellyi Indhe spseflweofeﬁﬁaffqresm t of
the pluripotent ES cells., However, the factors al so serve to enhance the
growth affl alavgiwer gondghoned apdingy theckEs |cetle setapeouskyndiffergpiate ing a wide
proliferation of the cells. Accordingly, the factors also appear to help
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an expressi oAkt or conprising the coding

“Feeder layers” as used herein can either be cells or cell lines cultured for the
purpose of culturing pluripotent ES cells. Alternatively, feeder layers can be derived
15  from or provided by the organ or tissue in which the primordial éerm cells, embryonic
ectoderm cells or germ cells are located, e.g. the gonad. Thus, if the somatic cells of
the tissue or organ in which the desired cells are located are sufficient to provide the
appropriate culture environment, a separate feeder layer is not required. Alternatively,
the feeder cells could be substituted with extracellular matrix plus bound growth
20 factors.
The term “supplements” is interchangeably used herein with the term “factors”.
Factors added to the culture medium are essential to the formation of pluripotent ES
cells. Thus, the amount of the factors utilized is determined by the end result of the

pluripotent ES cells. However, the factors also serve to enhance the growth and allow



5 sequence of a gene of interest, said cells capable of expressing said
gene. Particularly in the context of this invention, the genetically
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conmi t ment oFe‘&G‘tceesf‘?PF&?gr’?‘RI?o gEERAl ITEesqriey BtpasTEs € 5)3 % F‘gi é@ct © &P |
unknown. 9 WD 02/092756 PCT/1L02/00369 Currently used hES cells are not of
clonal ori gi RroRMEAEpe-8-LT¥dithatibeeasese aeiirs i fseby piagemitpss af penyvaly stagesnt i at ed
state, suggesting the need to examine the in vitro differentiation of each
hES deri V@8d oépicells differentihtion patbway; ipman tetomesasa ndvase crhinorptaseEBETERE); b | i nes
with well defined differentiated responses to growh factors (Klug et al.,
5 1996). The seledvioy aiakler dickidingeut Sot tinfited yantibotit, RpAheonprcd of fiyorésdence
differentiate

marker, e.g. enhanced green fluorescent protein (EGFP); a constitutive promoter, €.g.

PGK promoter or other mammalian promoter. The genetically modified hES cells

may be cultured under conditions that will direct them to differentiate into insulin

15 producing cells.

II. Preferred modes for carrying out the invention
It is known in the art that embryonic development of the pancreas is the result of
several distinct but interacting mechanisms involving growth factors, epithelial-
20  mesenchymal interactions (Edlund, 1999) and extracellular matrix that eventually
regulate the expression of diverse transcription factors (Apelqvist et al., 1999; Kim et
al., 2001; Efrat, 1997). However, the initial signal in the cascade of events that
eventuate in the commitment of gut endoderm to develop into pancreatic tissue is still

unknown.



spontaneously. In order to enrich the population of the undifferentiated
hES cells of the invention and to maintain its honogeneity, the innate
spont aneow® 0diodX76¢ enti ati on of these cells has to be suppcegeexhosdet hods
for suppressing differentiation of 10 enbryonic cells nmay include culturing

the undifferenti @hﬁ%t%e&qmscce@@|akesn&rbfacloﬁa?%ﬂ§1'h HAYRE thetUrdng@n&tls MUri ne
fibroblasts as in the non-limting exanpl es deséri bed hereinafter, or in

medi a condi t i Bglﬁi%n@é’ ik %ﬁhl@fefe%ét@d sth@ A5 bdsAhe ?Je fibd i&éﬁﬂlﬁlﬁe%é %vzbla hES
cells, preferably a controlled in duction towards a specific cell [ineage,

is primarily qaehlGM66 I)Péacﬂﬁﬂ?’ﬁlsﬁveméeﬂ ﬁH&*ﬁdﬂQ ?Je?lglge(grﬁf giilaenl}me ?lonal hEEe

differentiation-suppressing e rom -t
culture. To | e cells
mist Do i 0 a FaabeLhas ot Be i aRT cuale B LLBHPRLE bl ot 00 Cor
the grow aqg @I fferentiation of enbryonic stemcells, can be used with
the present invention. Such ceI | culture nmedia incl ude but are not

limted to Basal d| agl e c dlfled Ea | scove's
Modi fi ed Dul becc al%f?’i’fﬁ? o ‘Qg @/ﬁﬁlisa% M“H’r“ﬁum etﬁt %@g ‘Wg%tl um F-10
Nutrient M xtur T ced- Ser.um

Macr ophage- SﬁRﬁ’I}\fé’(‘TP‘lﬁx 3?%@(\9!%5% ﬂgltcﬁ potpﬂ P%PP/%?WEH}@{?WH ipted hﬁgﬁa{?rﬂ can be
supplied in ther a concentrated non-concentrated, form

and may be sf'f}bepum'%’awagn Fomen iy feidoreid pbhmpe B arpyOFTSaice

Cul ture nedia IE V\g 02/ %22756 PCT/ | LO2/ oog) cormer | al If)l( ava| | abl e
from many so@f dhese %H% as, do (e gppiaiRed- ( Methefsy E)lﬂ‘@)re%ﬂlg) HEE mf (st.
Louis, M.) According to one aspect of the present invention, control | ed

di f f er entlPat ieB¥bryoRic ¢4 lﬁr%a%fncﬁﬁs cultpiing theidiferentiated sulsygaussifgonel s, s
preferably conducted under 5 serumfree conditions, also terned

herei naft er Kersexloyer, sheliiasof mories Sprablagts ag indhg nercliwliingesemples described

suppl emented with serum repl acenents; nonessential am no acids;

2- mer capt oet Marsbiaftery prinanddiceconiitioneddyyeteseiastls, t he knockout mediumis

Induction of differentiation in hES cells, preferably a controlled induction

towards a specific cell lineage, is primarily achieved for example by removing the

15  differentiation-suppressing element, e.g. the feeder layer, from the culture. To
effectively control the consequent differentiation, the cells must be in a homogeneous

state. Any cell culture media that can support the growth and differentiation of
embryonic stem cells, can be used with the present invention. Such cell culture media
include, but are not limited to Basal Media Eagle, Dulbecco's Modified Eagle

20  Medium, Iscove's Modified Dulbecco's Medium, McCoy's Medium, Minimum
Essential Medium, F-10 Nutrient Mixtures, OPTI-MEM® Reduced-Serum Medium,
RPMI Medium, and Macrophage-SFM Medium or combinations thereof. The culture
medium can be supplied in either a concentrated (e.g.: 10x) or non-concentrated form,

and may be supplied as either a liquid, a powder, or a lyophilizate. Culture media is

10



further supplenented with human reconbi nant basic fibroblast growh factor
(hrbFGF). 10 ES cells can be used to screen for factors which produce ES
derivati weO(oe9256 di f ferenti ated) cells. Many standard ne&o3/ILe@/@ad%r m ne
the presence of a nore differentiated cell are well known in the art. For
exanpl e, RT- RBéimepiliysailableti¥in miy foiedes Guét KAGIBCT BRE (GhitleRBuidEHdgel | s,
enabl ed detection of a variety of differentiated cell markers including
insulin (Robghd Sigtha (§084dis, MOyever, quantitative aspects, 15 including

el aboration of insulin into the nedium and percentage of insulin producing

cells, were not KgeMiink o bRCabdt of i Prebddt BvERInOPornd116d HitfeRhtidtnGRab! € the
use of hES <cells as a source for (3-cell replacenent cell therapy. The

ce
resent i nventi Vi ! B h i pasul i n-
T eti ng col i S BES LLfle Tl RS il AL Holofb LA i

S not” an I nfrequent

out come i B t gy ,28kCOHIRRRY fal&yo%%@dqﬁggiﬁaﬁérfﬁ%ﬁg{ %n%h{ug‘p ?’ieéam,nthgnbr yoni c
stemcells in culture, undér the appropriate conditions as di sctf’osed
herein. This vat i }.S .S o] i tal .st gi es
based upon ¢ ALOSEH BRARE, 1o RpRERRERUIRL b epn RtREL Tofpaa GRNED

P oduce and fedSr s AROBRRT Ml eT Suod diSRbus o BRobeien R R 2 and
oot ePes! e ot RaaRs il bbb Bh e B 1208 Su6 ket ™
stinmulated i sgt' secretion (Matschinsky et al., 1998; Shepherd et al.,
1999; Alarch7 éﬂbl., 1998). The possibility that the insulin staining
(Ling ot 11T 1 GhE celSodn tontopd thporedt 9t Foioks THERPERULGS SoRGHVeErREr o ©
identified, including the tenporal course of appearance 5 of (3-cel

devel opment aditfegintialed) sells- iMany; gopdard meansstecdaisrie Be mresense ph acadged

insulin. Another prerequisite for effective cell replacenment therﬁgy t hat
t he insul in differentiated cell are well known in the art. For example, RT-PCR applied to RN

extracted from differentiated hES cells, enabled detection of a variety of differentiated
cell markers including insulin (Robertson, 1987). However, quantitative aspects,
15  including elaboration of insulin into the medium, and percentage of insulin producing
cells, were not known in the art. Such information is crucial to enable the use of hES
cells as a source for B-cell replacement cell therapy.
The present invention provides evidence that a pathway for producing insulin-
secreting cells with additional B-cell features is not an infrequent outcome in the
20  course of spontaneous differentiation of human embryonic stem cells in culture, under
the appropriate conditions as disclosed herein. This observation is a prerequisite for
experimental strategies based upon the enrichment of spontaneously appearing B-cells
or their precursors for cell replacement therapy. The cells described herein, produce
and secrete insulin, and express two essential genes, Glut-2 and islet-specific

25 glucokinase (GK), that are believed to play an important role in B-cell function and

1



production by human enbryonic stemcells be glucose responsive or otherw se
regul atable. As long as (3-cells are not in a honbgeneous or enriched
state, buwoOrabiasse 10 present anong ot her cell types, it | ®CRALOPO3S bl e to
isolate the effects of glucose from countervening effects of other

secr et agogue gluchisl tARIAH iBsulintedrBRonA VARG et alOITOGESRARE 6€41], 1999;
popul ati ons, conpari sons based upon different experinental conditions are

not readily Quassd éti aﬁ%&’l@%ﬁ?ﬂé%loé’sibﬂl&%% AQGRGIA M ATRNYNERR BRGNS B-

difficulty in normalizing insulin résponse to parameters such as protein or

DNA 15 cont i 4dDKEF ScfibmBvonic 5P0Ber orfeifiIghd &1 S1403) 8OLiSSy LfkkeRE! ecti ng
eg s, for {%% pur a o%- g@?

progenitor c ose of Iso and propag on of’’sel ect ed
cells, from el er.oge us cel |. u i in de transfection of

o ur  pot et S REDGR Rarkele Fnlin Pithitbiadle lbbiabfimsd SEHBREARE T,
specific pro er e further |linked t.o a_.onvenient ker such as
ShCibi oni 8 260 el tyRRamEtat et ruSu e B St R B aroRSiee. or
fluorescent narker which enables to select the desired cells by

fluorescent #stiated cells sorter (FACS). According to one currently
preferred enbodi nent of the present invention non differentiated human ES

cel |'s are transfdapther pieraquisite oy eifzslive cplt replarempntotherapy thatothe paliBnes
active in O-cells progenitors at the very early stages of (3-cells

devel opnent PrEuginar by rhusgh cenghrgenss siemi eqllsdere glupese tepgabive tof eotharwise pot ent
character of the ES cells. 12 WD 02/092756 PCT/1L02/ 00369 Additionally, a
sel ecti on nardgelatabie. asiklledg endrecllstanenatams hahogehemiaodeichedtate, am chther
transfected cells are allowed to propagate into differentiation resulting
in the poOodpedsémamohg sthbeailityges,) inBulot pospiblede! Bolag thebifectd sNphgoselism
fine-tuning of insulin secretion in response to glucose requires cross talk

5 between adjca@fétverling Geletts SRUGtHED sbdtereide0dial FuBb@iodg e ieitlie/ abseaek iof has
been shown that isolated (3-cells function differently conpared to

(3-cell's foummbgenebuisS b8l oPiilatidds e UekBpatlseilsS bl akdh! diferedt eRperimedO;
Bonner-Weir et al., 2000). ncei vably, |ong
conditions are not readily quantified because of heterogeneity among EBs and the
difficulty in normalizing insulin response to parameters such as protein or DNA
15  content (Jonkers et al., 1999).

Preferred strategies for selecting progenitor cells, for the purpose of isolation
and propagation of selected cells, from a heterogeneous ES cell population, include
transfection of pluripotent ES cells with a cell specific promoter. Preferably, the cell
specific promoter may be further linked to a convenient marker such as antibiotic

20  which enables to select the antibiotic resistant clones or fluorescent marker which
enables to select the desired cells by fluorescent activated cells sorter (FACS).

According to one currently preferred embodiment of the present invention non-
differentiated human ES cells are transfected with a cell specific gene promoter that

becomes active in B-cells progenitors at the very early stages of B-cells development

25  wherein said transfection does not impair the pluripotent character of the ES cells.

