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STEM CELL AGGREGATE SUSPENSION COMPOSITHONS AND METHODS
FOR DIFFERENTIATION THEREQF

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

5 00 Part of the work performed daring development of this invention utilized U8,
Government funds from National Instituies of Health Gramt No. § R24 RRO2Z1313-05

The U8, Government has cerfain rights in this invention.
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

HE  {B001] The present wvewsion relates t0 suspension cell aggregate compositions that
are essendially serom and feeder-free and methods for differentiating the cell

aggregale SUspensions.

BACKGROUND OF THE INVENTION

j0B02] To dale, there is no efficient svstem providing for a large-scale manufacturing
13 process (“scale-up™) for eubarvotic mamunabian cells, in particular, mammatian
plurtpotent eells such as human smbrvonic stem (BES)Y cells. To mamtam hES cells in
an undifferentiated state i virre, the hES cells are typically maintained on mouse
srabrvonic fibroblagt (MEF) fesders and passaged bv manual mechanical dissociation
{e.g., micro-disssction) and wransferring individual colomes. These mathods are
2 sufficiemt for research studies that do nol require large-scale production of
undifferentigted hES cells or differentiated hES cells. gene targeting, drug discovery,
W vitro toxicology, fuwre clinical applications require maproved methods for the

stabie large-scale expansion of hiES cells, ncluding envymatic passagmng.

10003 BEnzvmatic expansion of hES cells can be performed it these methods have

e
bl

technical disadvantages because hES cells depend on cell-cell interactions as well as
para- and autocrine signals for survival,  Hence. hES cells prefer this cellolar

microenvironmeni as compared to existing as single cells. Also, there are reports that
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enzymatic dissociatidn of hES cells may lesd o abnorma! Rarvotvpes and result in
genettc and epigenstic changes.  Thus, providing a highly supportive cullure
enviromment while 8t the same e allowing for robust large-scale expansion {Le. a
manufacuring processy of wndifferentisted WES or differentated hES cells without
compromusing the plunpolency, mwitipotency or genefic stability over exfended

enfture pertods s essentiad.

0004} Human plunpotent cells offer unigue opportumsties for investigating early
stages of human development gs well as for therapeutic imervention in several disease
siates, such as diabetes ruelhitus and Parkinson's disesse. For evample. the use of
insulin-productng B-cefls derived from human embryonic siem cells (hESCs) would
offer a vast tmprovement over current celi therapy procedures that uithize cells from
donor pancreases. Currenthy cell therapyv veatmments For diabetes mellitus, which
utitize calis from donor pancreases, ate limted by the scarciy of high qualiy islet
cells nesded for wansplant. Cell therapy for a single Type | diabatic patient requires a
transplant of approximately 8 x 10 pancreatic islet cells (Shapivo ¢f @l 2000, N Engl
Foded 343.230-238, Shapire ¢f of, 2001a, Best Pract Rex Clin Eadoctinol Metab
13:241-264; Shapiro ef ¢l , 2001, Bratish Medical Journal 322:861). As such, at Jeast
two healthy donor organs are required to obtain sufficient isiet cells for & successful

wransplant.

HG05] Embrvonie stem (ES) celis thus represent a powerful mode! svstem for the
mvestigation of mechaniams underlving plunpotent cell biology and differentiation
within the early embrvo, as well as providing opportayities for genetic manipulation
of mnwnals and resultant commercial, medical and  agricultural applications.
Furthermore, appropriate proliferation and differentiation of ES cells can potentally
be used fo genorate an unlimited source of cells suited fo tansplantation for weatment
of diseases that result from cell damage or dvsfunction. Other pluripotent cells and
cefl linex including early primitive ectodermlike (EPL) cells as described in
Imemationsl Patent Apphication WO 9%/53021, in vive or i vitro derived
IOMepiblast, n vivo or in vitro derived prngiive ectoderm, primordial germ cells
{EG cells}, teratocarcinoma cells {(EC cells), and pluripotent cells derived by

dedifferensiation ¢r by nuclear wansfer will share some or all of these properties and
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applications,  International Parent Application WO 97/32033 and UK. Patent No.
3:453.357 describe pluripotent cells including cells from species other than rodents.
Human ES cells have been desertbed in Tivemadional Patent Application WO
BO27903, and in ULS, Patent No. 6,200,806, ard human BG cells have been described

2%

in International Patent Application WO 9843679,

{0006] The biochemical rmechanisms regulating ES ol pluripotency  and
differentiation are very poody undersiood  FHowever. the howted empirical data
avaifable (and much anecdotal evidence) suggests that the continued mairiensnce of
pluripotent ES celis undey iy viire cultire conditions is dependent upon the prasence

16 of evtokings and growth factors present in the extracellular wmiltew.

H8007] While human ESCs offer a source of starting material from which 0 develop
substantial quantities of high quality differentisted cells for human cell therapies,
these cells must be obined and/or cultured in condiftons that are compatible with the

expectad regulatory guidelines governing chnical safery and efficacy.  Such

S
2

guidelines likely will require the use of & chemically defined wmedia.  The
development of such chemycally defined/GMP standard conditions s necessary (o

[acititate the use of hESCs and cells derived from hESCs for therapeutic purposes in

humans,

[O008] In addiion, the eventual apphication of hESC based cell replacement therapies
26 will require the developmenl of metbods that enable large scaie caliure and
differentiation conditions that are comphant with regolatory guidelimes.  While
several groups have reporied simplified growth céndii:ims for hESCs, there are
substantial Imitabions with these studies. To daie, however, the successful isolation,
long-termt clonal masntenance. penetic manipulation and germ hne transnussion of

25 pluripotent cells has generalle been difficult.

FI009] Most of the cell culure conditions for stem cells still contmn serum veplacer
{KSR) in the media (Xu et al., 2005 Stem Cells, 23:315-323; Xu et al., 2005 Naturs
Methods, 2:185-18%: Beattie et al., 2005 Stem Celly, 23:480-40%; Amit st al, 2004
Biol. Reprod.. 70:837-843; James ef al, 2005 Development, 132:1279-1282). KSR
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contaings a crude fraction of bovine serum albumin (BS A) rather than a highly purified
source. Others have only performed short-{erm studies, and therefors it is pot cleas if
their conditions would enable the maintenance of pluripoency over extendad periods
{Sato et al, (2004) Nature Med, 10:35463; U8 Patent Puoblication Nos.
2006/0030042 and 200541233446}, Others have shown long~term mantenance of
phuripotency it a chomically defined media with FGE2, activin A, and insulin. but the
cells were grown on plates that were costed with human serum, which was “washed
ofl™ before plating of cells (Vallier of al, 2005 1 Calf Sci.. 1IR(P1 1934495309}
While FGF2 has been a component of all these madia, it s not clear 8 1t is an absolaig
necessity: patticularly as W gome formulations it Is necessary to use d al & high

concertiration {up 1o 100 ng/mi., Xu et al., 2005 Nature Methods. 2:185-189).

{010 Furthermore, all of these groups have either mchuded msulin in their media ot
pgiml levels, or have mmsulin present due fo the use of KSR, Insulin 15 ivpically
considered 1o function in glucose metabobism and “cell sarvival” signaling via
binding to the msulin recepior. AU levels sbove physiological concentrations.
howevar, insulin can also bind {0 the IGFY receplor with a lower efficiency and confer
classical growih factor activity through the PI3 Kinase/AKT pathway.  The
presence/requirerient for such high levels of msudin (ug/mi levelsy in KSR or these
other nedia conditious suggests that the major activity i elicited viv binding w the
HGFE regeptor, which s expressed by hESCs (Sperger et al, 2003 PNAS.
100(23113350~13355).  Others have noted the expression of a full complement of
IGRIR and intracelhular signaling pathway members i hESCs, winch s likely (o
sipnifv the (unctional activiey of this patheay (viiura et al., 2004 Aging Cell, 3.333-
3433 sulin or YGF! may elicil a yoyor signal required for the seil-renewal of
hESCs, as Is suggested by the fact that all condittons developed thus far for the culture
of hESC coniatn either inaudim. insulm provided by KSR, or IGF] provided by serum
In support of this concept, it has been shown that if P13 Kinase s inhibited in hESC
cuttures. the cells differenniate (I Asnour of &, 2005 Nat. Biotechnol,, 23(12):1534-
41; McLean et al., 2007 Stem Cells 25:29-38).

011} A recent publication outflines a humanized, dafined media for hESCs (Ludwig

et al., Nature Biotechuology, published online January 1, 2006, dot: 10 1038/mbti (77).

PCT/US2608/082356
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This recent formulation. however, includes several factors thal are suggssted to
influence the proliferstion of hESCs, ncluding FGF2, TGFR, LiCL y-ammobutyric
acid and pipecolic acid. M is noted that fhis recently delmed cell culture medivm also

coniging msuli.