12



term exposure to high glucose |evels mght affect the function of such

i nsulin- producing cells and reduce their responsiveness to acute gl ucose
changes awoha®9tieen 10 previously reported in other syste®sT(laloasds et
al., 1999). This high glucose nmedium is needed to maintain the viable
growt h of hEAddRiofislyl W ®lecor niaiies 6l a@RedNAHePhe WoHElE oft K& PR&®IRIdnHt Y t hat
protocols allowing growh of cells with insulin-producing capability in

nedi a cont ai fafdedt@VREND hHC ABEWSIORS YRépagits GRS, diIRYentifRA testling SRt AEE
gl ucose responsiveness. In any case, for treatnent of diabetes with R-cel

grafts 15 depiogastidndPRridétdve iit-bAUEGnd &R cldks.| S necessary to denonstrate
stinulus-secretion coupling after obtaining enriched or honbgeneous

(3-cel| cul tur eSmaguha Ry IETPASHLAh GGl SUREFRARN gl dig-ce! | <

(Shanbl ott et al., . For the first ti | at using

the diffekentjation.of | i.n f cel | s under, a.vari.et f
exper | ment al Pesed Auiert BReIT leaf Sneblnah P ftnsy, M3 LR e
features, includin st_notably insulin production apnd secretion-are
et abl i shed. [0S Prigs cfiBgtios GHFereaRY t Embiefs o Progds R 9f alpsers ot
transfectants of hES have_ been obtained. These transfectants maintain
pl uri pot ency Psavdgisists Ebpolpis ¢t abn?(08hBemmegr i ¢t e d00®n Eangeiiably, ongb| y
transfected clones were grown in suspension cultures, cell aggregates
(enbryoi d bo#iresyxpaeyre tgangh stusese iels nzighti affegp thea maden 06 swill thselype 25
hESC. 13 WD 02/092756 PCT/1L02/00369 It is conceivable that enrichnment and
pr opagat i on ofodpeingeclisumt aeduod theindéspbmsivendss &t euiteagluceet thangesdhis fhebeent i at ed
enbryonic stemcells will suffer the disadvantage of |ow proliferation
capaci t y 1&nd ptaviriuslgdeporttd irsggher. syGandJonkerssst alnd 999 This diighdshwiogmeellito
overcone this [imtation will greatly increase the clinical 5 benefits of
cel | repl acemsemted¢diormgiptainTthe siabls grawth obbES itff @rdtutren buicthisalbes saipkecivdaewal "  of
the pluripotent undifferentiated enbryonic stemcells, which will provide a
| arger supplhe @bssitEByciat rotaceds fatiowing ofofvelr aif i s Wivith idsdliher&lutingt | on
which will provide a

capability in media containing lower glucose concentrations, may impart or restore

glucose responsiveness. In any case, for treatment of diabetes with B-cell grafts

15  derived from differentiated hES, it is necessary to demonstrate stimulus—secretion

coupling qﬂer obtaining enriched or homogeneous fB-cell cultures, as has been
demonstrated for mouse ES derived B-cells (Shamblott et al., 2001).

For the first time it is now disclosed that using the differentiation of the H9 line

of hES cells under a variety of experimental approaches disclosed herein, abundant

20  cells with B-cell features, including most notably insulin production and secretion are

established. It is now disclosed for the first time that stable transfectants of hES have

been obtained. These transfectants maintain pluripotency, may be selected, enriched

and cloned. When these stably transfected clones were grown in suspension cultures,

cell aggregates (embryoid bodies) were generated, similar in appearance to wild type

25 hESC.
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| arger supply of lineage-specific cells, particularly insulin-producing (3
cells. Agents which may confer growth advantage to differentiated- and
undi f f er ewDicaweIsenbryoni c 10 stemcells will be preferablPgTaridiozed in the
present invention. Telonerase in particular my be used to maintain

telonere length Rng icBARBAbIEY AN EnHAGAGRYarRX bRpeeakiBe o Nk fRadel AT
capacity of the enbryonic stemcells. In those instances where ectopic

OVer - eXpr ess udiffBfenttER s  HIP BT AFBrehBN&T SRbhOAISGEhPEAR ewlil TR mdoes not
adversely influence the differentiation pattéern, it is possible to generate

a fully 15 dishdanepd atied sHesktgen Qﬁ&g%n@fnrﬁi%hol%r%a& EORifidny SnfES cell's.

In terns of strategies for ‘enriching the population of 1 nsulin-secreting

hES derived l4 f figs Aact erj.zaf - results
nfeflolds de%igged o 0(/&5319@ thlﬁ hﬁl&@l{)ﬁ Wwifl %ﬂle%g/ d?rg;Sea% lfﬂaychlﬁw[’l

certainly indicate t the approac rst desc ug et al. to

enrich cagdi yf P ' | . o the

pr esent agpl ?g%?l? %é\ﬁ?&lr%fgmg@gﬁﬁ?m@é%@ '1§ E‘#%}Z t?g%rq%éa%{gs’egq%ﬁgfgh i's
based upon agst abl. ti-0n40 el.ls w cardi ac.nyosin

pronot er fol Ith(s;ev\ﬂ?1 ﬁxlg“??ténlgﬁglggﬁgﬁnbg {eg?l eetrﬂbgg’tn %oir?enéfc\é\isl%alih” %hei%lqlg Pf°<¥\k‘%¥ %Zarger

cardi onyocytes. . This.,si.nple geneti.c nodifi ion perm.tted.the generation
o esoenti o Py PEhEs RO ek BF PR GRi wit AR AR My B PR R g s
cells. As one non-limtative exgnplﬁ, in. tﬁe_ca e of (3-celbs, the insulin
promot er f usHEY SURPLY ShRtace sPRCE] cslle RaFHicHigFk dsufingraduase Beells Agtne

rel evant selection tool for these cells fromdifferentiated human ES cells.
14 WO 02/ 092 Thé&hpay qopfep goovil advapiagelediffyrentiatedt gndiumdiffesentiated gpbwasicext ended
to enrichnment of (3 cells fromnouse ES cells (Shanblott et al., 2001 ).
cur fi ndilfgs siemdielawdl bepreferpbritiligerbin thegrveNent inyention. Telgnesmasq frepagiécular
differentiation from non-clonal pluripotent hES cells, EBs are produced
with a surprimayned ysddi toh magyie delomarei sngthf andeintegrityi aid itheseblyi extendothaci ng
capacity. In the 5 current study nore than 60% of EBs contained scattered
pocket s of pomilifératainycapsciynifribe embiybsic tsteat calle pindbesatindarsenwhdre 36topi t he
popul ation of cells within the human EBs, as opposed to less than 1%in

t he nouse ESoydrfaxptessidd3F; mbhanidlaméraet raerse R806drjptase (WTERT) does not

adversely influence the differentiation pattern, it is possible to generate a fully
15  differentiated desired lineage of telomerase positive ES cells.

In terms of strategies for enriching the population of insulin-secreting hES
derivgd cell lines for further characterization and study, our results certainly indicate
that the approach first described by Klug et al. to enrich cardiomyocytes from mouse
ES cells is potentially adapted to the present application (Klug et al., 1996). Briefly,

20  Klug’s approach is based upon a stable transfection of ES cells with a cardiac myosin
promoter following induced differentiation of said cells towards cardiomyocytes.
This simple genetic modification permitted the generation of essentially pure culture
of cardiomyocytes from differentiating ES cells. As one non-limitative example, in
the case of B-cells, the insulin promoter fused to a downstream selection marker could

25  serve as the relevant selection tool for these cells from differentiated human ES cells.
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Al t hough this appears to occur spontaneously, it should be noted that the
differentiation medi umwas supplenented with bFG-. Recently, Hart et al.
(Hart et WO 0al092752000) have suggested that FGF signaling may/1be/ioseol ved in
(3-cell maturation, terminal differentiation and post-natal expansion.

Ti ssue engi negfecbdlYe&Rl M SifatedyPHsCRlcRddd B lenfitinfent 8¢ BlcEB2AYm Baotid g Ci ent

basis for enrichnent protocols, based on the strategy described in Kl ug et

al (Klug et alys shIRBibte ot | éﬂb‘i%%? %P%ihgseinﬁicgtgggzg e&%‘r?hg{%r coiiRsEs opf  about

60% of the EBs contarn’insulin ile the“remain suggests 15 that

it may be us ?{)&Htante usb(ﬁﬁ%@nt?éﬁoﬁ %loﬁlcltxc%nlocgor}aagS]tuﬁggélﬁthngceﬁsB SEng' atéefhpr]tpav?ceg | ghest

percentage of" I nsull n expressing ce source nateri or
cubseaen: o QUE oy TRkt AP BSSRASeBR 1L
e AR T T LA e
T ORS00 BIYS e b B
e, SO0 S b TSR PRS0, ARGl 1 ' R,

techni ques are_known in the art for the 25 introduction of foreign genes
into cells i AdIhOREtndhig| arpests pisr 264N sPoptapesuglyt jibrshould sheymates) g 7ibe
PCT/1L02/ 00369 mcroinjection, infection with a viral or bacteriophage
vect or cont aidHfesntiphen mediam wegweplemented with bFGE; BacendyHarbsiode®iedit at ed
gene transfer, mcrocell-nediated gene transfer, calcium phosphate
medi at ed 10r ankf 2000) bave suprsted thad G sigiabing mey be ifwbeddn @-cell mapwhfidrer et
al ., 1993; Cohen et al., 1993; dine, 1985). These nethods may be used in 5
accor dance wtdrinirtahalifferestintion | ande post-antal pronsided Tissed chfiaecding estiainies
devel opnental and physiological functions of the recipient cells are not
di srupted. Thelicet thadkissibalitady aadusfivignt dasisifr anridhaleheprbtoasis,ftagedodn the gene
to the ES cell, so that the gene is expressible

strategy described in Klug et al (Klug et al., 1996). Of importance, the finding that a

subset of about 60% of the EBs contain insulin while the remainder do not, suggests

15 that it may be useful to begin by selecting the subset of EBs with the highest

percentage of insulin expressing cells as the source material for subsequent

enrichment. Selecting this subset of EBs without sacrificing them, can be achieved

using hES stably overexpressing a vital reporter marker driven by the insulin

promoter. As exemplified herein below, additional protocols to enhance the starting

20  number of B-cells in the mixed population of cells within the EBs can improve the
yield from enrichment strategies.

The desired gene, the expression of which may for example confer growth

advantage or increased efficiency of selection to the cells of the invention, is

transferred to a cell culture. Numerous techniques are known in the art for the

25  introduction of foreign genes into cells including electroporation, lipofection,

15



by the cell and preferably heritable and expressible by its cell progeny.
Usually, the nethod of transfer includes the transfer of a selectable

mar ker t owoDhe/ogxbé s. The cells 10 are then placed under seCa&aLI203¢9%

i solate those cells that have taken up and are expressing the transferred

gene. |11. PhatomstionyinfbfoERith e Visal r YabBrityhase RéctértaRidif teagtnbe used

to derive cells for therapy to 15 treat an abnormal condition. The subject

i nto which tB&ueRsy] dell fREG Uﬁbﬁgscﬁ&L&&laﬂFééﬁ%Qngféloﬁil&mﬁlﬁﬁé&ﬁe@%eﬁm cells
are introduced, or fromwhich the pluripotént enbfyonic stemcells can be

derived, is lardﬁéf@rr @Qhﬁm%ho@ﬁﬂa%edﬁt&ﬂr&lﬂfé&ﬂoxp‘éf)hé?GHlast lﬁ'ls'iﬂ %fé és@e @g' mal s

such as cows, pigs, horses, chickens, cats, dogs, éf erabl y

a manmal , a“io??l%f et e¥®r3aébl?:en*%'t'£‘ia’i99f @B@&%Q@K%&J&% ) ?'b8u§etdgﬂ‘ .20 cel |

is origi naIIy i ved’ fromthe suBject to stere

the trangpl g@éordaicé‘%ﬂ e St n'i%mﬁ%( ﬁﬁ;gr ) hh%?%é%%%%??e%@loﬁ#{m alnd cel | &

coul d be use sourc I nsu acement cell

t herapy. The r.Qv net hods _.of treat.nent n ion to a
subj o6t of PP BB s FnanzeR af%a%p%ls. Pegothedfihe .ds.%ﬁ

t her apeuti cal eff I 25 a nt of f abI
i nsul i n- prodﬁi,s?{ll? K= IaISt%)ier‘fr%{‘frgf ?%ﬁ‘% oelly %ﬁgat WIXB@??@%
PCT/ 1 L02/ 003 el.l . envi si one for th S
referred to g@ ilfa["grpr §ra Y he ‘BlFéﬁ‘iﬁ’fﬂr?:“l Cé?ﬁ &?P ﬁé‘fa?]?’h%
invention". In a preferred aspect, the _Therap utlc IS ubs antially
purified. Thaedhipd;of dansier la?léa B irgnster pfAselpcta %ala’fkﬁgﬁo %lfseT%ﬁaWShunan 5
The Ther%eutl c of the_invention can be admnistered to a patient for the

t

t r eat mentVof 285 Senddaced updgr selpcign inipolgtsr thete seilevibati have H@{ear“&’ Wi ER s

appropriate for the t%pe of cells being transplanted and the transpl ant
site. The celrress the ansfeigd g¢ent ed i ntravenously, provided that they will
be able to locate to the organ of

III. Pharmacology
The ES cells of the present invention can be used to derive cells for therapy to
15 treat an abnormal condition. The subject into which the insulin-producing cells
derived from embryonic stem cells are introduced, or from which the pluripotent
embryonic stem cells can be derived, is preferably an animal, including but not
limited to animals such as cows, pigs, horses, chickens, cats, dogs, etc., and is
preferably a mammal, and most preferably human. Preferably, the embryonic stem
20  cell is originally derived from the subject to which it is administered, i.e., the
transplant is autologous. For example, derivatives of human ES cells could be used as
a source for insulin-producing p-cell replacement cell therapy.
The invention provides methods of treatment by administration to a subject of a
pharmaceutical (therapeutic) composition comprising a therapeutically effective