6012] The EGF growth factor family has at lesst 14 members, meluding, but not
fimited to, BGF, TGFA. heparin binding-BGY (hb-EGF), nearegulm-§ {aiso named
heregubind (HRG-3), glial growth factor and others), HRG-g, amphireguhn.
beracelhudin,d and epiregulin. Al these growth factors contain an EGF domain and are
wwpically  first expressed as  transmembrane proteins that are  processed by
metalioproteinase (specifically, ADAM} protzins to generate soluble ectodomain
growth Factors, BEGF family members interact with either homo- or hetero-dimers of
the ErbB1, 2, 3 and 4 cell surface receptors with different affinities {lones et al,,
FEBS Let, 1999, 447:227-231). EGF, TGFg and hbEGF bind ErbBl/1 (EGFR}
homodimers and ErbB12 heterodimers at high affinity (1-100 nM range), whereas
HRG-D binds ErbB3 and ErbB4 at very high affinity (<1 nM rasge)  Activated ErbB
recoptors signal through the PI3 Kinase/AKT pathway and also the MAPK pathway.
ErtvB2 and ErbB3 are amongst the most highly expressed growth factor receptors i
hESCs {Spesger ot al., 2003 PNAS, HMH23)13350-13355) and HRG-§ has been
shown previousty to support the expansion of mouse prinordial germ celis (Tovoda-
Ohno ef al., 1999 Dev. Biol, 213(23399-406). Furthermors, over exprassion and
subsequent inapproprigle aclivation of ErbB2Z is associated wiib wumorigenesis (Neve
gt al.. 2001 Ann. Oncol.. 12 Suppl 1:89-13; Zhou & Humg, 2003 Semin, Oncol.. 303
Suppl 161:38-48; Yarden, 2007 Oncology. 61 Suppt 2:1-13)  Human ErbB2
{Chromosome 17¢L and ErbB3 {Chromosome 12q) are present on chromosores thal
have been observed lo accumulate a8 tisomies in some hESCs (Draper et al, 2004
Nat. Bintechnol, 22¢1353-4; Cowan et al.. 2004 N Engl ] Med.. 330(13) 13334
Brimbla et al., 2004 Stam Cells Dev., 13(63385-97, Matra et al., 2005 Nat, Genel,
3TCGRTI009-103, Mitahipova et al., 2005 Nat. Biotechnol. 23(1 ) 19-20; Draper et al.,
2004 Stemn Cells Dev., 13(4)325-36; Ludwig el al.. Nature Biotechnology. published
onfine January 1, 2006, doi: 10.1038nbt1 177}
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[O013] ErbB2 and ErbB3 (Brown & al., 2004 Biol Reprod., 71:2003-2011; Salas-
Vidal & Lomell, 2004, Dev Biol., 265 75-89) are expressed i the mouse blastocysl,
although not specifically restricted to the inner cell mass GCM), and ErbB 1, BEGF and
TGFR are expressed in the human blastoeyst {Chin et al, 1995 Development,
1221{21299-307), HB-BEGF has proliferative effects in human IVF blastocyst culture
{Martin et al.. 1998 Hugnt Reprod., 13(631645-32; Sargent et al., 1998 Hum. Reprod.
13 Suppl 4123248} and modest additional effects on mouse ES cells grown in 15%
serum (Heo at al., 2005, Am. J. Phv. Cell Physiol, in press). Pre- and eardy post-
implantatton development does not appear to be affected in EebB2-/~ ErtB3-4
Neursgulini-/~ (Britseh et al,, 1998 Genes Dev., 127182336}, ADAMI7- {Peschon,
ot al., 1998 Science, 282 1281-1284) and ADAMIS- (Horuchi, 2005 Dey. Biol,
283(23459-71) null ambrvos.  Therefore, the importance of signaling through the

ErbB receptor family n hESCs is. up to now, unclesr,

{0014] Neuregulio-1 (NRG1y s a large gene that exhibits multiple splicing and
profgin processing varisats. This generates a large munber of protein woforms, which
are referred to herein collectively as neuregulin,  Newregulin iy predominantly
expressed as a cell surface transmembrane protein, The extraceilutar region conlang
an immunoglobolin-tike domain, & carbobvdrate modified region and the BGF
domain, NRGI expression isoforms have been reviewed previowsly (Falls, 2003 Exp.
Cell Res., 284:14-30), The call membrane metalloprotesses ADAMI7 and ADAMIY
have been shown to process (he transmembrane formy(s) of penregulinel 1o soluble
newreguli/heregulin, - HRG-a and -f are the cleaved ectodomaing of neursguhn.
camtmining the EGF and other domaing,  As the BGF doman is respousible for
binding and activation of the ErbB receplors, a recombinant molecule containing only
this domam can exhibit essentially all of the soluble growh factor effects of this
protein {Jopes et al., 1909 FERS Letr. 447.227-231).  Also, there are processed
transmembrane 1soforms of neuregulin that are thought to vigger justacrine signaling

w adjace cells via interaction of the BGF domain with ExbB recepiors.

[018] SUll, an important development in the progression of hESC research toward
maniaming pluripoiency in culture will be the efucidation of media and call cubture

conchtions that are compatible with the expected regulatory gusdelines governing
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clinical safety and efficacy. While the best outcome would be the availability of »
chenncally defined media for hESCs, components thal are not chemucally defined
wotld be acesplable If they were produced 1o OMP sandard.  There is a need,
therefore, 10 idenuf methods and compositions for the colure and stabilization of a
3 population of phaipotent stem cells that are able to be used for therapeutic purposes,

wherein the coulture composiions are defined andfor produced to GMP standard.

SUMMARY

6016}, The present disclosure relates to compositions comprising a basal salt nutrient solution

and an HrbB3 hgand, with the compositions being essentialiy free of serum.

16 10L7] The present disclosure also relates to compositions comprising a basal salt nutrient
solution and a means for sumulating ErbB2-dirscled tyroste kinase activity in

differentiable colls.

{8018] The present disclosure relates to methods of culturing differentiable cells, with the
methods compnising plating the differentiable cells on & cell culture surface. providing

et
(4

a basal salt nutrient solution to the differentiable cefls and providing a Hgand that
specifically binds ErbR3.

{B019] The present disclosure relates to methods of culturing differentiable cells, with the
methods comprising plating the differentiable cells on a2 cell cultore surface and
providing a basal sali nutrient solution o the differentiable cells and 5 means for

20 stimulsting EsbB2-directed wrosine kinase acuvity in the differentiable calls.

{28} The present disclosure also relates to methods of culturing differentiable cells, with the
methods comprising providing a digest sohsion o a laver of differemiable cells that
are comained In g colture chamber prior 1o ﬁi.gesﬁiou,'whes‘e the digestion breaks apart
the laver of cells into single cells. Afler digestion, the single cells are placed into 2

25 new nssue cubture chamber with a differentiable cefl culuwe solution, wherein the
differentiable cell culture solution comprises a basal salt nutrient solution and an
ErbB3 hgand, Once cultured. the single differentiable cells are placed in conditions

that permit growth and division of the single celis.

~3
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{0021} The present disclosure relates to methods for generating a hES cell aggregate in

suspension from a pluripotent hES adherent culture, by culturing a hES cell in an
adherent growth culture condition which allows for expansion in an undifferentiated
state; disassociating the adherent hES cell culture into a single cell suspension culture;
contacting the single cell suspension culture with a first differentiating culture
condition which allows for formation of hES-derived cell aggregates in suspension by
agitating the single cell suspension culture until such a period of time when the single
cell suspension culture forms a hES-derived cell aggregate in suspension, and thereby
generating a hES-derived cell aggregate in suspension. In preferred embodiments,
agitation of the single cell suspension culture is performed by rotation at about 80 rpm

to 160 rpm

[06622] The present disclosure also relates to methods for generating a hES-derived cell

aggregate in suspension from a hES-derived single cell suspension, by culturing a
hES cell in an adherent growth culture condition which allows for expansion in an
undifferentiated state; contacting the undifferentiated hES cell with a first
differentiating culturing condition suitable for differentiating the hES cell and
resulting in an adherent hES-derived cell; disassociating the adherent hES-derived cell
into a single cell suspension culture; contacting the single cell suspension culture with
a second differentiating culture condition which allows for formation of hES-derived
cell aggregates in suspension by agitating the single cell suspension culture until such
a period of time when the single cell suspension culture forms a hES-derived cell
aggregate in suspension, and thereby generating a hES-derived cell aggregate in
suspension. In preferred embodiments, agitation of the single cell suspension culture

is performed by rotation at about 80 rpm to 160 rpm.

[0023] The present disclosure also relates to methods for enriching or varying the composition

of the resulting cell culture and/or population of an hES-derived cell aggregate
suspension by optimizing the cell density of the pluripotent cell cultures or varying
the concentration of various growth factors, for example, FGF10, EGF, KGF, noggin

and retinoic acid, apoptotic inhibitors and Rho-kinase inhibitors.



[0023a]  In one aspect, there is provided a method of generating hES cell-derived cell aggregates
in suspension from a hES cell single cell suspension culture, comprising: (a) culturing hES cells in an
adherent growth culture condition which allows for expansion in an undifferentiated state; (b)
disassociating the adherent hES cell culture of step (a) into a hES cell single cell suspension culture;
(c) agitating the hES cell single cell suspension culture to form hES cell aggregates in suspension; and
(d) contacting the hES cell aggregates in suspension with a differentiating culture condition, thereby

generating hES cell-derived cell aggregates in suspension.