25  amount of a cell, preferably an insulin-producing cell derived from embryonic stem
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interest. In a specific enbodinent, it may be desirable to adm nister the
Therapeutics 10 of the invention locally to the area in need of treatnent.
Thi s, maywbe2astiseved by, for exanple, and not by way of pPCIraiLezwsen, | ocal
i nfusion during surgery, topical application, e.g. transplanted directly

into the panggpasucht a tR ivisfned thiMBleapb@ld 0 isDiefertdd RE hblRaftlyasTRanNs of a
catheter, or by neans of an inplant, said i nplant being of a porous,

non- porous, Oth&gleakid N OHS THRLEL IR of &Kbchﬂ{)‘éhﬁlﬂl"”‘?fl@rﬁgﬁéferr%% R @bkal astic
15 menbranes, or fibers. The present invention provides pharmaceuti cal

conposi tions Th§’dﬁéht GOBRRBh{A1 GOAPIHe SEbiBotlid) ARy b Glha1Siddembdiv e
anount of a Therapelﬁtl c, and 1g'qﬁup.)lhar rraceutl cal ?)? a%dg%ptaﬁlnga carrier or

exci pi ent. rrier includes but is not |imted to saline, buffered
sal i ne, dext ?%Eeégbl ﬁtlﬁlh{ra' gl ycerol, ethanol, and conbi nati ons 20 thereof.
The carrier and i A i t | g suit the
node of agm ni st?ﬁ) i ogﬂaﬁéll'ﬁl@ m%ggY ﬁ@% CLI?Pecfgguﬁlaé&Hctgné §§hse§pg%{n€‘al n m nor
amount s of W%%ganggt Faeflt ‘W D9 AAERE P o iR M 1% P geRhiSeor T

COITpOSI tion can suspe st on, or

formilated | :;f' fgff o Rﬁi{‘%%ﬁﬁgiﬁ% ”ed Fatrberat s Rt Fbeget 681
S st ati SATPIAPIAdREieRblsRy BropiiRd rﬂ@?"ﬁ@%ﬁ?@e o et BB ersger wher o

necessary, the co ositiQ al so.include a qu i]izing gent and a 5
| ocal anest hé‘ft?rESt f spegtiicie gﬁ’B@&?@% lttni‘f‘yé’ﬁélémﬁa efo 3 ’cnﬁséeréli‘et CEPeYtE

admi ni st I‘atl on. | ary rret hods whi ch can be nmodified for, cell

r epl acengflt Pﬁ@?é’b‘ﬂ? %lecallYetP scrrerdR 8pgdl of dieptmenty Thisimay berachigvedty. Hrven by

Li ndvall et al., (Lindvall et al., 1989 and 1990). The anmount of the
t her apeuti c €%Ie| tichmobbyt ey ofimittion, Igsrlc infugion dgeng surgery, topical

application, e.g. transplanted directly into the pancreas at the site of implantation, by

injection, by means of a catheter, or by means of an implant, said implant being of a

porous, non-porous, or gelatinous material, including membranes, such as sialastic
15 membranes, or fibers.

The present invention provides pharmaceutical compositions. Such
compositions comprise-a therapeutically effective amount of a Therapeutic, and a
pharmaceutically acceptable carrier or excipient. Such a carrier includes but is not
limited to saline, buffered saline, dextrose, water, glycerol, ethanol, and combinations

20  thereof. The carrier and composition can be sterile. The formulation should suit the
mode of administration.

The composition, if desired, can also contain minor amounts of wetting or
emulsifying agents, or pH buffering agents. The composition can be a liquid solution,

suspension, or emulsion.
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10 effective in the treatnment of a particular disorder or condition wll
depend on the nature of the disorder or condition, and can be determ ned
by standawo oelopatseal techniques. In addition, in vitro aPECIPEOANAF69
optionally be enployed to help identify optinmal dosage ranges. The precise
dose to be enpl opes pidiertdacnitanng tthd fontpdsitionlis rmdRRANE aBbrddiee vant e of
adm ni stration, and the seriousness of the disease or disorder, 15 and

shoul d be deghgigd ?%&meﬂsngs t B@naicuﬂmeresm?ésiﬁdﬁe Al 11hi Qftedverdhd each
patient's circunstances. |V. Advantages of the invention As disclosed

herein, the ganigxucl bf 64&HAE hathinRatal LRERR) i%?aﬁ&édﬁe tishe! dtdRad 20
subset of cells which have many characteristics of (3-cell function,

: | udi : . . O . : L ’
wor | 25 Che” 2o drde AALLAR, 1BSHRhAUBRH INIANG ML RelaaaE. 8o

i Si i . j t f hES
necessar y5 pr %c%@t‘gét%g{u?ﬁ aI} e%gl%%a?&' tg %a%%%ﬁltﬁg% glré fl‘ug :3% © g&{ﬂn‘fs%cﬁll ¢ u; O m

cells as a source o acement abet es

Furt hernore, the 3%82@%5%@3‘“%@{6%@%5&5&%3if&gée}g_ljé'lg%?%sgﬁjr%}%%ggﬁ?of such

18 WD 02/ 092756 I'S éncour agi he
potential prospe for..successful use of.insulin- produci h
P bryon ¢ o SRS hrgin S REARTH A S Fudt vy Fliailer 7 ARG AR o

di scl ose for t(gﬁ?gf'Brst time transgenic pluripotent wundifferentiated hESc
clones, tran&§ c?'for a reporter driven by a cell-specific 5 pronoter.

Thi s approach is_useful for _exam nation and.nonitorjng of insulin producing
cell differentia %ﬁl.no"l"ﬁeo{ﬁhﬁstg‘?ff‘peiuﬂ?/éﬂlﬁlpwl%? fheeinyyiiop wh Wﬂ)‘?(?gent s
successf isQlatiaqn and enrichpent of insulin-producing_ cells derived form
hESC, ulsf@f upllpciive dgthe frPRimeE ot RerfigHar feqrdgsyor qopdifiop Wil depggr @b ihst ed by
persons skilled in the art that the present inventionis not 10 limted by

what has beef®¥sr of &5 dispiders poGpndifins, @ad cpn (b etramied . byrafendsrd chgicdlcope of

the invention is defined by the clains which foll ow o
techniques. In addition, in vitro assays may optionally be employed to help identify

optimal dosage ranges. The precise dose to be employed in the formulation will also
depend on the route of administration, and the seriousness of the disease or disorder,
15  and should be decided according to the judgment of the practitioner and each patient's

circumstances.

IV.  Advantages of the invention
As disclosed herein, the complex differentiation pattern of hES cells includes a
20  subset of cells which have many characteristics of B-cell function, including
proinsulin and/or insulin production and insulin release, as well as the expression of
other B-cell markers. This finding is a necessary prerequisite for strategies based on
cell enrichment from hES cells as a source of cell replacement in type 1 diabetes

mellitus. Furthermore, the number of EBs with a surprisingly high percentage of such
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EXAMPLES Exanple 1: Research design and nethods 15 a. Tissue culture
Large stocks of primary nouse enbryonic fibroblasts (MEFsS) were prepared as
descri bedwby2®eyes t son (Robertson et al., 1995), and st or @dTitho2/Gogasi d
nitrogen. After each thaw, cells were used for only 3-5 passages. The hES

HO cells wer eemisrgnaw@gngm%m Sl Iﬁcft&ftﬁﬂ%b%@lg f&tsab&sdiv Uik ePagdin on 20
in culture on a feeder Tayer of MEFs that have been mitotically inactivated

by y- irradi @ﬁddﬁﬁnﬁ‘hﬁrﬂa@énl@jorﬁ@ﬁerﬁlcé‘ltl.sefqr@ﬂr%ﬁhé‘&ﬂeﬂt weapged six-well plates.
Cells were grown 1n knockout DMVEM (G BCO B G and Isl and, NY)

suppl enent ed wi t ), 200685 e HRR! agae?entfor( {HeBRL BRLd ’trahsébﬂigmﬁﬁllﬁﬁédtal am no
acids (@ BCOBRL), 0.1 mV 2- ner capt oet hanol (GI BCO' BRL tam ne

Bi ol | . t basi
(Fbrobrace o st %@?%r‘&?ﬁ e Ak & %%h%atgﬂ/ Pl aoidh %&ﬁ@n s
PeproTechsln kyITEg ! ggro%&%w Qs'éféll Ecﬁse%ﬁ %o I3 nRS g%f iy hum di ty

and were ro tlne y pass very days a ter I saggregation with 0.1 %

col | agenase LYanGi NS’ ffkndion! PR AvoliE REL AL B S cel | S

5 Methods fo on o |at|on|n plied

ol Ler, 1005 epr AR 4 Hichyiint R GRREbPloiBing SARHEES Ly i, 0%

di saggr egat ed ture pensi on in  100mm bacterial grade petri

di shgg (%‘EI H%‘%&dfﬁﬁeh F@ﬂgag’r‘im I\‘?I’Pfx‘;lny) which results in induction of
synchronous diff iation, characteri itial formation.,of small 10
aégr egates, foll ﬁ ﬂﬁoggpqr?péatgiclamegﬁo{lq %‘leegfn E‘%@%ﬁﬂ’?&?ﬁ%%ﬁnw 1%‘?‘Pﬂirym d
bodi es S (I'tskovitz-Eldor et al., 2000 Al ternatively, hES cal oni es
ver e Ie1£ 553 L4 @égwhafrham ee qn@éﬁé@%@@%ﬂbedd@y@y a&b% therseppevibr e

repl ated on %el atinized six-well
e invention is defined by the claims Wthh follow.

EXAMPLES
Example 1: Research design and methods
15 a. Tissue culture
Large stocks of primary mouse embryonic fibroblasts (MEFs) were prepared as
described by Robertson (Robertson et al., 1995), and stored in liquid nitrogen. After
each thaw, cells were used for only 3-5 passages.
The hES H9 cells were maintained in the undifferentiated state by propagation
20 in culture on a feeder layer of MEFs that have been mitotically inactivated by -
irradiation with 35 Gy and plated on gelatin coated six-well plates. Cells were grown
in knockout DMEM (GIBCO/BRL, Grand Island, NY) supplemented with 20% serum
replacement (GIBCO/BRL), 1% nonessential amino acids (GIBCO/BRL), 0.1 mM 2-
mercaptoethanol (GIBCO/BRL), 1 mM glutamine (Biological Industries, Ashrat,

25 Israel), 4 ng/ml human recombinant basic fibroblast growth factor (hrbFGF,
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culture plates in the absence of a feeder |ayer. The cells spontaneously
differentiated to an array of cell phenotypes. The growth nedia that were
used i n dwbDfoewegatsé ati on 15 were as descri bed above. c. HpsTaLeyiosal

Anal ysis EBs were collected at indicated intervals, washed three tinmes with
i ce col d PBSPeprbTevhdng\Recky HEt, NJp Cm}%emwatembwﬂomfi%ﬂm 9 1 Mmevinidity adéhydr at ed
i n graduated al cohol (70-100% and enbedded in paraffin. For general

hi st onor phol egw hotisdcpdssagsd ety W8 deysifiat dieggrspitionvathelt D6 ebilagtmnesivi. d.

| munohi sto chem stry Deparaffinized 5 msections were incubated for 90

m nutes at r {Gibco/BRAPerature wth the primary anti body: polyclonal guinea
pig anti-swine insulin, 1:100 dilution (Dako), followed by incubation with

goat anti rapbi t nfiuetiénvt ditterbndRicitmadasels.ant i body. Detection was
acconpl i shed using streptavidin-peroxidase 20 WO 02/092756 PCT/|L02/00369

conj ugat esand AE(efifdlis RABhe aRlu@iochURSHRbRialibll fl ASIRIES WhrekipbliedidiAl Lab

Inc., CA). Counterstaining was carried out with hematoxylin. Non-inmune

serum was usaqtﬁesmauctﬂaﬁgmy@ifﬁ&ﬁﬁa&fah(R@daﬁsdﬁ% ARl 1955 e 3065) S@%ripar af f i n
sections were used as positive controls. 5 e. Norphonetric studies. To

estimate the,pg)kap! dﬁﬁlﬁ%?én‘%ﬁﬁﬁ A0S cOils W&t ifagpthidh 380 ARt ¥ @&sgeﬁ%i/on in

i mmunohi sochem stry hometri ¢ neasurenent’s were conduct as previously
d bed (& , os 208, dh t
colT o CNEFS, @ﬁ@?‘%%e‘?%ﬁt.%?%%%% {;FY?W kL RS, i etn o o
spont aneous| Yn fﬁﬁudpht\éh},oggmtcﬁron&g&iﬁ i @?%Zen%&ﬁ SEAB i o‘ﬁ%u pl ates.

Cells were was I Mes serum fFedrum contarnin
10  aggregates, followed by the acquisition of the configuration of embryoid bodies (EBs)

(Itskovitz-Eldor et al., 2000). Alternatively, hES colonies were left unpassaged until
confluence (about 10 days), and then were replated on gelatinized six-well tissue
culture plates in the absence of a feeder layer. The cells spontaneously differentiated
to an array of cell phenotypes. The growth media that were used in differentiation
15  were as described above.
c. Histological Analysis
EBs were collected at indicated intervals, washed three times with ice cold PBS,
fixed overnight in 10% neutral buffered formalin, dehydrated in graduated alcohol
(70-100%) and embedded in paraffin. For general histomorphology 5um sections
20  were stained with hematoxylin/eosin.
d. Immunohistochemistry
Deparaffinized 5 pm sections were incubated for 90 minutes at room
temperature with the primary antibody: polyclonal guinea pig anti-swine insulin,
1:100 dilution (Dako), followed by incubation with goat anti rabbit biotinylated

25 secondary antibody. Detection was accomplished using streptavidin-peroxidase
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gl ucose, and incubated in 3 mM serumfree nmediumfor two hours. For
suspended EBs, experinents were perfornmed in 50mm bacterial grade petri
di shes. Swetog/o56eventy 15 EBs per plate were exposed toP8TALO2®BEM free
medi um containing either 5.5 or 25 M glucose. Subsequently conditioned

medi a were Cobdj@gkeshdaEC (FDUB) bslaQUBGte WBls@staFR G Wit SZy kRl I ., CA).
M croparticle éﬁé;ayne I n’rru'r(massa);;a META (va(lgot tS aAXSYI\/(r) system | ns)ul in kit

code B2D010) Cﬂﬁﬁt&@taﬁﬁﬂoge%ssca%&%t Witk Héﬂlﬁoxﬂnt RoflBnmEROSHE Fat héé@taya to
proinsulin or C pepti Data are represernited as nean s.e.m RT- PCR

Total RNA Waﬁgéaﬁ% a1, fah@ M@ b 8 ﬁﬁtcfe ?afhﬁ%e&ﬁ)kg §/ereatﬁgd 54 IISHHthQ vitro
differentiated hES cell’s grow ng ert Bs or as high-density cul tures
at various gfages of differentiation. cDNA was synt hesi zed from 7g total
RNA using Ml oney nurine | eukema 25 virus (MMILV) reverse transcriptase
(Pr orrega) inIxt ffer containing 21 WO 02/092756

PCT/ | L02/ D03&Y 0&@?6&@%&?@5’% dT(12-18) (G BCO BRL) and 400 nol /1 dNTPs.
Aliquots of c wer.e ted . 1.5 faor IPFl/P X1, neurogenin. .3 n3),

oct aner - bi ndi ng graﬁgsnérrm}?ot |H‘on Telpl, RPTorERs fD ol - foiy (ﬁodflveég'Ng}’ 1:2 for
insulin and i sI et speci f.i.C ucoki nase ubse nt PCR reactions were
carried as faMPgyRE gg%HIFWf IF%EIWCPW?L egl)“?{’l&ngfere g‘:t a%p’fewc?bﬂ% (for
others), Ix PCR dkfpf‘r 400 ¢ dNTPs, 100 ng of each prinmer pair and 1
U Taq pol ynefssEbed(Gresn ot gl ) hot start for 5 min, anplification
continued with 28 cycles for (3-actin, 31 cycles for Qut-1, 40 cycles for
Gut-2, 38 c¥cles WSBPHSF@E‘&H%%e 36 cycles for insulin, 37 cycles for
Oct4, 35 cycles _for |PF1/PDX1 and Ngn3. Denaturation steps were at 94C for
1 min, § anneal9th gdhagenit cally: MBI, syndiffprergipted sBES seellgn ge (‘;Vhl?hséﬁﬁécti vel y,
for 1 mn and extension at 72C for 1 mn, and a final polynerization for
10 min. The dHfsrentipied SpeRSERsEYsy ko fgp erethen 20rdays Soragwrase QErs. Each

PCR reaction was performed in duplicate and
plates. Cells were washed three times with serum free medium containing 25mM

glucose, and incubated in 3 ml serum free medium for two hours. For suspended EBs,
experiments were performed in 50mm bacterial grade petri dishes. Sixty to seventy
15  EBs per plate were exposed to 3 ml serum free medium containing either 5.5 or 25
mM glucose. Subsequently conditioned media were collected and insulin levels were
measured using a Microparticle Enzyme Immunoassay MEIA (Abbott AXSYM®
system Insulin kit code B2D010) which detects human insulin, with no
crossreactivaty to proinsulin or C-peptide. Data are represented as rﬁean +s.eam.
20 g RT-PCR
Total RNA was isolated from undifferentiated hES cells, and from in vitro
differentiated hES cells growing either as EBs or as high-density cultures at various
stages of differentiation.
cDNA was synthesized from 7 pg total RNA using Moloney murine leukemia

25  virus (M-MuLV) reverse transcriptase (Promega) in 1x transcription buffer containing
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under linear conditions. The forward and reverse prinmer sequences used for
determ nation of human insulin, |PF1/PDX1l, Ngn3 and (3-actin were as

foll ows: WDgN09S6 5' - GCC TTT GIG AAC CAA CAC CTG 3', 5 GPTT@®OR/@IMA GIT CTC
CAG CIG 3" (261 bp fragnment); |IPF1: 5 -CCC ATG GAT GAA GIC TAC C 3',

5' -GIC  CTC GBGufdifi kb (ﬁfa% Qéx%@b/ﬁmrgmamémm. RliqlolCofENAGT AGA
AAG GAT GAC TC—3,5-(%CGTGAA GG GAT TAT GGG GIG GITG 3" (948 bp

can GTC Cao SR Sl Py TRIPELPPXE RO QBT Rl s iy A
sequences usgd o5t BRI k9! of 4Lt el 1y 808k At e oo

t
previ ously described {Selno et oranyr e ; van Eijk et

al ., 1999), lifi ragment s bei ng .310, ..398,. 38 n ps,
respecti vel y(égg %@P 6B Vo5 GE eSS fﬁllo‘ﬁaztgét&fggﬁﬁgéﬁ?& are
expressed_as _nean_s.e.m_ and conparisons conducted using the unpaired

St udent ' st - DN&83, OcthEsranyd| cONA (forafheren 1 pPER et 4Q%Hm§1/1dﬂﬂP\ﬁe¥90f%r%

spont aneous differentiation of H9 line of human ES cells According to one
currently prétdy pagermaisdintehnt U Tie ppbmetase Afterudnida| ha siet dor dsadn, These
cells grow as honpbgeneous and undifferentiated col oni es when they are
propagat ed ommalifietide cohtayed with 28/Efdes fdcfi-actth, BY byclesdpo@Guahetiugclenfori tro 10
differentiation of H9 cells was investigated follow ng renoval of cells
from the MEFGliitegdeicytlayRi glussiinge,!36@ycled foe i blin, 3P dedlesSHs DedB3s5 &rldss gr own
under adherent <conditions in tissue culture plates, in the absence of MEFs

di spl ayed a @breIPPt/PDIXI1Cand B EDEnWratidn MHFE KekéSat PATM AR 106in 8nd dviediiagi Ng
neuronal -1i ke, nuscle-like, or glandular-like structures (data not shown).

I'n contragt, ai 58,b! 5@ @idaf 85,00tanal6bQ) rdsPectively UHP € Rtih CdhdCdttdnbib£ at 728Ul ted in
a nore consistent pattern with the formation of discrete
for 1 min, and a final polymerization for 10 min. The amplified products were
separated on 1.5% agarose gels. Each PCR reaction was performed in duplicate and
under linear conditions. The forward and reverse primer sequences used for
determination of human insulin, IPF1/PDX1, Ngn3 and B-actin were as follows: hlns:
15 5°-GCC TTT GTG AAC CAA CAC CTG-3’, 5> GTT GCA GTA GTIT CTC CAG
CTG-3’ (261 bp fragment); IPF1: 5’-CCC ATG GAT GAA GTC TAC C-3’, 5°-GTC
CTC CTC CTIT TTT CCA C (262 bp fragment); Ngn3: 5’ CTC GAG GGT AGA
AAG GAT GAC GCC TC-3’, 5’-ACG CGT GAA TGG GAT TAT GGG GTG GTG-
3’ (948 bp fragment); B-Actin: 5’-CAT CGT GGG CCG CTC TAG GCA C-3°, 5’-
20 CCG GCC AGC CAA GTC CAG GAC GG-3’ (508 bp fragment), respectively. The
primer sequences used for determination of Glut-1, Glut-2, GK and Oct4 were as

previously described (Seino et‘al., 1993; Koranyi et al., 1992; van Eijk et al., 1999),

the amplified fragments being 310, 398, 380 and 320 bps, respectively.
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EBs. One day after transfer to bacterial-grade petri dishes, cells failed
to adhere and fornmed snmall aggregates. Follow ng three days under these
conditi orwp 0BEB%R27&cqui red a sinple structure with primtipeTgncodasonal

| ayers surrounding inner cells (FIG |A B), and then continued to grow in
size and dev@l opegiagisi@r € cystic structure (400 20 700m) . These are simlar
to the norphol ogi es reported for nouse EBs (Abe, 1996). Subsequent studies
were carried OUtRbb?thQre'eH?Pé&@ﬁ'hssﬁl%@mﬁt 5 dohtfisdn® cSlRiuBkAidfy the he spati al
and tenporal pattern and to obtain an esfimate of the relative density of
cells in sus m’e b UL EBs with insulin producing capability.

Hemat oxyl i n gnd ggg{agﬁts#gﬁ'i ng of paraffin enbedded sections was used to
provi de the overall 25 histological norphology of EBs. Organization of EBs
started as early as day three 23 WD 02/092756 PCT/1L02/ 00369 follow ng

rerovar e oM b0 Lol Lot 3BT Bn G Gius Wik EES VO
epi t heli al Oly elp%ootf elialdi he cells lining hollow structures or cysts
(FIG 10. F 4 evel opnent, EBs were collected every three
days until day 19.. | nohi stochem stry, .usSi .- i n.anti body,
reveal ed cells egﬁ?oé@gg %‘}{leicﬁlérfﬁt]i}'r?reggreé d’é&enggllfrafi%etw @g Cn]115 were
differentiation, wth progressive increase in nunber through o day 19

(FI G 2A F). U Bhesh Celi i Rgmoemeaisaan dngibiratiard Frdpmies Wi thevetie

t hroughout the EBs or organi zeﬂ into small clusters (FIG 2A-F). Anong EBs
whi ch st ai neBropagated w8y ¢ fesdes Jasr of F\@?BES? cordipgly, SPORiAnequs3 a4 gfifreel | s -
were 10 sitjyvely staining at maxi numdensity. The remai ni ng 30-40% of EBs
ver e negali vaifferesiiationefi Hhcelks ayas inygsticeted dollnsring wmopalof celds frone thedER
insulin-containing cells, which are interspersed anong the m xed

popul ati on ofeedpiofyshewiing yweli differerinmodeli piytemsh &rellpt eraws, undpis gilicsent

el aborated into the nediumwas neasured by enzyne i munoassay in 15

undi f f er ent i sendatiqpEdn tighE Sl Hlates; am theaabsench @S NEFEdsplayed . NEPtreRi¢ | s.

G ow h

pattern with numerous morphologies, including neuronal-like, muscle-like, or
glandular-like structures (data not shown). In contrast, in vitro differentiation in
15  suspension culture, resulted in a more consistent pattern with the formation of discrete
EBs. One day after transfer to bacterial-grade petri dishes, cells failed to adhere and
formed small aggregates. Following three days under these conditions, EBs acquired a
simple structure with primitive endodermal layers surrounding inner cells (FIG. 1A-
B), and then continued to grow in size and developed a more cystic structure (400-
20  700um). These are similar to the morphologies reported for mouse EBs (Abe, 1996).
Subsequent studies were carried out using immunohistochemistry (IHC) to determine
the spatial and temporal pattern and to obtain an estimate of the relative density of
cells in suspension cultured EBs with insulin producing capability. Hematoxylin and
eosin staining of paraffin embedded sections was used to provide the overall

25  histological morphology of EBs. Organization of EBs started as early as day three
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medi um cont ai ned serum repl acenment and 25nmM gl ucose, which is essential for
hES viability. Insulin secretion was neasured under both culture

condi ti orwomk/osatberent cells (FIG 3A), and from EBs (Fl GCT3B)2/00B69
adherent cells, insignificant inmunoreactive insulin could be detected in

serumfree rrﬁqloamkgafemalei%rﬁ R s2adungithl & QiBpdndibe duliES Wath Geogeestivel , n=6),

and none froma feeder |ayer without overlying hES (data not shown).

However, in agjsum ki@ensitidicanhdr M8t 8smmbt %&u&are@%carﬁel SRR, Qlich as

dlfferentlatlon insulin concentrations were as fol lows: 126.217.7 (n= 12)

and 315. 947 Mlal(di"éﬁ&othéh@ﬁ]ﬁl&%llé’@ﬂl e hdTloR sn%@a.lreslof‘%%lts'(ﬁ &¢aggentrations in
dhES cell were significantly higher %han in uhES cells (P<0:0001). In dhES

cells, Insulin 2hoSaahielkinBpakids n;%lays Syl BlikLRERL Atd BN WRlISy

significantly hig er than  a ter IL02

(P=0.00043. & W&xﬁéﬁ&fusﬁ%ﬁﬁﬁggﬁf‘“yl@aﬁﬁt@sﬁﬁk Bﬁtg%ld% RERLERSR essin,

significantly hig Bs per each xper%ment) as

conpared to %FI? ag Foarty QG rteeklnd % %‘f:“rdéttf% %i%l?géswglﬁpr(%%é&v 11[10%,§a | veness

to different glucoSe concen Bsecont & nifn ure es were
acutely exposed t.0 elth These
acute changels1 P\ nﬂe%’ gfi'i%gg% gAﬁl%{TMngl%l rgsrsig}lg °§Ilsgﬁ’|e¥e\,\?églﬁfelg}efferences
in elaboratedlns oncentrations between t t ( 16 Umnm,
o6 ve. 1a6. R i aRE B8 TG e S ppall gl %8523#31 Argne
Expression of 3-cell rel ated S cells The f exanpl e
pronpt ed us E@Sé’ﬁ’éﬁh Ffamne Bosé@(‘%fyeg’é I’Eﬁ"}ll’&H%QﬁVé}’ opfverags ! 3%Pg @g"@eé?]es usi ng
RT- PCR ansl ysis. of total RNA extracted fromundifferentiated and

di ffer ent? at BOFifely Haiping at maxigggensity. Ehegempining 207 obRRMWGig Segitivect ed i n
differentiated cells but not undifferentiated hES. In parallel, islet

gl ucoki nase f@(ﬂS“EBS‘F}n@g 4A) and Qut-2 (FIG 4B) genes were al so

identified foll ow n% but not prior to differentiation. Simlar results
wer e obtai ned usimefdes toheharapiRszethess gpuleqostaingng cells, which are interspersed

among the mixed population of spontaneously differentiating adherent hES, insulin
elaborated into the medium was measured by enzyme immunoassay in
15  undifferentiated hES (uhES), differentiated hES (dhES), and MEF cells. Growth
medium contained serum replacement and 25mM glucose, which is essential for hES
viability. Insulin secretion was measured under both culture conditions of adherent
cells (FIG. .3A), and from EBs (FIG. 3B). In adherent cells, insignificant
immunoreactive insulin could be detected in serum-free media harvested from
20  undifferentiated hES (5.6+0.6 uU/ml, n=6), and none from a feeder layer without
overlying hES (data not shown). However, in serum-free media harvested after 22 and
31 days of differentiation, insulin concentrations were as follows: 126.2+17.7 (n=12)
and 315.9+47 pU/ml (n=7), respectively (FIG. 3A). Insulin concentrations in dhES
cell were significantly higher than in uhES cells (P<0.0001). In dhES cells, Insulin