{0023b] In another aspect, there is provided a method of generating hES cell-derived cell
aggregates in suspension from a hES cell-derived single cell suspension culture, comprising: (a)
culturing hES cells in an adhberent growth culture condition which allows for expansion in an
undifferentiated state; (b) contacting the undifferentiated hES cells with a first differentiating
culturing condition suitable for differentiating the hES cells and resuiting in an adherent hES cell-
derived cell; (c) disassociating the adherent hES cell-derived cell into a hES-derived single cell
suspension culture; and (d) agitating the hES-derived single cell suspension culture to form hES-
derived cell aggregates in suspension; thereby generating hES cell-derived cell aggregates in

suspension.

8a
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BRIEF DESCRIPTION OF THE DRAWINGS

jo024] FIGURE | depicts real time RT-PCR expression analysis of ADAMIY,
Neuregahing, and ErbB1-3 in BGUIv grown in defined conditions {8 ng/ml. FGFI,
100 ngfmlL. LRAFGET, | ng/mib, Activin Ay, GAPDH and OCT4 conrol reactions are
mdicated,

[0028] FIGURE 2 depicts the mhibition of profiferation of BGO1v cells using AGE79.
BGH v cells were plated in G-well travs and exposed 1o DMSO (&), 30 nM-20 uM
AGHTS (B), or 100 mM-20 oM AGAT9 () 24 hours after plating. After 5 davs in
culture, the cultures were fixed and stained for atkaline phosphatase aciiviiy, AGI478
did not appesr to affect profiferation at these concentrations (20 sM shown in B). bwt
AGETY substantially slowed colt growth ar 3 aM(C).

0026] FIGURE 3 depicis the marphology of BGOIy cells cultwed i DCAHAIR,
which 18 defined culiure media containing 10 ngfml. HRG-§. 10 ngfml. Activin Al
200 ng/ml. LRAGFT and 8 nw/ml FGF2 (A and BY, and In defined colture media
(B0 containing 16 ng/ml HRG-B, 10 ngfml Activin A and 200 ngimb. LR-IGF1 (C
and D).

H0027] FIGURE 4 depicts the expression of ADAMIY, Neuregulint, and FrbB1-4 by
RT-PCR in mouse ES calls (A) and MEFs (B).

{6628 FIGURE § depiats the nhibition of ErbB1 and ErbB2 signaiing in mouse BS
cells. 2x10° Mouse RT ES cells were plated on 11000 MATRIGEL™ in 10% FBS,
1% KSR with 1000 Uiml. mouse LIF (ESGRO). The foliowmg day, DMSO (carrer
cartrol), 1-50 ud AGHTY, or 1-50 o AGR79 was added with fresh mediom. The
cuftures were fived on day 8, and stamed for atkaline phosphatase activite. DMSO
{A} and 130 uM AGI478 {B and ) did not overtly inhibil proliferation.  AGR79
substantially inhibited cell growth at 30 uM (compare D and F) and may have slowsd

proliferation al 20 uM (E)

[0029] FIGURE 6 depicts the inhibition of proliferavion of BOUZ cells grown
conditioned media (CM). (A} S0 M AGR23 mbibited probiferarion of BGOZ hESCs

9
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growmg in CM. (B} AGS23 mbibits ErbB2 Y1248 phosphorvlation in hESCs. ()
Colony counting of serial passaging of CvT49 hESCs in different combinations of
growth factors. (I3) Cell counting analvsis of the role of KGF! and HRG v BESC
proliferation using BGO2 cells (defty. (EY OCT4/DAPY immunostaining of a duplicaie
5 repeated experiment demonstrated that IGF! and HRG significantly increased the
proporiion of OCT4" cells compared lo AGA/RGE2 conditiors.  (F) RTK blotting
analysis of BGOL DC-HAIF hESCs starved of growh factors overnight: starved, then
pulsed with DC-HAIY for 13 minutes; or steadv-siate cultures are shown (efi). The

mean and range of normatized relagve intensity i plotted (right)

16 j0a30] FIGURE 7 depicts mouse ES cells grown in defined conditions with different
growlh factor combinations. (A3 shows the scoring of AP” colonies alter 25167 cells
were grown in different growth factor combinations for 8 dayvs. (B-G) show 4x

magnification images of AP colonies grown in different growth factor combinations.

{0631] FIGURE 8 depicts the characterization of human ES cells thal are maintained
in DOC-HAIF medium, {A) Analvsis of termomas from BGO2 DC-HAIF p2s cells

-._.
L4

demonstrated  pluripotent  differentiation  potential to ectodermy,  mesoderm  mnd
endedermt. (B} Imymimostaining of BGOZ cells cultured m 15% FCSS% KSR that
have differentiated. (C) Venn diagram of the disinbution of transcripts detected using
high densuty Hlununa Sentrix Homan-6 Expression Beadchips comtainmy 47,296
20 transcnipt probes i BGOZ cells mainiained in OM (64 pagsages) or DOHATF (10 or
32 passages in defined media) {1} Scatterplot analvsis demonstrating that the
irapscriptional profile of BGO2 DC-HAIF p32 cells is highly similas wo that of BGO2
cells mamtained v CM (top). and wes not substantially altered in sarly and late

passage cultures in DC-HAIF (bottom).  (E) Hierarchical clustening dendrogram of

o3
L

velagtve gene expression in different populations penerated using the Beadswudio

sofiware.

[0032] FIGURE 9 depots the morphology of cells cultured on humanizsd
extracellnlar matrices (RCMs) i the presence of DO-HAWF medivm, {A) CvT49 cells

{dilated }:200) growing on growth factor-reduced MATRIGEL™ (dilwed 1,200).

it
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CyT49 celis could also grow on tissue cutture dishes coated with (B) whote human
serum, {(C) human Ghronectin, and (B VITROGRO™,

10033] FIGURE 10 depicts the single-cell passaging of human ES celis.  (A-D)
Staged tmaging of BOOZ cells after passaging with ACCUTASE™ and platng about

Sx107 cells in 2 60 mm cutture dish, (A) 1.5 hours after injtial plating, showing viable

4

cells adhering to the dish. (B) At 20 hours post-plating, the large magjority of eells

have aggregated to form small colonies. These coloses expand by proliferstion by

dav 4, post-plating (C), and over the course of 5-6 dayvs to form an epithelial-like

monolaver covering the emtire dish (D). (E) Normal male karvotype demonstrated in
10 a BGO2 colture passaged 19 times with ACCUTASE™ in DC-HATF,

[0034] FIGURE 11 depicis coll morphology after single cell passaging of human ES
cells nsmg (A) ACCUTASEDL (B) 0.253% Trypsi'BDTA, () TrvpLE, or (D)

Versene.

{30358] FIGURE 12 depicts the large-scale growth of human ES cells cultwred in DC-

e

HAIF. (A} Flow cviomewic analvss of BGOZ cells after expansion >3 pells.
>85% of celle expressed OCT4, CDY, SSEA-4, TRA-1-81. (B) RT-PCR analvsis of
espression of markers of pluripotency OCTE, NANOG. REXY, SOX2, UTFL
CRIPTQ, FOXD3, TERT and DPPAS.  Markers of differentiated lineages, a-
fetoprotetn (AFP), MSX! and HAND! were pot detected. (C) Fluorescence in sity
20 hvbridizaion (FISH) using human chromosome-specific repeats demonstrated

maimenance of normal copy numbers for hChr 12,17, Xand Y.

0036} FIGURE 13 depicts the morphology (AY and normal karvotvpe (B) of hESC
BGO2 cells grown in defined media comprising HRG-§ and IGF1, but in the absence

of FGF2 for 7 passages, oy »2 months,

25 [B037) FIGURE 14 depicts a scatter plot analvsis of wanseripts from BESCs {BGU2)
thal are maintained in DO-HAIF (32 passages) or DC-HAL (10 passages). A large
propovtion of the expressed transcripts were detected i beth swmaples, and
transcription wad not subsisntiglly abered by culluring hESCs in the absence of

exopenous FGF2, Correlation cosfficients (R™) were generated using al! detected
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ranseripis with an expression kevel of »0 (all dots), or with transcripis exbibiting a
detection confidence Jevel of »0.99 (R7 select, dots ndicated by dashed oval). Angled

Iines delineate the roean and limiis of a 2-fold difference.

[638] FIGURE 15 depicts a hierarchical clustenng dendrogram of relative gene

25

exprassion in diffsrent populations of early and late passage BGOZ cells maintaiped in
DC-HAIF, Cells clustered tghtly (~0.0075) and retained a close sinularity to BGO2
and BGO3 colls maiptained in conditioned madium (CM) (~0.037). BGOZ celks
maintained in DC-HAD also clustered tightly with the other hESC populations
examined. By way of explanation in FIGURE 135, CM s Conditioned Mediam: DC s
16 defined culbure medium, DC-HAIF as defined above; ap 8 ACCUTASE™ single call

passaging; DC-HAT is idemical o DC-HALF ag defined herein, except without FGFZ

0039 FIGURE 16 depicis the morpholtogy and alkating phosphatase stasming of
BGH2 cells cultured in DO-HAIF in 96-wel and 384-wel) plates. {A) Phase comprast

imaging and (B) atkaline phosphatase staiming of BGHZ calls {107 celisiwell) growing

e

in one well of a Obewell plate.  {C) Phase contrasl mmging and (D) alkaline
phosphatase staining of BGE2 cells (107 cellsiwell) growing in one well of a 384-well

plate.