25  secretion after 31 days of differentiation were significantly higher than after 22 days
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adherent culture conditions. On the other hand, the Qut-1 isotype, a
constitutive glucose transporter, was wdely expressed in all fornms of
hES, as wwDlozag27s¢y human fibroblasts (FIG 4B). Expressi @eaTaf.ox (e
transcription factors: Oct4, Ngn3 and I PFl, 20 was exam ned (FIG 4C). As

expect ed, NRWA-(00D4E SihaHRbs efwh, ma:mamejﬁsm b18%e vwils i, fgnmbﬁnimgﬁeat e (Yeom
et al., 1996; Niwa et al., 2000), was detected in undifferentiated hES,

but decreasegropf Qgrzqs%»/@hax @wm NEBR{ hher ShdES egéeitient) UsC BoRRES to AhES
differentiation (FIG W al so dénonstrated that differentiating hES
cells expre (hﬁﬁleDX1 and Ngn3 transcription factors (FIG 4C), that

t oget her have been "~ 25 WD 02/092756 PCT/1L02/ 00369 shown to regul ate

B 1600; Soni 1oacpP S B Ahlaha Ak ﬁ?%t%?g“%%ggz%‘?%?éﬁ%hséf «
Sorved a5’ ;RE{%‘%& Bhiafing QbR RER WRRXHAP bolodd oo B, it 8 B 380
bet ween %ﬂl%g © g}(mlh%}lré Tﬂlégg %Lﬁt@ Rix ggéjfl ngdlﬁﬁx %lﬁcoqg 4} %ﬁ%é{{cﬁ @g? ES cells

over - expr ESS uman onerase rever ranscri ase nce

I h S |1 f | | ,
Phey "10 or CRBFEY A %rg%ﬁeeéfiafé%%a%é i S ?gé%ﬁ%%%ﬁ@”ﬁgé%% HPes

appl i cations, g | ant ati on. j.or. objective of
this inventi & lnggfciJi ﬁ/rﬂlb g?ii*@diﬁﬂ@?é’n 1%?338?1"355 E&é@cel s so that a
desired popul ation of precursors or fully differentiated cells can be
obt ai ned. W& have already provi ded evidence that a surprisingly high nunber
of insulin 15 produ0|ng (3 ceIIs appear durlng the differentiation of hES
in cultude, [Exdm PUESSl ell rélatied genes dn jeHpd (see Exanple 2).
This observation is a prereqU|S|te for experlnental strategi es based upon
the enrichnment ofThsfeedodipasusbl papged @ &Emiel the eireftioawloter B-cEr

ti ssue engi neering and cell replacenent therapy in the treatnent of

di abet es nel kd14thk$ genes using RT-PCR analysis of total RNA extracted from undifferentiated

and differentiated hES cells. As shown in FIG. 4, insulin mRNA was detected in
differentiated cells but not undifferentiated hES. In parallel, islet glucokinase (GK;
15  FIG. 4A) and Glut-2 (FIG. 4B) genes were also identified following but not prior to
differentiation. Similar results were obtained using either EBs or high-density
adherent culture conditions. On the other hand, the Glut-1 ‘isotype, a constitutive
glucose transporter, was widely expressed in all forms of hES, as well as in human
fibroblasts (FIG. 4B). Expression of three transcription factors: Oct4, Ngn3 and IPF1,
20  was examined (FIG. 4C). As expected, mRNA expression of Oct4, a marker of the
pluripotent state (Yeom et al, 1996; Niwa et al, 2000), was detected in
undifferentiated hES, but decreased progressively during the subsequent three weeks
of differentiation (FIG. 4C). We also demonstrated that differentiating hES cells

express IPF1/PDX1 and Ngn3 transcription factors (FIG. 4C), that together have been
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However, it is conceivable that enrichnment and propagation of |arge nunber
of 20 such differentiated cells will suffer the di sadvantage of | ow
proliferawvponogapacity and |limted |life span. To over conmPCrhie/dosési t ati on,
agents which may confer growh advantage (e.g. telonerase) nay be
utilized. Tekks¥i a§ Gebilath pantiebticdandBndBRingS@ll HFferdibidnai(Pdlived 0o%s:e | ength
and integrity and thereby extend the proliferation capacity of the cells.

I n those i nstapaReR: Hae! @%QS&Witﬁ%—&Eﬁe{ta@Q@O@ﬁ&ér@k,Qf)Od).TERT does not
adversely 26 02/ 092756 PCT/1L02/ 00369 1influence the differentiation

pattern, it is PERSbRIEsclR ANEAAL 1 Suuditdh hy uffl SERSGAE bAIRG dRAIERda |1 neage
of telonerase positive cells. Experinental protocol: 5 a. Ectopic

expressi on of hT i ndi f f.er i . - ssi ng
hES cell s ar ge‘% “%g;v%gc?gta }(g di %]ecr0 gﬁ lifg]{ %ﬁﬁﬂggrl&gte %Agsug%tprgg E%%g%?{sibgﬁggeghosen
for sel ecrji on, asnd enrichnment for production of insulin producing cells
(conmbi nation O "factors such as insulin+transferrin+sodi um sel enite (rTs),
gl ucose, nicotinam de, keratinocyte growh factor (KG-), fibroblast growh
factor (FGF), vascular 10 endothelial growh factor (VEGF), epidernmal
growt h factor, (EG ve growth factaqr NG- activin, O-cellulin, in
the culture R 2 SR EEYRC IR FOREES OVET CRRLCSHUNG 1WA nent
of the invention it is now possible to significantly enhance the yield of

i nsul i n prod&EHEasereVETSedT HNSCHIE B ERIati on of factors known as I TS,
nanely insulin, transferrin and selenite., One 15 preferred salt is sodium
sel eni te but ot hemes glurigoterihEy; aslihge sanable of diffasntigtingsintoamany; el Hwgs, theye use
the strategy of genetic nodification of human ES cells using a cell

speci fi c 10pr enBheddereasives pasrbegisedk for sesgargly gnd medics) applicetonshimclyding celiulan of
honogeneous insulin producing cells, by utilizing an appropriate (e.g.

bi ci st roni c) trergplaséationnA vesierobjaches of thisrineantien isrfo anadaltrathe differanéiptien of

ri bosonme entry site (IRES). This vector is constructed so 20 that hTERT
codi ng sequehE8 cels oy thaba dosirePDrpulaticn efgirtcussoescor fully ddfesentiptodwelbsy canriwgt

obtained.
We have already provided evidence that a surprisingly high number of insulin
15  producing p-cells appear during the differentiation of hES in culture, under the conditions
that we have utilized (see Example 2). This observation is a prerequisite for experimental
strategies based upon the enrichment of spontaneously appearing B-cells or precursors for
tissue engineering and cell replacement therapy in the treatment of diabetes mellitus.
However, it is conceivable that enrichment and propagation of large number of
20  such differentiated cells will suffer the disadvantage of low proliferation capacity and |
limited life span. To overcome this limitation, agents which may confer growth
advantage (e.g. telomerase) may be utilized. Telomerase in particular may be used to
maintain telomere length and integrity and thereby extend the proliferation capacity of

the cells. In those instances where ectopic over-expression of hTERT does not adversely
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becones active in R-cells progenitors at the very early stages of a-cells
differentiation pathway. Alternative pronoters may substitute PDX-1. The
hTERT coowog2/eaysen is constructed to reside in a singl ePcagbetaasomi t h an
| RES and hygromycin or other antibiotic resistance selection marker. In

addi tion t hi snfiRedethe iffetenfiftion paRan)ifis Podsle BighfdTatd d fidRidiflé Bitiatel dsgtedCt i ON
mar ker under the control of a constitutive pronoter, including for 27 WO

02/ 092756 PClinkdg0 3t MbihasePsanR! &uUEGK pronmoter or anot her manmalian
pronoter. The construct is transfected into undifferentiated hES cells and

neonycin resistant clones are selected. In the subsequent step, these
clones are allowed to differentiate and hygronycin resistant clones are

sel ected. Vi Bliln¥ntaftblotéddf transfected cells, which express the selection
mar ker, are press telonerase and nost likely differentiate
into the knsylin i . " : ] ility to activate

t he PDX-lgce%l sgg%pﬂ%%bﬁggﬂ%§£#1%$ ?ﬁgﬁ$@?§&“2§?ﬂ§ﬂ§?gges of this

differentiation Wer-é)&éeggiggyggce?l% ¥& %ﬁo‘&&g f(;[ 8%%1‘e?en%£tfeelﬁ1td?1‘){ e lalfd

gl ucose on the PDX- rono he hi'g ucose concentration in the
oo o T o R e SR A0 RS oDl

ol ones. The T SCERPRcriofele™srE ek FER rEer ety S ABSEr HFas® anal or
ot e et SHEURER R BoPBRS oy AL i BT WO Noetdt o
5ol ohEh o Rk TGP SR Hoible BT b s~

hygronycin selection for _expression-of exogenous hTERT or ot her

prol i f erati ofNEEk et P-sellpln, s fig qyltye s1vdiimlg gene using northern bl ot
anal ysis or RT-PCR, for Telonerase 20 activity using TRAP assay and for
tel omere | engt h O&¢aging te-onesaEspnily pesipgefpaed prbodiment of the invention it is now

possible to significantly enhance the yield of insulin producing cells using the
combination of factors known as ITS, namely insulin, transferrin and selenite. One

15  preferred salt is sodium selenite but other salts containing selenium may also be utilized.
We use the strategy of genetic modification of human ES cells using a cell specific
promoter-neo’ transgene in a way that permits the generation of homogeneous insulin
producing cells, by utilizing an appropriaté (e.g. bicistronic) expression vector that
contains an attenuated internal ribosome entry site (IRES). This vector is constructed so

20  that hTERT coding sequence is driven by PDX-1, a cell specific gene promoter that
becomes active in B-cells progenitors at the very early stages of B-cells differentiation
pathway. Alternative promoters may substitute PDX-1. The hTERT coding region is
constructed to reside in a single cassette with an IRES and hygromycin or other antibiotic
resistance selection marker. In addition this vector carries a neomycin (or other

25  antibiotic) selection marker under the control of a constitutive promoter, including for
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nmonitored at nultiple time intervals followng differentiation. As control
normal hES that went through the sane process are used. 3. Exam nation of
t he expreweioensofil e of factors involved in R-cells diffrerantz@sison and
mat urati on using quantitative RT-PCR The expression of the follow ng genes

25 are noni t ex&flle PGRU biohotdPlIK-ahoth&kmBmbaliAWPrdmdter Thé cotstrid® s RansBe®i2,
Ngn3, 28 WD 02/092756 PCT/1L02/ 00369 Islet-1, Pax-4, H xb-9, GK, Nestin,

Prohor none  comy aidaffRerdiipiel HEPREIsZand ALMERHUP BSsistdaf [Motes HRE shBltE R f

i
expression is conpared with control cells. A mcrochip for expression
profiling is sﬁ'&s@(glehps_t%@ﬁiekd §18e8 afeBowed ﬁ%ﬁfetbﬁﬁa}f&ﬁa‘?ﬁ%g%réng’lycigxzﬁmlg%%lblgg50f

specific enzyne profil'é using enzymati c assays

Qual ity cont réﬂel sgi%fcteh.nﬁm;uiaﬁ'y, Qlﬁggéf"gr%) gecﬁeﬁlcleﬁs Qﬁfiéhv re%m@tggl\éaiofnrrﬁgﬁ(é}gﬁecel I's

will be carried out using 't OW Ng paraneters: trastructura

characterkz atei( tedSb %Qgregl t%hfe%?e Q?Fl)(f f)n?&clﬁigﬁﬂn%pg_%o il i %ﬁb@%ﬂgr&@%;pe

processi ng, el'ectrophySiologic I'e, IcC pro

(3-cells deV%gﬁ) HH@&@E %at 45 e éﬁlghrf'\%zalcggatg fh%fljﬂ)g—l !cg l%@%& r?: @?1?1?@/’[61{\; gtrt\lgheggf?rga'g

normal cells using~mcroarra mrunohi's
bl ot analysi%mység Ssp&&&%ﬁg q&giboqﬁes for P-cells specific markers. 8.
Lack of tunorigeni Brobe TESAUPRPEREM ned according to any of the
criteria as are _kn inthe art, i C%ﬁqﬁ t he abi | i to generate tunors
in nude nice, th® %fg%,\rllr}f)tpf/evelli}gh? Jé)xgreg%c Qg gluease pn dhe 'lf%g‘ﬂﬁtﬂ ‘g’r‘?)t,o and
presence of ormal cell karyot . C. .Stabl.e transfection qQf hTERT into
fully differ gtfﬁ igh @hess F‘I’ncFli‘tﬁ'éa’@éﬂg‘B SR T WFPEﬁFnéﬁ‘? lsa%wﬁa}i 5L zat i on
of a full d%%ﬁe[en iated cell lineage, .e.dg. .. insulin producing n-cells,
hTERT ger\§ c SFYSPEs bHt Bpkc Imiied Ve mﬁ9tl%%%g#ﬁhpsepﬁ%eﬁ?fyéwyst§% hAngs ofhers
R-actin gene pronoter or P& gene pronpter, are stably transfected with a
20 sel ect i on 2REPRdants apaddediodBneulupramedisndvant age of 1 ow proliferation
capacity and limted
b. Criteria for selection of clones
The resultant clones are examined for advantageous properties and/or lack of
deleterious properties, as follows:
15 1. Examination at the undifferentiated state for expression of the Neo' gene using RT-
PCR to avoid proceeding with the selection procedure with false positive clones.
2.  Examination of the resultant clones following differentiation and hygromycin
selection for expression of exogenous hTERT or other proliferation (extended life-
span) promoting gene using northern blot analysis or RT-PCR, for Telomerase
20 activity using TRAP assay and for telomere length using TRF assay. The above are
monitored at multiple time intervals following differentiation. As control, normal
hES that went through the same process are used.
3.  Examination of the expression profile of factors involved in B-cells differentiation

and maturation using quantitative RT-PCR. The expression of the following genes

25 ~ are monitored: Insulin, PDX-1, Nkx6.1, Nkx2.2, Glut-2, Pax-6, BETA2, Ngn3,
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life span. This strategy is to pronote proliferation of insulin producing
(3-cells that mght replace the necessity of donors for islet

t ranspl arwetozom7sdhe final clonal population is exam nedPCenLe@/do3¢ohe
criteria mentioned above. In parallel, this clonal population is exam ned

for telomerase apletVi tPax-4t SlRPB! G eM@dh, Poh&ADhOclertdsd qpEpan aaath,| ack
of 25 tunorigenic properties as outlined above. 29 WD 02/ 092756