[004G] FIGURE 17 depicts dark field mmages of BGO2 grown m DC-HAIF in
suspension culture. Dav 2 and day 6 cultyres are shown. The imgges were caplursd

20 using 4x magnification

H0041] FIGURE 18 depicts the growth rates in adbherent and suspension cultures in
DC-HAIF. 1310 BGO2 cells were plated into paraltel wells in adherent and

suspension culture and cefl counts were performed on dayy 1-6.

0042] FIGURE 19 depicts gPCR analysis of suspension and adherens hESCs, BGQZ
25 cells growing in suspension (8. hESCs) and adberent (hESCs) calture exhibited
comparable levels of OCT4, and lacked SOX17 espression.  Adherent cells
differentiated to definttive endoderm (DE3, and suspension hESCy differentiated o
definitive endodernt n suspension (8. DE d3). both exhibited the sxpecied marked

down regulation of OCT4 and up regulation of SOX17 exprassion
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18043 FIGURE 20 depicts the enhancement of hESC aggrepation in the presence of
V27632 in suspension culture. 2x10° BGO2 cells were seeded in 3 ml DC-HAIF or
DCHALF + V27630, in 6well trays, n an incubator on g rotating platform at 106

rpin. Images of aggregmies were captured on days 1 and 3.

) i

75

{6044] FIGURE 21 depicis RT-PCR analvsis of suspension aggregates in the
presence of Y27632. RT-PCR was performed on the expanded cultures to assess
expression of markers of pluripoiency. Espression of OCUT4, NANDG, REX ], SOX2.
CUTFL, CRIPTO. FOXDI, TERT AND DPPAS was detected. whereas markers of
differentigted linegages AFP. MEX1 and HAND1 were not datectzd.

10 (0048 FIGURES 22 A-N are bar charts showing the expression patierns of marker
genes OCTY (panel A), BRACH (panel B), SOX17 (panel ), FOXAZ or HNF3beta
{panel D). HNFibeta {panel By, PDXI {panel F) NKX6. | {panel ), NKX2.2 (panel
H), INS (pane! IY. GCG (panel 1), S8T {pme) K). SOX7 (panel L), ZICT {panel M),
AFP (panel N} HNF4A {paned (O} and PTF1A (panel P}, which is not an exhaustive

fist but markers which can be used o idenify pluripolent uman embryonic siem

—_—
I

{hBS) colls (stagetn d0), defimtive endoderm cells (sagel. d2) PDXl-negative
foregut endoderm cells (stage2; d3), PDX{-postiive endoderm cells {stage3. dR).
pancreatic endoderm cells (staged: dil), pancreatic endocrine precursors andior

hormone secreting cells {stages; di5)

26 0046] FIGURE 23 is a graph showing the range of the diameters of the cefl
agpragates in suspension (microns) in relationship 0 the fotal volume (ol) of wedia

in the culture,

160477 FIGURES 24 A-D are bar charts showing the expression patterns of marker
genes PDXT (panel AY NKX6.1 {panet B), NGN3 fpanel C) and NKX2.2 {pansl D) in
25 hES-derived cells in relationship 1o the cell densite of the hES cell cultures from

which they were derived.
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DETAILED DESCRIPTION OF THE INVENTION

[0048] In contrast to previously known methods of tissue engineering which are
based on seeding individual cells into polymer scaffolds, matrices and/or gels, the
methods described herein use cell aggregate suspensions formed from pluripotent hES
single cell suspensions or hES-derived (differentiated) single cell suspensions as the
building blocks of tissue formation. Cell aggregates are often comprised of hundreds
to thousands of individual cells, connected through junctional adhesions and
extracellular matrix that collectively contribute to the final differentiated product. In
this regard, cell aggregates can be defined as a type of tissue that provides a number

of performance advantages relative to more traditional engineered tissues.

{0049] In one embodiment of the invention, methods are provided for producing hES
cell aggregate suspensions from a singlecell suspension of pluripotent stem cell
cultures or hES-derived cell cultures. The pluripotent stem cell can be initially
cultured on fibroblast feeders, or they can be feeder-free. Methods of isolating hESC
and culturing such on human feeder cells was described in U.S. Patent No. 7,432,104
entitted METHODS FOR THE CULTURE OF HUMAN EMBRYONIC STEM
CELLS ON HUMAN FEEDER CELLS. Pluripotent ES cell aggregate suspension
cultures made directly or initiated from hESCs cultured on feeders avoid the need for
making hESC monolayers, for example, as in adherent cultures. These methods are

described in detail in Examples 17 and 18.

[0050] Other embodiments of the invention provide for methods of producing cell
aggregate suspensions directly into a differentiation media, e.g., -a differentiating
media an agent, preferably a TGF family member, which is capable of activating a
TGFp family of receptor. Such agents include but are not limited Activin A, Activin
B, GDF-8, GDF-11, and Nodal. Methods of producing cell aggregate suspension in a
differentiation media is distinguished from other methods, also described herein,
which provide for production of cell aggregate suspension cultures in a pluripotent

stem cell media, e.g., StemPro.

14
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[O051] Sull other embodiments of the inventon provide for methods of producing
cell aggregate suspensions formed from differentiated hES cell cultures (also referrad
10 as “hES-derived celi cultures™ or “hES~derived cali(s)™), o.p.. calls from stagas 1, 2,
3, 4 and 5 as described in d"Amour 2005 and 2006, swpra. Hence, methods for
making the cell aggregates described herein are not limited to any one pluripotent or
multipotent stage of & hES or hES-derived coll, rather the mamer of use and need for
cell twpe optimization will dictale winch methods are preferred. These methods are

described i detall in Examples 1922,

[8052} in another embodiment of the nvention. methods are provided for controfling
the resulting cell composition, e.g.. confroliing the percentage of pancreatic endoderm
cells, pancreatic endocrine cells and/or PDX1-gudodermi cells, by varving the
concantration of different growth factors. These methods are described in detatl in

Example 21

{0033] Unless otherwise neted, the terms used herein arve 10 be undarstood according
o conventional usage by those of ordinary skill in the relevant art. In addition (o the
definitions of torms provided below, definitions of common terms in motecutar
bictogy may also te found in Rieger ef al. 1991 Glogsary of genetics: classical and
molecutar, Sth Bd., Berbn: Springer-Verlag: and in Current Protocols in Molecular
Biology, F.0L Aosubel ef o, Bds., Current Protocols, a joint venture betwaen Ureeng
Publishing Associates, tac. and John Wiltev & Sons, Inc.. (1998 Sopplement). Yt is 1o
be understood that as used in the specification and in the claims, 2" or “an” can mean
ope.of more, depending upon the context s which # 15 wsad, Thas, for example,

veference 10 “r cell” can mean that st least one cafl can be wtilized.

[0054] Alse, for the purposes of this specificaion and appended claims. anless
otherwise indicated, all numbers expressing quantties of ingredients, perceniages or
proportons of materials, reaction conditions, and other numenical values used in the
specification and clatms, are 10 be understood as being modified in ] instances by
the term “aboul”.  Accordingly, unless indicated {o the comtrarv, the numernical
parameters sel forth in the following specification snd attached claims are

approximations that may vary depending upon the desired properties sough! o be

s
s
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obtained by the present invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the number of reported significant

digits and by applying ordinary rounding techniques.

[0055] The present invention provides methods for production of hES-derived cell
aggregates from hES-derived single cell suspensions. Because various mechanical
and non-physiological factors effect movement and aggregation of cells in culture, the
fluid mechanical micro-environment that correlates with optimal cell aggregate
viability and performance, as well as to provide a normalizing variable that can be
used for scale-up, it was necessary to characterize the movement of cells growing or
differentiating in various culture vessels, dishes and bioreactors and the effects, if any,
of various media conditions on the cells. Some of these factors include but are not
limited to, shear rate and shear stress, cell density and concentration of various growth

factors in any cell medium.

[0056] Shear rate and shear stress are mechanical characteristics that define the fluid
shear within a system. Shear rate is defined as the fluid velocity over a given distance
and is expressed as sec”'. Shear rate is proportional to shear stress where shear rate (v)
= shear stress (t)/viscosity (). Shear stress is defined as the fluid shear force acting
tangentially to the cell surface and is expressed as force per unit area (dyne/ecm” or
N/m?). Shear stress can be generated by agitated liquid moving past static cells,
agitated cells moving through static liquid or by cells moving within an agitated,
dynamic fluid environment. Fluid viscosity is typically measured in poise where 1
poise=1 dyne sec/em?® = 100 centipoise (cp). The viscosity of water, one of the least
viscous fluids known, is 0.01 cp. The viscosity of a typical suspension of eukaryotic
cells in media is between 1.0 and 1.1 cp at a temperatare of 25 °C. Both density and

temperature can affect the viscosity of a fluid.

[0057] Fluid velocity also dictates whether the flow will be laminar or turbulent.
Laminar flow occurs when viscous forces dominate and is characterized by smooth,
even streamlines at low velocities. In contrast, high velocity and inertial forces

dominate during turbulent flow, which is characterized by the appearance of eddies,
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vortices and chaotic Huctuations in the flow across space and nme, A dimensioniess
vatue known as the Reynold’s number {Re} is tvpically used to quantify the presence
of taminar or turbudent flow. The Reyvoold s nurmber 1s the ratio of inertial o viscous
forces and is quantitaed as {dengitv*velociv®length scaley/(viscosity). Laminar flow
dorminates with Re<Z300 while trbulent flow dominates when Re>4000. Based on
this relationship with fluid velooity, the Reynold's number and thus the degree io
which fuid flow is lamsinar or turbulent is directlv proportional o the shear rate and
shear siress experienced by cells in suspension. However, high shear stress conditions
can be generated in both laminar and twrbalent Suid environments. Imgally, there s a
rerdency for liguid to resist movement, with the fluid closest to a solid surface
experiencing altractive forves that generate a boundary laver or a region of no-flow
ymmediately adiacent 1o the surface. This creates a gradient in fhud valocity from the
surface to the center of the fluid flow. The stespness of the velocity gradient 1 a
function of the speed at which the bguid is moving and distance from the bousdary
taver 1o the region of highest fluid velocity. As the liquid flow raie through or around
a containgr accelerates, the velocity of the flow overcomes the viscosity of the hguid
and the smooth, laminar gradsent breaks down producing turbulent flow. Thomas et
al. showed that cell Ivsis under nebulent conditions oceurs most frequently o regions
of locally high shear stress and high energy dissipation rates. Seg¢ Thomas et al,
{1994} Cviotechnology 15 329-335. These regions appear randomiy bt ars ofien
found near (e boundary laver where the veloctty gradient s highest These random
fluctustions in fluid veleeity can generate regions of very high shemr stress that
wlimately can have a nepative effect on the scale-up of cell culnwre-based
manufaciuring svstems. Thus, a need existy for methods that can maintam cell density
and viability m a mammalian cell culture manufbctaring scale-up svsters by

controfling the major sources of shear forces 1n such systems.

(6058] Following methods provided by Henzder (Henxler, 2000, Particle stress n
bioreactors, I ddvances in Biochenueal Enginecring:Riotechnology, Scheper, T. Ed.
Springer-Verlag, Berlin) and Colomer et al. (Colomer, 1 et al. 2005, Experimendal
snalvsis of coagulation of particles under low-shear flow. Fater Rey. 39:2994). fluid

mechanical properties of the bulk fuid i a rotating S-well dish were caleulated. The

17
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Dimensioniess  Swess 15 equal  to  the trbulence  constant™(aggregate
diameterKolmogoroy's Microscale) turbulence exponent. Shear Stress is equal to the
Dimensionless Stress™uid denstiv*(kinematic viscosity®powar puty™3. Shear
Rate is equal the Shear Stress/kinernatic viscosity, For caleulation of the power input
5 and Kolmogorov's Microscale. the Revnold’s number is required at each rotation rate
and is equal fo the {rotation rawe®flask diameter) 2/viscosity. As both the power inpat
and Kolmogoroy's Microseale are funciions of the Revnold's Number. all shear stress

and shear rate calculations vary with rotation rate.

[0059] Morzover. shear stress and shear rate are functions of the Dimensioniess
16 Stress, which depends on the diameter of formung aggregstes, thus the shear stresy and
rate experienced by ageregates is expected 1o wmcrease will e n rotation. Example
catculations are shown in Example 17 for aggregate diameters between 100-200um
and rotation speeds between 60-140 rpm. These methods were used to provide an

estimation of the average shear i the bulk fluid over time. However, it is expected

—
.

that the shear stress at the wall of the vessel will be the highest due to boundary
effects. To estimate wall shear siress, Ley et al.| proposed that wall shear siress in a 6+
well dish is equal to the radivs of gyration™(density dynamic viscosiy* (2 pi*rotation
rate}"3)°0.5. Using this approach, the wall shear stress was caloolated for rotation
speeds ranging from 60mpm 1o 140rpm and Is shown in Example 18, Note that, unbike
20 the time-gveraged shear stvess that is experienced by aggregates in the bulk fluid, the

shear stress ocourring at the wall s mdependent of aggregate diameter.

(606081 Cutture cell density 15 also a factor ontical 1o the tssue functien and 1s difficult
o achieve snd/or optimize in traditional tissue which are 2-dimensional (eg.,

adhereny engineered constructs). The effect of cell density on differentianion s

12
AR

described in more detail in Bxampte 20  Cell aggregaies may overcome this
junitaion by assuming an organized 3-dimensional (3D} architecture thal more
accurately reflects an fa wvo cellular density and conformation. As a result. the penod
of time for the cells to achieve their intended structure can be significantly reduced
andi/or nmiade more congistent and afficiens. Moreover, cells in the 3D aggregate format
3¢ mav differsatinte and function more optimelly, as this archifecture more closely

resembies normal physiclogy than adberent cultures. In addition, the mechanical
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hardship involved in the manufacturing process is less damaging to cell aggregates
that are free-floating in suspension culture as compared to the mechanical hardship,

for example, in an adherent culture.

[0061] Typical manufacturing-scale suspension culture also utilizes continuous
perfusion of media as a method for maintaining cell viability while maximizing cell
density. In this context, media exchange contributes fluid shear to the culture affecting
adherent cells and suspended aggregates differently. Immobile adherent cells are
subject to fluid shear stress as the media flows tangentially across the cell surface. In
contrast, suspended aggregates experience significantly less shear stress across the

aggregate surface, as aggregates are free to tumble in response to applied shear force.

- It is expected that prolonged shear stress will be detrimental to adherent ES cells and

that the suspended aggregate format is preferred for optimal survival and function.
Thus based on a need for an efficient manufacturing process for production of
pluripotent stem cells and/or multipotent progenitor cells derived from pluripotent
stem cells and the above observed mechanics relating to shear rate and shear stress,
the present invention provides for the first time methods of manufacturing for
production of pluripotent stem cells and/or multipotent progenitor cells derived from
pluripotent stem cells in suspension format, in particular, cell aggregate suspension

format.

[0062] As used herein, “single cell suspension” or equivalents thereof refers to a hES
cell single cell suspension or a hES-derived single cell suspension by any mechanical
or chemical means. Several methods exist for dissociating cell clusters to form single
cell suspensions from primary tissues, attached cells in culture, and aggregates, e.g.,
physical forces (mechanical dissociation such as cell scraper, trituration through a
narrow bore pipette, fine needle aspiration, vortex disaggregation and forced filtration
through a fine nylon or stainless steel mesh), enzymes (enzymatic dissociation such as
trypsin, collagenase and Acutase), or a combination of both. Further, methods and
culture media conditions capable of supporting single-cell dissociation of hES cells is
useful for expansion, cell sorting, and defined seeding for multi-well plate assays and
enable automatization of culture procedures and clonal expansion. Thus, one

embodiment of the invention provides methods for generating a stable
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single-cell enzymatic dissociation hES cell or hES-derived cell culture system capable of
supporting long-term maintenance and efficient expansion of undifferentiated, pluripotent
hES cell or differentiated hES cells.

[0063] As used herein, the term “contacting” (i.e., contacting a cell e.g., a differentiable
cell, with a compound) is intended to include incubating the compound and the cell
together in vitro (e.g., adding the compound to cells in culture). The term “contacting” is
not intended to include the in vivo exposure of cells to a defined cell medium comprising
an ErbB3 ligand, and optionally, a member of the TGF- family, that may occur naturally
in a subject (i.e., exposure that may occur as a result of a natural physiological process).
The step of contacting the cell with a defined cell medium comprising an ErbB3 ligand,
and optionally, a member of the TGF-§ family, can be conducted in any suitable manner.
For example, the cells may be treated in adherent culture, or in suspension culture. It is
understood that the cells contacted with the defined medium can be further treated with a

cell differentiation environment to stabilize the cells, or to differentiate the cells.

[0064] As used herein, the term “differentiate” refers to the production of a cell type that
is more differentiated than the cell type from which it is derived. The term therefore
encompasses cell types that are partially and terminally differentiated. Differentiated cells
derived from hES cells are generally referred to as hES-derived cells or hES-derived cell
aggregate cultures, or hES-derived single cell suspensions, or hES-derived cell adherent

cultures.