PCT/1L02/ 00369 gucdgbhQRIADE AME LN JFfexpPrbbeidh @%‘nﬁﬁmgr\ﬂiﬂt &n&Bhams! B9 gene
in undifferentiated hES cells in a conbination with Cre-reconbi nase gene

For establi shi ngma bRy BARsLRL ipﬂﬁ’iliﬁ% id WS iR RAME LRGN Ce hlcded. OF  Cel |
therapy, eventually it I's necesSary to overcome the problens of limted
life span and prelj.f: i %gﬁﬁ f } r-enti-at ed
n-cells. As ésc?%(égﬁelggtgoglé)\?g?ectﬁig 0 eréc rﬁggtuﬁ?‘g% [ maItlgﬁl?S(%#yftongrtr%nggg@
activity y <be i1l i-ntain tel [e. I A2 nd
her oby” ext ona. t peblsh &l 8¢ FRUR! Holchds S Ec8 B9 Wn 8 Hopd BLE i @™,
growt h- enhanci n ene can be inserted into the hES cell.s sjcm'lar to the
Strategy descri bod e ayeig fe (pTring pratisr Hirmipayl dipragletasicp piite
enhanci ng gene sych as Sv40 | ar. el.T- anti.glien ‘{]MO under. t he conlhr al, of PDX-1
promoter is const TP eBIGraroapes Hia Lselen. sl progersipgeelecophysiolg® sy ci n
sel ection marker iﬁ a b% ilstro i c vector that carries also neomnycin:
resistant gene PRGE TERROIEHPNS) of a constitutive promoter of the
(3-actin gene or the P ene. ~Progenitor cell populations are allowed to
expand for séverngB?rﬁgf‘ée%éff PRl egene PRI Prafteide ithh efPneserstitsal
differentiation into mature n-cells. These mature cells are 15 exam ned
usi ng t hdVcri t er Pgmabestls ppBYMiGBEAIEYWRIIPR an enphasis on criterion nunber 8,
namely the [ack of tunorigenjcity. For the purpose of cell transplantation
DNA sequenced- wi fpmunphisiesherpisioyg pr westerg Blpbangly sisiwsing isepsificcntibodigsdor epddised
fromthe cells prior to transplantation. hTERT gene is not an oncogene,
but its reactivatieeficaesskers i n 85- 95% of the cancers. In addition nost 20

of the growth enhancing genes have the capacity to confer nalignant
characteri st 8¢ ofaakipd tumorigenic properties are examined according to any of the criteria as are

known in the art, including the ability to generate tumors in nude mice, the ability
15 to grow on soft agar (focus formation), and presence of a normal cell karyotype.
¢.  Stable transfection of hTERT into fully differentiated cell lineage
Following enrichment and characterization of a fully differentiated cell lineage, e.g.
insulin producing B-cells, hTERT gene coding sequence driven by a powerful promoter
such as the B-actin gene promoter or PGK gene promoter, are stably transfected with a
20  selection marker, to overcome the disadvantage of low proliferation capacity and limited
life span. This strategy is to promote proliferation of insulin producing B-cells that might
replace the necessity of donors for islet transplantation. The final clonal population is
examined for all the criteria mentioned above. In parallel, this clonal population is
examined for telomerase activity, telomere length, extension of life span and lack of

25  tumorigenic properties as outlined above.
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cells. For this purpose we utilize the Cre reconbi nase-|loxP (Cre-I| oxP)
systemto confine the inactivation and elimnation of the target sequences
in a cel Iwepen)s75€ manner. Cre- reconbi nase functions as &CINLe/®pci fic
reconbi nase, splicing DNA sequences bet V\een 25 specific 34-bp sequences

known as |oxg sit %Bigkgpl-%hgﬁ'ﬁfﬁ’fﬁﬁ? éﬁn}i/o Mr‘tﬁ enfldin a%‘g&%?x?_ 30 WO

02/ 092756 PCT/ I LO e expresse pancre cells, allows
using the (SyifideledtBESh e i tth napfngﬁpﬁ %h érg frug%blﬁfs% nase

expression to I nactiv enes in ed (3-cells.
The protocol use n C r I n cing
gene codi ng seq%eﬁ%%%é%%lhé% f’lﬁé }égﬁ E?()Wlﬁst& ﬁ{mgl rgllgﬁ?rr%eﬁ %{A
specific pronpt er

5 descr te.with an
TRES and hyor Sty T BiseR g PEPRE e eBvE ol B Beh AT 0di ng
sequence nserte of, t gene emai ns
unexpr ess d |?‘|patcﬁ)é B 8’ %P% @idfe\é\llp 5ﬁc?%]és %@bﬁé%ﬁﬁ tﬁ?
activated. The .hTERT- | RES- se ces.are flan onP f | oxed)
to al Low exc leiltaﬂ%fel%l?ﬁree?%ﬁt}% F%PP%SE@ neaeﬁ?l&@?la?feﬁ?ng?? @B nase
in the cells on actjvatio i nsuli.n r and thereby the Cre
r econbi nase G’é‘iéh‘ir ¥ Y heaPio Ee&m(’ﬁ @RIy, gt{ ﬁﬁesc SqitiFRadvels & gadh-out
al l owing the lacZ codi ng sequence to be ressed under the control of the
PDX- 1 pr onot RhanIRg 2eney7ep b insartesk infor{ae h%%zelﬁémlar tepe ey tlesamibedaiovessi on
of the Cre reconbinase, therefore a tinme course study is essential to
det er ni ne t hén Speh Hhe codingeregien of BegioWBrenhencing gene sedingsi TVAQ lergethantiesnse 15
the target gene in (3-cells that results in expression of the lacZ gene.
Measur emdft ~ gndardhercoatiohaf® DAc ipvamaferiig canairyditasdn o ginglesiassgttawith e FRitfernidc
substrate, which is hydrolyzed and retained intracellularly. The advantage
of this syst dugomyeinselecticacarken inasbitistranicagector ity carries alge neonysinpgsistpitt at e
reconbi nati on efficiency and as a selectable narker for the

f 1 uor escencegant indat the conireliafg @hstietitesprivastedodthe Preetin gémcd th@ BGExgenessi on
| evel .

Progenitor cell populations are allowed to expand for several orders of magnitude
following induction of terminal differentiation into mature B-cells. These mature cells are

15  examined using the criteria described above with an emphasis on criterion number 8,
namely the lack of tumorigenicity.

For the purpose of cell transplantation DNA sequences with the potential to
develop tumorigenicity are removed from the cells prior to transplantation. hTERT gene
is not an oncogene, but its reactivation occurs in 85-95% of the cancers. In addition most

20  of the growth enhancing genes have the capacity to confer malignant characteristic of the
cells.

For this purpose we utilize the Cre recombinase-loxP (Cre-loxP) system to confine
the inactivation and elimination of the target sequences in a cell specific manner. Cre-
recombinase functions as a site specific recombinase, splicing DNA sequenees between

25  specific 34-bp sequences known as loxP sites. The unique property of the insulin gene to
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Anot her variant of this approach, utilizes the Cre-reconbinase driven by
the insulin pronoter in cells in which the thym di ne ki nase gene has been
stably trapgbeex7edd in between | oxP sites. Cell toxicity PSTIIheuwesd by
addition of ganciclovir, and only those <cells in which the TICis

speci fical | y bt kgprede®thly (CfintresReEF-tdlisCal R WIS Ehe(-éetlls BiEkcPicansulih promoter
reconbi nase) survive th% d%%CIC|OVIr treat nent. gr WC9%5/092756

PCT/ 1 L02/ 0036& drb ratombina& m;ﬁ&i @tlﬁééubafe hdeelidfiddtd gohed M ﬁnlrsemamehqt defls.Whi ch
this invention pertains tha of the foregoing protocols nay be

general i zed ffe gfo‘i‘&'bl &85 btasip %ﬁhsfféc@edﬁmmhﬂﬁﬂi@ls&(& gr&WhleRiFhcing gelg ddamge
responsi veness 5 For gl ucose responS|veness our protocols utili ze

pre-incubati g@eﬁ&s rfﬁlg%@th\é‘ dRrolV 8F Bicafs Ag{dgeﬂ&,? & p@@agé 3&&9&& PR R

wi t hout the ition of antioxrdants. nmeasu ppropriate

| ncubat i 08 glgucage gl%@gflﬂtar 5&5%19’8%&%%{}?@?‘?{{%' %&?ﬁ&h&ﬂ r ofi¥Gnti nﬁfond' ng

by EMSA is nonitore tance set 0 ut 60%

f the EB | i h
O be boor CRBRAIR BB by i W& aehﬁg%%"%eﬁq coffichf 9%%%9%? L
t t

Subsequent 3&?%@%‘#%%@%%%3%? hgeiRres T TR et Rt e bimseng
e ar vt B ) AR SRR S48 B R Bt

| [1..b ded 96 | |
D ot vane Ut IgRY PRI B SE st ol e Sabre G q'i%ggrfica et A Fels 't ho
medi um ng}e 5: Establlshqent of hES cell s cl ones bly transfgﬁfed
with ins OB 3SHANSR AL Ul Rrgmetsh ARt derrehvetdn Grp JS iS¢ SRt Y ( EGRP)

reporter gene a. Construction of plasnm ds containing human insulin
pronoter (pl ﬁgafured p-cells, this sequences is floxed out allowing the lacZ coding sequence to be

expressed under the control of the PDX-1 promoter. The expression of the lacZ gene
depends on the expression of the Cre recombinase, therefore a time course study is
essential to determine the optimal time required for maximum recombination to excise
15  the target gene in P-cells that results in expression of the lacZ gene.
Measurement of lacZ enzyme activity is carried out using a fluorogenic substrate,
which is hydrolyzed and retained intracellularly. The advantage of this system is that
lacZ serves both as a reporter gene to quantitate recombination efficiency and as a
selectable marker for the fluorescence-activated sorting of cells based on their lacZ
20  expression level. |
Another variant of this approach, utilizes the Cre-recombinase driven by the insulin
promoter in cells in which the thymidine kinase gene has been stably transfected in
between loxP sites. Cell toxicity is induced by addition of ganciclovir, and only those
cells in which the TK is specifically floxed out (cell specific promoter driving Cre-

25  recombinase) survive the ganciclovir treatment.
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A DNA fragnent containing 327 bp of the 5 -flanking region and 30 bp of
exon 1 of the human insulin gene was anplified using the polynerase chain
react i on wpRem?2756The f ol | ow ng ol i godeoxynucl eoti des wer e PGIAHO2A®3¢r | mer s:
25 5'- GCG GAG CTC TCT CCT GGI' CTA ATG TGG AA- 3' 32 WD 02/092756

PCT/ 1102/ 00369 R 'will 5656 fedSatbd6s (e Grtibdilon theid ko whith RlGnYdatiodperbi® tRRJUENCE

of the human insulin regulatory fragnent in the new construct was verified
by sequenci ng11l&!u{wfo}ég%a@%lmt5’@1§%¥ bﬁgb&rmé‘dw JiBEEeNahin SHbter BEIYENCI NY
Ready Reaction Kit (Applied Biosystemy. 5 This fragnent was subcl oned into
pBl uescri pt('l'sg?stén{s. KS (Stratagene) using Sacl and Xhol restriction enzyne
sites. The pBluescrip containing the plns was digested by Sacl and Kpnl
and the resulting %ﬁ jpserted in the correct orientation in the
MCS of pEGFP—e'l (Cﬁgl%ct%ecﬁggo |Islés\9/ect or carries also a neomycin resistance
gene driyed by C Ltuti 0. pr Thi s f .S | mportant in
further s?udi es ﬁ(irogl p ;c\‘\)érSle s gﬁ[pgc Ye%/ép?ug gﬁrgéa&f Hug{%a]grleé&'?‘%&aﬁ?zl? é%tn%lég% i
experiments. VQES:E%I%%%%QCF)?é\?elrﬁﬁagt\f\%ssfg?vstg&jorfv?r{tlgc}utclﬁheisgﬁé)gd c n%¥iru t vvh[gre t he

) . 1ton. of angioxidants. a
insulin core cinresis ce gene TUS d‘ upss‘[ rream of
EG-P. The advanta

of usjin IS reporter gene i.s . that it provi t he
Convent once. ARG S erPEEH R dikebetiob PR e Sheu R Bims i hpih sk PR PP
identify EGFP _posit.iv l.Is. 15 Activity of the insulin pronoter in both
expr essi on véﬁ%ﬁ@@ggéi@{inl{g‘?cﬁg transi ent transfection of Hamster
insulinoma tumor cells (HT), which revealed EGEP  fluorescence. i.n .
transfected cel IQ%“BPO@P%P@I"@ fndipgthata subsetiod ahet 60¢ pisthG &8s cerfpinfpdini n si x
wel | plates and transfected after 24 hours 20 using ?ngzyOf pl asm d_DNA and
6 gl of tfe méwethegempingsr dp sehavagestothainimanierweind fodivgimdyt selsptinedhgmbpet

(Boehringer Mannheinm. o ) .
of EBs with the highest percentage of insulin expressing cells as the source material for

subsequent enrichment. Selecting this subset of EBs without sacrificing them, can be
achieved using hES stably overexpressing a vital reporter marker driven by the insulin
promoter.