[0065] As used herein, the term “substantially” refers to a great extent or degree, e.g.
“substantially similar” in context would be used to describe one method which is to great
extent or-degree similar or different to another method. However, as used herein, the
term “substantially free”, e.g., “substantially free” or “substantially free from
contaminants," or “substantially free of serum” or “substantially free of insulin or insulin
like growth factor” or equivalents thereof, is meant that the solution, media, supplement
and excipient, is at least 98%, or at least 98.5%, or at last 99%, or at last 99.5%, or at least
100% free of serum, contaminants or equivalent thereof. In one embodiment, there is

provided a defined culture media with no serum, or is 100%
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serum-free, or is substantially free of serum. Conversely, as used ‘herein, the term
“substantially similar” or equivalents thereof is meant that the composition, process,
method, solution, media, supplement and excipient is meant that the process, method,
solution, is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%

similar to that previously described in the specification herein.

[0066] In certain embodiments of the present invention, the term “enriched” refers to
a cell culture that contains more than approximately 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%., 90%, or 95% of the desired cell lineage.

[0067] As used herein, the term “effective amount” or equivalents thereof of a
compound refers to that concentration of the compound that is sufficient in the
presence of the remaining components of the defined medium to effect the
stabilization of the differentiable cell in culture for greater than one month in the
absence of a feeder cell and in the absence of serum or serum replacement. This

concentration is readily determined by one of ordinary skill in the art.

[0068] As used herein, the term “express” refers to the transcription of a
polynucleotide or translation of a polypeptide in a cell, such that levels of the
molecule are measurably higher in a cell that expresses the molecule than they are in a
cell that does not express the molecule. Methods to measure the expression of a
molecule are well known to those of ordinary skill in the art, and include without
limitation, Northern blotting, RT-PCR, in situ hybridization, Western blotting, and

immunostaining,.

[6069] As used herein when referring to a cell, cell line, cell culture or population of
cells, the term “isolated” refers to being substantially separated from the natural
source of the cells such that the cell, cell line, cell culture, or population of cells are
capable of being cultured in vitro. In addition, the term “isolating” is used to refer to
the physical selection of one or more cells out of a group of two or more cells,
wherein the cells are selected based on cell morphology and/or the expression of

various markers.

21



10

15

20

25

30

[0070] The present invention may be understood more readily by reference to the
following detailed description of the preferred embodiments of the invention and the
Examples included herein. However, before the present compositions and methods
are disclosed and described, it is to be understood that this invention is not limited to
specific nucleic acids, specific polypeptides, specific cell types, specific host cells,
specific conditions, or specific methods, as such may, of course, vary, and the
numerous modifications and variations therein will be apparent to those skilled in the

art.

[0071] Standard techniques for cloning, DNA isolation, amplification and
purification, for enzymatic reactions involving DNA ligase, DNA polymerase and
restriction endonucleases, and various separation techniques are those known and
commonly employed by those skilled in the art. A number of standard techniques are
described in Sambrook et al., 1989 Molecular Cloning, Second Edition, Cold Spring -
Harbor Laboratory, Plainview, New York; Maniatis et al., 1982 Molecular Cloning,
Cold Spring Harbor Laboratory, Plainview, New York; Wu (Ed.) 1993 Meth.
Enzymol. 218, Part I; Wu (Ed.) 1979 Meth. Enzymol. 68; Wu et al, (Eds.) 1983
Meth. Enzymol. 100 and 101; Grossman and Moldave (Eds.) 1980 Meth. Enzymol.
65; Miller (ed.) 1972 Experiments in Molecular Genetics, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York; Old and Primrose, 1981 Principles of
Gene Manipulation, University of California Press, Berkeley; Schleif and Wensink,
1982 Practical Methods in Molecular Biology; Glover (Ed.) 1985 DNA Cloning Vol.
I and II, IRL Press, Oxford, UK; Hames and Higgins (Eds.) 1985 Nucleic Acid
Hybridization, IRL Press, Oxford, UK; and Setlow and Hollaender 1979 Genetic
Engineering: Principles and Methods, Vols. 1-4, Plenum Press, New York.
Abbreviations and nomenclature, where employed, are deemed standard in the field

and commonly used in professional journals such as those cited herein.

[0072] The invention relates to compositions and methods comprising a basal salt
nutrient solution and an effective amount of an ErbB3 ligand, with the compositions
being essentially free of serum. The compositions and methods of the present
invention are useful for culturing cells, in particular, differentiable cells. It is

understood that at different points during culturing the differentiable cells, various
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components may be added to the cell culture such that the medium can contain
components other than those described herein. It is, however, contemplated that at
least at one point during the preparation of the culture, or during the culture of the
differentiable cells, the defined medium comprises a basal salt nutrient solution and a

means for activating ErbB2-directed tyrosine kinase.

[0073] Although a basal salt nutrient solution as described herein is employed to
maintain cell growth and viability of hES cells, in other embodiments of the
invention, alternative stem cell culture medias to maintain pluripotency or for
differentiation of the pluripotent cells, work in substantially similar means, including
but not limited to KSR (Invitrogen), or xeno-free KSR (Invitrogen), StemPro®
(Invitrogen), mTeSR™] (StemCell Technologies) and HEScGRO (Millipore), and
DMEM based media.

{6074] In another embodiment, hES cells are cultured in the defined media described
herein in the absence and/or presence of extracellular matrix proteins (ECM), e.g.,
MATRIGEL. Human ES cells cultured in the absence of ECM contain about 0.5 to
10% human serum (hS) or hS retentate fractions from a 300K and/or 100K cut-off
spin column (Microcon). The hES cell aggregate suspensions can be produced by
directly incubating the hES cells into the media containing hS or hS retentate
fractions; or after incubating the culture vessels with the hS or hS retentate fractions
for about 30 min., 1 hour, 2 hours, 3 hours, 4, hours, 5 hours, 6 hours, 12 hours, and
24 hours at 37°C. The plating efficiency for the hES cells in the hS or hS retentate
fraction containing media was comparable to that observed in hES cells cultured in
DC-HATF as described in PCT/US2007/062755, or cultured in DC-HAIF media using
MATRIGEL™ as an ECM, or other similar matrices. Methods for culturing hES
cells in a defined media substantially free of serum is described in U.S. Application
Serial No. 11/8875,057, filed October 19, 2007, entitled METHODS AND
COMPOSITIONS FOR FEEDER-FREE PLURIPOTENT STEM CELL MEDIA
CONTAINING HUMAN SERUM.
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{0075 Sull i another embodiment, hES cell ggprepate suspensions were cultured in
a media substantiallv free of serum and further in the absence of sxogenously added
fibroblast growdh factor (FGFY. This i distinguished from US. Patent No. 7,005,252
to Thomson, I, which requires culturing hES cells in & media withow serum but

contamung exogenousty added growth factoss. inclading FOF.

{0076} Cellular regulation can be effected through 1he tansduction of extraceliuiar
stgnals across the membrane that. in tum, modulates biochemical pathways within the
cell. Protein phosphorviation represemis one cowrse by which intracellular sipnals are
propagated from molecule fto molecule resulting Gnally in a cellular response. Thess
signal transdoction cascades are highly regulated and often ovetlapping as evidenced
by the existence of many protein kinases as well as phogphatases. It lag been reporied
that in humans, protem tyrosine kinases are known o have a significant role i the
development of many disease states mchuding diabeles. cancer and have also been
finkad to 3 wide variety of congemital syndromes. Serine threoaine kinases. e.g., Rho
kinases. are & olass of exavmes. whach if inhibited cap have relevance o the treatment
of human disease, including diabetes, cancer, and a variete of inflammatory
cardiovascular disorders and AIDS, The majority of inhibitors identified/designed to
date act at the ATP-binding stte. Such ATP-competitive inhibitors have demonstrated
selectivity by virtee of thesr abilizy (o target the more poorly conserved areas of the
ATP-binding site.

(6077 The Rho kinase family of small GTP binding proteins contains at leasy 10
members mchuding Riw A-E and G, Rac 1 and 2, (ded2, and TCIY The inhibitor 18
often referred to as ROK or ROCK inhubitors, and they are used merchangeably
herein. The affector domains of RhoA. RboB, and RhoC have the same aminog acid
sequence and appear to have uimular wtraceliular targets, Rho kKinsse operaies as a
primary downstraam mediator of Rho and exisls a two isoforms: o (ROCKZ) and B
{(ROCK1). Rho kingse fanuly protems have g omtabviie {(kinase) domuain it oz N-
ternunat domain, a coiled-cotl domain in its muddie portion, and a putstive plecksirin-
homology (PH) dorain in its C-termunal domain. The Rho-binding domain of ROCK
i5 localized in the C-termunal porton of the colled-cotl domain and the hinding the