15 Alternatively, the EBs population will be seeded in 96 well plates; one EB per well
and insulin responsiveness will be demonstrated by measuring insulin secretion to the

medium.

Example 5: Establishment of hES cells clones stably transfected with insulin
20  promoter driving enhanced green fluorescent protein (EGFP) reporter gene
a. Construction of plasmids containing human insulin promoter (pIns)
A DNA fragment containing 327 bp of the 5’-flanking region and 30 bp of exon
1 of the human insulin gene was amplified using the polymerase chain reaction
(PCR). The following oligodeoxynucleotides were used as primers:

25 5°-GCG GAG CTC TCT CCT GGT CTA ATG TGG AA- 3’
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Positive clones were isolated and propagated in the presence of 100 gg/m
of (418 in the growi ng nedi um and characterized for expressing the Neo
resi st ancwo ogeygsasi ng Nort hern Bl ot analysis. 25 33 WO 02C09RM2AH369
PCT/1L02/ 00369 <c. Ceneration of teratomas fromtransfected cl ones

Undi f f er ent i gt-est@ efficsgAGamretrab e clrotesgavere TaJ £cted i ntranmuscul arly
into the hind linb of nude mce (5xI06 cells per site). After 70-90 days

Leratomas vere  h&e\ERcRSh of ik Sthmaf BhEAT REulabrp i @hi: in B aRgid ons wer e

prepared. For 5 histonorphol ogy, sections were stained wt

hemat oxyl i n/ 6aghBrifiddby sbqMMIRNLsthe GREABE PRYSMIP &y Thyerm deRAh&ALI ChLiged

sections were I ncubated with anti-"1nsulin antibody "as descri bed” before
(Assady et akgquefGfdk, %-Regétﬁo%%. f’g{ﬁﬂ BREystdAsul i n positive cell population
Si x positive g(iugnesé.s%% l'y trans@ e%ivvl th étﬁﬁ'e i nsulin pronoter-EGP
reporter, 10 angd .one clgne stably tr n}géhect el$® 1 kts Fe i nsul i.n
br oot er - Py gecrp P gaerert asr Lol AR THEGOAT kS ot b Sesh 1 at e
cells maintain or mal . nor phol o as_conpared ., towld type H cells. Al
new ¢l ones gAHLRAFLIEFRRioP CRaeCYAT. J8° PRHEHYBFoHHESOPIHEH BHSRAS n 15
suspension cyltures, and formed advanced derivatives of all three enbryonic
erm | ayer s SPORRS RPREEIK P ghe ST HRREFATER 1Y the eprraghotgniatign i the
9 y : : : e
clusters, rare but _evident, of insulin positive cells were observed by | HC
(FIG 5C D), M ehrRayP-1r Eilondesh)-t His Vegtor @ity alse| opeasiicH Tegighonist 2698 f or
cells carrying the specific transgene under nornoglycen c physi ol ogi cal
state in vi vénveobyeormsiigigive SYAP ipjamqter. This featerp iy Bnnosentaindurther studieand
becane vi si bl e when grown under differentiation conditions (FIG 6). O
note, amdfig &uiselgetonpstspure in Hehletrapgtecon experiments.
pEGFP-1 backbone was used for the second construct where the insulin core
promoter driving hygromycin resistance gene fused upstream of EGFP. The
advantage of using this reporter gene is that it provides the convenience of drug
resistance selection marker with the ability to identify EGFP positive cells.
15 Activity of the insulin promoter in both expression vectors was tested using
transient transfection of Hamster insulinoma tumor cells (HIT), which revealed EGFP
. fluorescence in transfected cells.
b. Stable Transfection
H9 hES cells were cultured in six well plates and transfected after 24 hours
20  using 3 pg of plasmid DNA and 6 pl of the non-liposomal formulation FuGENE™
transfection reagent (Boehringer Mannheim).
Positive clones were isolated and propagated in the presence of 100 pg/ml of
G418 in the growing medium and characterized for expressing the Neo resistance

gene using Northern Blot analysis.

25

33



correl ati on between EG-P fl uorescence as observed by m croscopy and
nmeasured insulin secretion and content. For instance, the 1|1 B6 clone which
exhi bi t edwb@09X75@0r escence and | ow i nsulin content (Fl G PENIL@AD3IEU M ) as
conpared with the 1133 25 clone (FIG 6B; 1015 Unl), also secreted |ess

insulin (43 b} n)Gehaatis®sf R REmAY froddir WMerQddQiehes6 PCT/1L02/ 00369 the 1B3
clone (364.5 Um ). Morphologically, EGP expressing cells were often

smal | and grew i OndieRRatifbdSIR Hom HRS Bloh&l Wete ﬁﬁé&d&ﬁ@aﬁ@w&wﬁwﬂe
fluorescence activated sorting, based on EG-P fl uorescence, and nol ecul ar

and_physi ol ogingatmb 0@ Gl Allodl[ B 60 SROtLY siRST RSeC¥@0D GG tePatéinasEREE CheNt
of insulin positive cell population. Differént protocols are conpared.

Prelimnary yesuhds %{ka%qlb%@@eh ) gx@aﬁgl Pﬁcliﬁ%ﬂg( lsELFé%E %er@%rgﬁéeﬁig géga' | owed

by seeding on matrig In the presence o i gma, or and FGF
4 ng/m igt di . far S equent. . 4- Vi el

enri chmentg op%go%ogéﬁogoﬁm#gﬁd&gy E&%S g%zm?/si gJItlhn ?1%132’1‘(? oﬁ](/aeo\élilo ((jfgo(riiot ocol 1
and FIG 6B) g Next,. i £ rsi . Ci i chment

pr ot ocol forI enﬁéhéﬁ%élg?l%%r} a%gl-y i?’kgépg{elﬁ%ze? r %%%rlrlgﬁl%s}%% E’gﬂb?%@g’ﬁ&]l %R{oubl i shed
by Lunel sky et al adapted.in cqnbi.nati.o Ath the tracking enrichnment
strat egy, ut i SP@?%&WE@ﬁ %éﬁfgg?ﬂreg@ﬁsead{'ﬁr%‘t g%dgdl) 2). Briefly, the protocol
consited of the faqllow ng 15 | uri potent undifferentiated

i st ages. . Sta |
celI's of trafsfectugphhg; ‘é‘éoaﬁf'il‘"g?%“ﬁeS%iaBOP‘ﬁl ¥er | ayer of MEFs in 10 cm
tissue culture djshes, . (Nunc) as, described . previousl As et al.,
2001), for 4-5 d SP.OS‘%%'% n‘%sl sta yoT“f”Sfﬁcﬁg “ﬂ‘ihstgﬁﬁlﬁ%lﬁ’aﬁl%ﬂgteﬁgagé TR Fhgenase

type IV 1% cells were  transferred to, syspension_cultures, in the sane
gr owt h nrggi ufb e plang pably Sengipded with she Wsyimaromplsr-HygBGHR yeportes; weje |11 :

di saggregati on of EBs by trypsin/ EDTAX1 (G BCOBRL) for 5
established.

Transfected undifferentiated cells maintained normal morphology, as compared
to wild type H9 cells.
All new clones generated cell aggregates (embryoid bodies) when grown in

15  suspension cultures, and formed advanced derivatives of all three embryonic germ
layers following injection into nude mice (FIG. 5A-B). Small clusters, rare but
evident, of insulin positive cells were observed by IHC (FIG. 5C-D), which may
reflect the lack of developmental advantage for cells carrying the speciﬁcr transgene
under normoglycemic physiological state in vivo.

20 EGFP was negative in the undifferentiated state and became visible when grown
under differentiation conditions (FIG. 6). Of note, among culture wells, there was a
correlation between EGFP fluorescence as observed by microscopy and measured
insulin secretion and content. For instance, the IIB6 clone which exhibited low

fluorescence and low insulin content (FIG. 6A; 282 uU/ml) as compared with the IB3

25 clone (FIG. 6B; 1015 uU/ml), also secreted less insulin (43 pU/ml) than secreted by

34



m nutes, following proliferation on fibronectin coated 6-well tissue
culture dishes, for 7-10 days, in serumfree DVEM F12 medi um cont ai ni ng
fibronectwo 0209966 m, and I TS xI. 35 WD 02/092756 PCT/ | LOPC@OB&N03St age | V:
cells were grown on | am ni n/ pol yorni thine or |amnin/polylysine coated

di shes in se r QW 1 f N BCO), N2
suppl enent (gkégl% ,aglllan‘i nli&%ﬂgy%{mﬁlﬁ%@@%@%% P B%%Fe%%ﬁ-?%lca([}z‘?/iré o(Sf@ét age V.

and L i n o a6 deh Ty TG AG5! AL S LER (PRI, Bthhnecn "

repeated for e I res o] i p [ f ow h
differenti at fug%vgv%gsg 6%sgérb\%£e '8‘ EE%%%R ‘?og?sg‘%q%&ofg%fs%g%g%&sFagé]zgws\}\?alggngo
observed on g%rgf aang 5 S e I.ll, as shown in FIG 7A (day 4), where in

f.sta
adherent layers o ce‘llrfesnfaya‘re%%g}éang?edfl uorescent cells are observed
scattered.t hroughgut. the field. in. atter ighly rem niscent of the
positive Pnsdlin ﬁﬂﬂﬁ gqﬁqu!gpggggﬂﬁgépgﬁhipgnl%gg shown as red staining in
t he Lunel sky repqtt. at the correspondi St.age. he end of. s e IV or
Vel usters of - EBHBE puGoRTiF CRMRES Mo BHar teodnanpye e oitss i Bher o 15

o : : _ . |
Bhysi ol ogi cal REVAF 43 e TeOPTehey ot BARNPREUTE o ERCH O
transgenic pluripotent undifferentiated hES cell c¢lones transgenic_ for a
reporter dri $IEMByOTGIBGQ) ang iGh 4 ae/pH dniheegroviibraediiam dorathe qubsqqiert 4ppr oach
can be wutilized to _exam ne and nonitor insulin-producing cell

di ff er ent i at Wsgks, gifldedoenriphagpis el a¥nes gstimpigdabe FS eradybinspiBhelwas of

insulin-producing cells for possible future transplantation therapy. The
speci fi ¢ 1§r ofratoeeldcindilGs6Bescri bed above, or components thereof, are
those which constitute the basis of protocols for pronoting the favorable
growt h of insulilNext a modified version of a reproducible staged enrichment protocol for

enrichment of B-like cells from mouse ES, recently published by Lumelsky et a/, was
adapted in combination with the tracking enrichment strategy, utilizing EGFP reporter
gene (protocol 2). Briefly, the protocol consited of the following stages:

15 Stage I: pluripotent undifferentiated cells of transfected clones were grown on a
feeder layer of MEFs in 10 cm tissue' culture dishes (Nunc) as described
previously (Assady et al., 2001), for 4-5 days.

Stage II: following disaggregation using collagenase type IV 0.1%, cells were
transferred to suspension cultures, in the same growth medium but in the

20 absence of hibFGF, for 4-5 days.