GTP-bownd form of Rho results m enhancement of kinase sctivite. The Rho/Rho-
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kinase-mediated pathway plays an important role in the signal transduction initiated
by many agonists, including angiotensin II, serotonin, thrombin, endothelin-1,
norepinephrine, platelet-derived growth factor, ATP/ADP and extracellular
nucleotides, and urotensin II. Through the modulation of its target effectors/substrates
Rho kinase plays an important role in various cellular functions including smooth
muscle contraction, actin cytoskeleton organization, cell adhesion and motility and
gene expression. By virtue of the role that Rho kinase protein play in mediating a
number of cellular functions perceived to be associated with the pathogenesis of
arteriosclerosis, inhibitors of this kinase may also be useful for the treatment or
prevention of various arteriosclerotic cardiovascular diseases and involved in
endothelial contraction and enhancement of endothelial permeability which is thought
to progress atherosclerosis. Hence, in other embodiments of the invention, agents
which promote and/or support cell survival are added to various cell culture media,
for example, Rho-kinase inhibitors Y-27632, Fasudil, and H-1152P and ITS
(insulin/transferrin/selenium; Gibco). These cell survival agents function, in part, by
promoting re-association of dissociated hES cell or hES-derived cultures, e.g., foregut
endoderm, pancreatic endoderm, pancreatic epithelium and pancreatic progenitor
populations, particularly dissociated pancreatic endoderm and pancreatic progenitor
populations. Increase in survival of hES or hES-derived cells was achieved
independent of whether the cells were produced from cell aggregates in suspension or
from adherent plate cultures (with or with no extracellular matrix, with or without
serum, with or without feeders),. Increase in survival of these cell populations
facilitates and improves purification systems using a cell-sorter and, therefore allows
improved recovery of the cells. Use of Rho kinase inhibitors such as Y27632 may
allow for expansion of hES-derived cell types as well by promoting their survival
during serial passaging dissociated single cells or from cryogenic preservation.
Although, Rho kinase inhibitors such as Y27632 have been tested on hES and hES-
derived cell cultures, Rho kinase inhibitors can be applied to other cell types, for
example, in general, epithelial cells including but not limited to intestinal, lung,

thymus, kidney as well as neural cell types like pigmented retinal epithelium.
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F078] As used hersin, the term “differentiable cell™ is used to describe a2 cell or
poputation of cells that can differantiate mio at least partially mature cells, or that can
partcipate in the differentianon of cells, cg. foge with other cells. that can
differentiate imfo al least partally mature cells. As used herein, “partially nuure
cells” “progenitor cells™, “mmmature cells™, “precursor cefls™, “multipotent cells”™ or
aquivalents theveol and also mclude those calle which are lerminally differentiated.
e.g., definitive endoderm cells, PDX1-negative foregut endoderm celis, PDXI-
positive pancreatic endoderm cells which further include PDX1-positive pra-
pancreatic endoderm cells and PDX 1 -positive pancreatic endodarm p cells. All are
cells that exhibi at least one characienstic of the phenotype, such as morphology or
protein expression, of & mature cell from the same organ or tissue but can forher
differentiate info ar least one other cell tvpe. For example. a normal, mature
hepatoovie tpically  expresses such proteins v afbumin, Obvincgen, alphe-i-
antitrypsit, prothrombin clotting factors, transfertn, and detoxiffcation enzyres such
as the cviochrome P~450s, among others. Thus, as defined in tha present invention, 2
“partiafly mature hepatoovie” may express albumin or another ope or more proteins,

or begin to take the appearance or function of & normal, matwre hepatocyie.

10079 in contrast to call agyregates produced by previowsly known methods that may
vary in both sive and shape, the cell aggregates and methods deseribed herein have a
narrow size and shape distribution, te., the cell apgregates are substantially uniform
in size andéor shape. The sive uniformity of the cell aggregates is critical for
differentiation performance and the culare homogenerty. Applving basic mass
frangport analvsss {0 the aggregates, U s expected thaw diffusion of ouvgen and
nutrients into the center of large agyregates will be slow comparad o diffusion o
siatler apgregates, asswming equal permeabiliny. As differentiation of aggregated ES
cells info pancreatic lineage cells 55 dependent on lhe temporal application of specific
growth Factors. a cubture with a mixture of aggregates of different diameters is lkek
10 be de-svnchronized as conparsd © a uniform {size and shape) culiure of cell
appreesies. This mixture of cell aggrepates gives nse 1o heterpgeneity and may rasult
i poor differentiation performance and vltimately not tend fself o being amenable ©

manulacturing, scale~up, and production. The cell ageregates used herein can he of
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various shapes, such as, for example, a sphere. 2 ovlinder (preferably with equal
height and diameter}, or rod-like among others. Although other shaped avyregates
may be used. i one embaodiment of the nvantion, it is generally preferable that the
cell aggregates be sphevical or eylindrical. In another eynbodiment, the cell aggregates
5 are spherical and substentially uniforny in size and shape. For instance, if the cell
segeregatas differ in sive or are not aniform, I will be difftenl( 1o reliably mamdactore
and perform large scale-up provesses of the cells. Hence, as used berein, the phrase
“substantialty uniform™ or “substantially uniform i size and shape” or sguivalents
thereot, refers to the spread m aniformity of the aggregates and is nat mwore than about

16 290%. In another erobodiment, the spread in uniformity of the apgregates s not more

than abowt 15%, 10% or 3%,

[0086] Although the exact number of cells pear aggregate 1s not crivical, it will be
recognized by those skilled in the art that the size of each aggrepate (and thus the
number of cells per aggregale} Is limited by the capactty of oxvgen and nuttients {o
15 diffuse (o the central cells. and that this number may also vary depending on cell type
and the nutritive roguirements of that cell tvpe Cell agprecates mav comprise a
minimal number of cells (g, two or tuee cells) per aguregate, or may comprise
nreny bundreds or thowsands of cells per aggregate. Tg:picaﬁy, cell aggregates
comprise hundreds © thousands of cells per aggregate. For purposss of the present
20 nvention, the cell sggressies are wwpicallv from about 30 microns to about 606
microns in size, although, depending on celt type, {he size may be less or greater than
this range. In one embodiment, the cell aggregates are from about 50 microns fo abow
250 mucrons I size, of about 75 to 200 microns m sixe, and prefersbly they are about
100 o 130 microns m size. in contrast, cvlindoical or non-spherical cell apuregates
25 wihich may occwr in suspension are those aggregates whersby the dimmeter, as based
on the minor and major aves {e.g., X, Y and 7}, are not egual.  These non-spherical
cell aggregates tend 1o be larger in size, about 300 nmucrons to 60 nucrons in diameter
and herght. Howsver, m the methods described herein, these pon-spherical ES cel
aperegstes become spberical once differentiation is initiated if they were not already.
3 Non-spherical cell aggregatey include but ave not limtted to evlindrical and cuboidal

call aggregates, but are still uniform in size and shape.



10

15

20

25

30

[0081] Many cell types may be used to form the cell aggregates described herein. In
general, the choice of cell type-will vary depending on the type of three-dimensional
construct to be engineered (e.g. various organ structures including pancreas, liver,
lung, kidney, heart, bladdér, and blood vessels). For example, if the three dimensional
structure is a pancreas, the cell aggregates will advantageously comprise a cell type or
types typically found in a pancreas (e.g., endocrine cells such as insulin, glucagon,
ghrelin, somatostatin type cells, as well as endothelial cells, smooth muscle cells).
One skilled in the art can choose an appropriate cell type(s) for the cell aggregates,
based on the type of three-dimensional tissue or organ to be desired. Non-limiting
examples of suitable cell types include stem cells (e.g. adult and embryonic),
contractile or muscle cells (e.g., striated muscle cells and smooth muscle cells), neural
cells (e.g., glial, dendritic and neurons), connective tissue (including bone, cartilage,
cells differentiating into bone forming cells and chondrocytes, and lymph tissues),
parenchymal cells, epithelial cells (including endothelial cells that form linings in
cavities and vessels or channels, exocrine secretory epithelial cells, epithelial
absorptive cells, keratinizing epithelial cells (e.g. keraﬁinocytes and corneal epithelial
cells), extracellular matrix secretion cells, mucosal epithelial cells, renal epithelial
cells, fung epithelial cells and mammary epithelial cells, and undifferentiated cells

(such as embryonic cells, stem cells, and other precursor cells), among others.

[0082] The cell aggregates described herein can be homo-cellular aggregates or
hetero-cellular aggregates. As used herein, “homo-cellular”, “mono-cellular™ cell
aggregates ot equivalents thereof refers to a plurality of cell aggregates in suspension,
wherein each cell aggregate comprises a plurality of living cells of substantially a
single cell type, e.g. methods for producing hES cell aggregates described herein can
be substantially homo-cellular, consisting substantially of pluripotent hES cells,
consisting of substantially of definitive endoderm cells, foregut endoderm cells,
consisting substantially of pancreatic endoderm cells, which can further include
PDX1-positive pre-pancreatic endoderm cells, PDX1-positive pancreatic endoderm
cells, PDX1-positive pancreatic endoderm tip cells, pancreatic endocrine precursor

cells and pancreatic endocrine cells.
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[6083] As used herein, the term “essentially” or “substantially” means either a de
minimus or a reduced amount of a component or cell present in any cell aggregate
suspension type, €.g., cell aggregates in suspension described herein are “essentially
or substantially homogenous”, “essentially or substantially homo-cellular” or are
comprised of “essentially hES cells”, “essentially or substantially definitive endoderm
cells”, “essentially or substantially foregut endoderm cells”, “essentially or
substantially PDX1-negative foregut endoderm cells”, “essentially or substantially
PDX1-positive pre-pancreatic endoderm cells”, “essentially or substantially PDX1-
positive pancreatic endoderm or progenitor cells”, “essentially or substantially PDX1-
positive pancreatic endoderm tip cells”, “essentially or substantially pancreatic
endocrine precursor cells” and “essentially or substantially pancreatic endocrine

cells”.