Stage III: disaggregation of EBs by trypsin/EDTAX1 (GIBCO/BRL) for 5
minutes, following proliferation on fibronectin coated 6-well tissue culture
dishes, for 7-10 days, in serum free DMEM/F12 medium containing fibronectin

1pg/ml, and ITS x1.
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producing cells fromhES. It wll clearly be recognized by the skilled
artisan that it is 25 possible to change many of the particulars of these
pr ot ocol swaioklmrse departing fromthe 36 WO 02/092756 PCTPCIORIADDIS
essentials of the invention. Al of the many possible variants may be
consi dered opti SliiagéltIiVO Rellf wRR 2d%hedrS lapikiRipBlybi@hing adfemmn/gélyltyﬁﬁe

i nvention disclosed. The scope of the invention is defined by the clains

which follow. 5 Jhagd Q§RIM SGud SR HREMM Ohetille sRRGliAd B2 RNt S W | |
so fully reveal the general nature of the invention that others can, by

appl yi ng. cur 1 ent e o9 Sup il HmBdidtnAN Ok AP L0 YV 05

applications such spe nts "W t hout ndue exp ment ati on and
wi t hout departi ng, fromthe generic concept, and, therefore, such
adapt ati ons and 18di fi cations should and are intended to be conpr ehended 10

wi thin thg nmeani apd range of uival ents of the di.sclose nbodi ment s.
It is to De undé‘?’g? bﬁ‘e& Wﬂsﬁ@ﬁ%ﬁ ﬁ’éthgfeg’df}* ‘Eﬂn%aflﬁ?gﬁlﬁ%f‘@ ee@ﬂﬂgggled herei n
is for the purpose of description and not of limtation. The neans,
materials, and sBZhNZd laminingsigystegetd, fFri0slays-di scl osed functions may take

a variety of alternative forms without departing fromthe invention. Thus

the expressions "neans to..." and "neans for...", or any 15 nethod step

| anguage, as may be found in the specification above and/or in the clains
bel ow, followed BYye enrichmentipeaiedo] wastepsatadiior eighd times antiergprodueibleippiéerand cover
what ever structural, physical, chemcal or electrical elenent or
structure, opef\grewtbvand diferentiationt wps obdsineH. day inifial fiordspenich ssignak wee exi st
which carries out the recited function, whether or not precisely
equi val eh® t obtehedeonblogiérmedt ofstagniibali sewn sn HIG dAoGexi4), wha® ih hdherent
specification above, i.e., other nmeans or steps for carrying out the sanme
functions caayebefyslds]groapdof fluokescdnntelzdedotskmed satidred thoouzbeutdinsiidié gi ven
their broadest interpretation. 37 WO 02/092756 PCT/1L02/ 00369
in a pattern highly reminiscent of the positive insulin immuno-fluorescence which was
shown as red staining in the Lumelsky report at the corresponding stage. By the end
of stage IV or V, clusters of EGFP expressing cells, which are easily dislodged, were
15  surrounded by neural-like projections (FIG. 7B; day 2).
Molecular and physiological features are currently being examined.
In conclusion, transgenic pluripotent undifferentiated hES cell clones transgenic
for a reporter driven by a cell specific promoter were generated. This approach can be
utilized to examine and monitor insulin-producing cell differentiation, and to
20  subsequently isolate enriched populations of insulin-producing cells for possible
future transplantation therapy.
The specific growth conditions described above, or components thereof, are those
which constitute the basis of protocols for promoting the favorable growth of insulin

producing cells from hES. It will clearly be recognized by the skilled artisan that it is

25  possible to change many of the particulars of these protocols without departing from the
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derived from human enbryonic stemcells. 10 5. The cell popul ation of claim
1 conprising isolated insulin-producing cells derived fromhuman enbryonic
stem cel | w0 08/092Fbe cel | popul ation of claim 1 conprising ®CPALR/00369

i nsulin-producing cells derived fromhuman enbryonic stemcells. 7. A cel
popul ati on c@IXimgs Ng regul atabl e insulin-producing cells derived from 15
human enbryonic stemcells. 8. The cell population of claim7 conprising

gl ucose-respansi X1 %}I&mét{b‘nl%& HEhDGsulfrShrbSucHg do £8brivE @ ol UiiRAn €Mbr yoni ¢
stemcells. 9. The cell population of claim8 enriched for
gIucose-responsi&ﬁb'Qﬁygkﬁhwﬁgoducing cells derived from human enbryonic
stemcells. 20 10. The cell population of claim9 wherein the enrichnent
conprises tr ?.at il cegI ;}ogulaﬁ&?&l cldim lternﬁ?l%é%{ ih&lﬁ-g;%&%lngr&ﬁsederi%d frTIHe cell
popul ation of claim 8 conprising selected glucose-responsive insulln-

produci nggcel |'s 9=gﬂg%kfg&@hgggaﬁ.enbryonic stemcells. 12. The cell
popul ation of claim8 conprising isolated glucose responsive insulin- 25

produci ng celyl s rived from n.enbryonic stemcells. 4 2/.092756
BT 1 L02) 00380 16 CofireliaRin o 3T A Rets PeEmir et Eosmlior st Shec

gl ucose-responsi ye.insul i r.ooduci ng cells derived .from human enbryonic
stemcells. 14. 4%&”@Fﬁ@8@QRW8§BHﬁ§ﬁ%KE+H?WFPH@ %Hﬁ@?%%ﬂ%@?1s of any one
of clainms 8-13 erein saji.d cells express at |east one gene fromthe group
ot Cinsurin. & s Sl mopRR Ham SoRpiang s AR g eI g -1

gl ucose transporter, .insulin pronoter factor 1/pancreatic and duodenal
homeobox gene 1 f95Fed fpm hunpap spdsiopisistedhcallict or, Ngn3 transcription factor.

15. A cell popul ation conpnisin?_stable.Lnsulin-prOQUcing_ceIIs derived
from 0 " 5. The cell population of claim 1 comprising isolated insulin-producing cells

derived from human embryonic stem cells.
6.  The cell population of claim 1 comprising cloned insulin-producing cells
derived from human embryonic stem cells.
7. A cell population comprising regulatable insulin-producing cells derived from
15 human embryonic stem cells.
8.  The cell population of claim 7 comprising glucose-responsive insulin-producing
cells derived from human embryonic stem cells.
9.  The cell population of claim 8 enriched for glucose-responsive insulin-
producing cells derived from human embryonic stem cells.
20  10. The cell population of claim 9 wherein the enrichment comprises treatment with
insulin, transferrin and selenite.
11. The cell population of claim 8 comprising selected glucose-responsive insulin-
producing cells derived from human embryonic stem cells.
12. The cell population of claim 8 comprising isolated glucose responsive insulin-

25 producing cells derived from human embryonic stem cells.
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human enbryonic stemcells. 10 16. The cell population of claim15
conprising stable clonal insulin-producing cells derived from human
enbryoni cwetoemwed | s. 17. The cell popul ati on of clai m 15PConpoz/@seyg
insulin-producing cells derived from human embryonic stemcells

over expr essi N9, TRl pbulatiétofCc®lim m&%hgﬁlg eln&Y gl Ré-RsponsHe Ml ng

i nsulin-producing cell's derived from 15 human enbryonic stemcells stably

transfected withpag @&%s@éngggmggmmﬁjnweﬁm ryonfdSitinh BelRr omoter. 19. The cel |
popul ati on of cla|n1 conprising cloned insulin-producing cells derived

from human_ eyt yoRl puslse Mspslshe b BRbbabaANMIEGE & debiofiad gl | 1

pronoter. 20 20. A clone o non-differentiated human stemcells stably

transtect ed i { hyofichRleePOARLL S G b e%ﬁ%gg}gl]l SEOMSRGEpf human

insulin promoter on conprisin uri poteﬁt precursors

cel I, st 3bly trEhy %%%S%Kﬁe&-?ﬁlﬂ%%ﬁn I S S
PCT/ 1 LO2/ 00369 opul atio sin conm t cursors o
! / &é;n %?’acltorl l%re!a%c ik duog r%g %orﬁﬁh IE’EP/PB f

beta islet cells reas derive errbr yonr¢ stemcells.
23. The cells clgne of cI wher ei n 2%& eporter gene is fused

downst ream of { hEANSPRRR; ﬁCt%rrﬁ%%%?fns 5 24. The cells clone of

cl ai m 20, eln t ressmn .of t ort eng is, ul ated by the
Choult nopr omdser Agellgoss o Hgre Wﬁ@P rofeifh A IeE P | ng

i nsul i n-produci ng cell s 1ﬁhod for in vitro enrichnment of

i nsul i n- produci nﬁ““ﬁ?’-ﬂ‘?né rH‘?éF‘f ??%‘H °f¥om stem cells, conprising the steps of:

10  16. The cell population of claim 15 comprising stable clonal insulin-producing cells
derived from human embryonic stem cells.

17. The cell population of claim 15 comprising insulin-producing cells derived from
human embryonic stem cells overexpressing hTERT.

18. The cell population of claim 15 comprising insulin-producing cells derived from

15 human embryonic stem cells stably transfected with a construct comprising an
insulin promoter.

19. The cell population of claim 18 comprising cloned insulin-producing cells
derived from human embryonic stem cells stably transfected with an insulin
promoter.

20  20. A clone of non-differentiated human stem cells stably transfected with a vector
comprising the DNA coding sequence of human insulin promoter.

21. A cell population comprising pluripotent precursors of beta islet cells of the
pancreas derived from human embryonic stem cells, stably transfected with an

insulin promoter.
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10 (i) culturing undifferentiated pluripotent stemcells in a chemcally
defined serumfree culture nmedium conplenented with supplenents sel ected
from serwmozep7a&€cenent; nonessential am no acids; nercapCeaLAncd,
glutam ne; fibroblast growh factor; and 15 (ii) disaggregating and

transferringaf hey mwﬁmﬁo&@dnhprgﬁgtcmefdrp@&h&b}s ofb&a%la@l[bsdf% culture in
bacterial -grade petri "dish; and (i'ii) adding to the culture mediumof the

cells from(ii) paﬁmpis%eﬁv@d%n%ﬁ&rﬁeﬁ{&%&Jmt&neelwOup consi sting of:
insulin; transférrin and sodiumselenite (ITS); gI ucose; nicotinam de;

ker ati nocyt eysgr gyt Ia?l?socl(glﬁcbtfgfalm b QJ&I‘%F&Jl@ﬂ' gﬁ&gg ‘?&ste@ Bowd st o

endot helial growh factor epl derma gro ctor nerve growt factor

activin; (3-cell thod in claim26 conprising the follow ng
st ep: (|) cul tur“?klh‘ldﬂﬁ“’é’?‘)?‘?é J&%ﬁggt ed pluri potent stemcells on a feeder

| ayer 1153 gneriealiyageldnat, 36 DAL B8 SHEIHEG AR]LUMc ol ement ed | 25
w th suppl enents se ff serum r epl (Fal 43 wWo
02/ 092756 PCT/ | 02 69 am no aC| nercapt oet hanol gI ut am ne;
fibroblast gr oWt I | i Ifb rﬂ[le mguldl]f gﬁlgengggr egat | ng and transferring the
adherent cel tu s fro 0 _suspensi.on culture. in bacterial-grade
petri dish; ighdl’ké c)lont?t??]f%ﬂ)‘ﬁ% Preny 1n§u1}nnpr?ﬁlﬂicngf°8]rls4 5inaculture
medi um as i i) absence .of | ast facto and (iv)

di saggr egat 139 2h laewgﬁogﬂwﬂpﬁaﬂihﬁ@%?@ RO E IR
fibronectin coated tissye culture dishes in serumfree nmedi um (v) addi ng
to the culture > GOPRISING 1 SteRfAdl ement s sel ected from

10 (1) culturing undifferentiated pluripotent stem cells in a chemically
defined serum-free culture medium complemented with
supplements selected from: serum replacement; nonessential
amino acids; mercaptoethanol; glutamine; fibroblast growth factor;
and

15 (i) disaggregating and transferring the adherent cell cultures from (i)
to suspension culture in bacterial-grade petri dish; and

(iii) adding to the culture medium of the cells from (ii) supplements
selected from the group consisting of: insulin; transferrin and
sodium selenite (ITS); glucose; nicotinamide; keratinocyte growth

20 factor; fibroblast growth factor; vascular endothelial growth factor;
epidermal growth factor; nerve growth factor; activin; B-cellulin.

27. The method in claim 26 comprising the following step:
(1) culturing undifferentiated pluripotent stem cells on a feeder layer
in a chemically defined serum-free culture medium complemented

25 with supplements selected from: serum replacement; nonessential
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10 the group consisting of. fibronectin; transferrin and sodium selenite
(ITS); and (vi) adding to the culture nmediumof (v) supplenents sel ected
from t he woreelog76®©nsi sting of . B27 suppl enent (G BCO) ; N2 PSHpd2nv8est

(@ BCO; lamnin; fibroblast growth factor; and 15 (vii) replacing the
culture mediumin (Vi) WakotadldsUhécifRsinaibl; SRBRIAS FBSHLRYRbSIMERS; Sel ect ed
fromthe group consisting of: B27 suppl enent (GHBCE»; N2 suppl enent

(@ BCO; lamnin;, nicotipam de. 28. Use of insulin producing cells derived
from human enbryonic stemcells for cell 20 replacenent therapy. 29. Use

according to claim Zgﬁmgisg%éfkéa%g g[ﬁl&aﬁsﬁqﬁggﬁ%ﬁ&gﬂr&}aﬁgumg@s%gn@@ pancr eas

of a subject in nee Use according to claim?28 wherein the

cells are transplanted t L ARLErS  eleRal- ject i.nyneed thereof. 44
W0 03/ 005756 Pt 1105 00X GRp ol Rhifur? i tcte alt%?%‘%ﬁ@%ﬁ&%h’sﬁ‘%i ent in need

thereof wsth insulin (H@OQM‘E& tlfrf]eeégll&éld@go}‘ﬁ% piLra% Q%ﬁiumrixgx?incthét em

cells conprising transpl antatfo opulatiton conprisrng rnsulin

producing cells derived fyomh n [ VORI stemcells. 5 32. The net hod
of claim 31 conprising t?éﬁ%ﬁ?ﬁﬁ?ﬁ%ﬁ%ﬁ égggﬁﬁmggpulation conpri sing

nsul in Producing colls ol edely S AUIRD.CTRXS0LS LA £elL S, iyt © (he
popul at ton - combr sing | gyl 1 B 9dNE] 19, SEHLS HSLL YTl REL AURRR, ebrvoni ¢
(v) adding to the culture medium of (iv) supplements selected from
10 the group consisting of: fibronectin; transferrin and sodium
selenite (ITS); and
(vi) adding to the culture medium of (v) supplements selected from the
group consisting of: B27 supplement (GIBCO); N2 supplement
(GIBCO); laminin; fibroblast growth factor; and
15 (vii) replacing the culture medium in (vi) with culture medium
comprising supplements selected from the group consisting of:
B27 supplement (GIBCO); N2 supplement (GIBCO); laminin;
nicotinamide.
28. Use of insulin producing cells derived from human embryonic stem cells for cell
20 replacement therapy.
29. Use according to claim 28 wherein the cells are transplanted into the pancreas of
a subject in need thereof.

30. Use according to claim 28 wherein the cells are transplanted to an ectopic site in

a subject in need thereof.
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31.

32.

33.

A method of treating a patient in need thereof with insulin producing cells
derived from human embryonic stem cells comprising transplantation of a cell
population comprising insulin producing cells derived from human embryonic
stem cells.

The method of claim 31 comprising transplantation of a cell population
comprising insulin producing cells derived from human embryonic stem cells
into the pancreas.

The method of claim 31 comprising transplantation of a cell population
comprising insulin producing cells derived from human embryonic stem cells to

an ectopic site.
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