[0084] Some of the substantially homo-cellular cell aggregate suspension cultures are,
for example, hES-derived cell aggregate suspension cultures which comprise less than
about 50% hESCs, less than about 45% hESCs, less than about 40% hESCs, less than
about 35% hESCs, less than about 30% hESCs, less than about 25% hESCs, less than
about 20% hESCs, less than about 15% hESCs, less than about 10% hESCs, less than
about 5% hESCs, less than about 4% hESCs, less than about 3% hESCs, less than
about 2% hESCs or less than about 1% hESCs of the total hES-derived cells in the
culture. Stated in another way, hES-derived cell aggregate suspension cultures, e.g.,
PDX1-negative foregut endoderm, PDX-positive pre-pancreatic endoderm cells,
PDX1-positive pancreatic endoderm or progenitor cells, PDX1-positive pancreatic tip
cells, pancreatic endocrine progenitor cells and pancreatic endocrine cells, comprise at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, or at least 95%,

[0085] As used herein, “hetero-cellular”, “multi-cellular” or equivalents thereof refers
to cell aggregates whereby each individual cell aggregate comprises a plurality of
cells of at least two, three, four, five, six or more cell types, or at least one cell type
and a non-cellular component, e.g., extracellular matrix (ECM) material (e.g.,
collagen, fibronectin, laminin, elastin, and/or proteoglycans). Such ECM components

can be naturally secreted by the cells, or alternately, the cells can be genetically
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manipulaied by any suitable method known in the ant 1o vary the expression level of
ECM material andéior cell adhesion mwolecales. suoch as  selectins,  integring,
mnmunoglobuling, and cadherins, smong others. In another embodimeny, etther
natural BOM matenal or sy synthetic component that imitates ECM material can be
incorporated into the aggregales during aggregate formation.  For example. methods
for produciion of h¥S-derved cell agpregates such as pancrentic eprthelial or
pancregtic endodermy cell aggregaies {or stage 4 cell aggregates) described herein
consists substantially of pancreatic epithelial or endoderm celis, bul may also consist
i swall cell monmbers other non-pancreatic epithelial tvpe cefis. or other endoderm
progenitors, snd even pancreatic endoonne secreling cells {eg., msulin secrsting

cotls).

(60861 To be clegr, the homo- or hetero-cellular agpregates describad hersin and
produced by the suspension methods described herem, are not the same cefl
aggregates described in the art and by others and referred to as embrvold bodies
(EBs). Embryoid bodies are clearly disunguished from the herein described cefl

u
S5

sgeregates hecause BB are cell ageregates of differennated and undifferentiated cells
that appear when ES cells overgrow in monolayer cultures, of are maimaied in
suspension  cultures in undefined media or are differenyated via nov-directed
protocels {Le random differentiation) towards muliple germ laver lsswes. In
contrast, the present mvention, discessed i detail i Examples 17 & 20,
enzvmatically dissoctate hES cells on adberent plate cultares 1o make a single cell
suspension and then bringing the cells together 10 form cell aggregaes; then using
these cell aguregates suspension culires for differentiation substantially as described
i d’Amour 2005 & 2008, sigra. Other differences beiween EBs and the cell

aggregates of this invention are furtber discassed below.

{8087] Still other melhods deseribe making embrvoid bodies {EBs). As used herein,
the lerm “embrvoid bodies™, “aggregate bodies™ or equivalents thereof, refer to
appregates of differentiated and undifferantiated cells that appear when ES cells
overgrowy i1 monolaver cultures. of are mamtained mn suspension cultures In
undefined media or are differentiated via nos-direcied profocols sowards multiple

germ layver tissues. That is, EBs are not formed [rom o single cell suspension of
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pluripotent stem calls as described herein: nor are EBs formed from adherent cultures
of hES-derived multipotent cells, These featuses alone make the present mvention

clearly distinguished from an embryoid body.

[0088] Embryold bodies are a mixture of different cell types, typically from several
germ lavers, distinguishable by morphological criterta. Embrvoid bodies tvpically
refer 1o a morphological structure comprised of @ popualation of cells, the majority of
which are derived from embrvonic stem (ES) cells that bave undergone non-directed
differentiation, f.e.. such as that which occurs when undifferentisted cells are exposad
10 high concentrglions of serum in the absence of defined growth faciors. Under
culives conditions raftable for EB formation (e.g., the removal of Leukemia mbibstory
factor for mouse ES cells. or other, similar blocking factors), ES celis probiferate and
form small masses of cells that begim to differentiate. First, comresponding o about
davs 1-4 of differentiation for human ES cells, the small mass of cells forms a faver of
endodermal cells on the outer laver, and is considered a “simple embrvoid bodv™,
Secondly, corresponding to about days 3-26 post differentiation for human ES cells.
“complex embrvoid bodies” are formed, which are charactenized by extengive
differentiation of ectodermal and mesodermal calls and denivaiive tissue As used
herein, EBs includes both simple :imd' comples. EBs undess otherwise required by
context The determination of when embrvoid bodies have formed in a culture of ES
cells Is routinelv made by persons of skill in the art by, for example, visual inspection
of the morphology. Floating masses of about 20 cells or more depending on the
culture condinons are considered (o be BB See, e.g., Schmitt et al {1991) Genes
DPev. 8, 728-740; Doetschman et al. (1985} J. Embrvol, Exp. Muorph. 87, 2743 The
tarm also refers (o equivalent structures derived from priumordial germ cells, which are
primitive cells extracted from embrvonic gonadal regions; see. e.g., Shamblott, of al
{1998} Proc. Natl, Acad. Sci. LISA 93, 13726, Prmordial germ cells. sometimes also
referred 0 in the art as EG cells or embivonic germ cells, when @reated with
appropriate factors form pluripotent ES cslls from which smbevord bodies can be

derived; see, e.g., U.S. Pat. No. 5,670,372, and Shamblowt, et al, supra,

(0089] Vanous methods for making BEBs exist. a z. spin embryoid bodies as described

by Ng et a {2008) Nare Protocols 3(5) 468776 and EBs made from single cell

3%
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suspensions which were plated onto micro-pattemed extraceliular matrix isands &
described m Bawwens et at (2008 sopra.  However, these methods are cost-
prohibitive and lesy efficient for targe scaled production (manufactuting) of HES cells

and hES-derived cells because they require 100 many steps before scale-up production

2

can actually commmence. For sxample, Bauwens et al., {irst bave to sead hES cells on
g growth factor reduced MATRIGELTM belore the cells can be selected 1o start a
suspension cultwre, The time and cost of this method makes it cumbersome because
custormized micro-patierned tissue culture plates ave veguired.  Addiionallv, the
method emploved by Ng et al is also not costefficient for large scale-up
10 menvfachwing of hES cells and hES~dentved cells because of the use of centrifuges
order 10 cresfe a more unitorm BB, Lastly, ol these methodologies, the cell
ageregatss are nol made from single cell suspensions of pluripotent stem cells as the

present invention,

[00906] Embryvoid bodies are cell aggregates. unlike the cell aggregates desoribed in
15 this mvention. that are made up of wumerous cell tvpes from the three genm lavers and
are tvpically created by oxposing aggregmtes of undifferentiated ES celis o now-
directed differentiation signals, such as 20% fewal bovine ssrum The result of this
non-directed methodology iy a mixture of cell fvpes that is intended o mimie normal
embrvo development g virro. While this approach is aseful at the basie research level
20 for examining embryvo development. it is not amenable to any large-scale cell therapy
manufacturing process where cell vield, population identity, population purity, baich
consisteney, safety, cell fanction and cost of goods are primary concems. Moreover.
recardiess of any envichment stratepies empioved o purify a given cell type from an
embrvoid body. the differenuation protocol doss not provide a direcied approach that
25 will generate a large population of a single cell fvpes. Subseguently, coraminant
populations will abways predonunate and will hamper any attempt to purily a specific
population. All previoas work on creating sud differentiating ageregates of ES cells
las one or more of the following components in thexr methodalogy: 1) use of mouse
rather than human ES cells, 2 forced aggregation prowocols that relv on centrifugation
30 o spgregate cells rather than novmal cell adhesion processes, 3) aggregation of cell

chunks in siatic conditions, 4) non-single cell dissociation or scraping of cells off
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surfaces to create aggregates, 5) Non-direct differentiation of cell aggregates using
15-20% fetal calf serum, resulting in the formation of an embryoid body and cell
types of all germ layers. To our knowledge, the only study that does not utilize 15-
20% FCS to differentiate embryoid bodies describes a protocol where cell aggregates
are formed by forced aggregation then aggregates are immediately differentiated
using media appropriate for mesoderm (Ng et al., Blood. 2005 106(5):1601).
However, in this work, the researchers transferred the embryoid bodies to non-
aggregate adherent culture after 10-12 days in static aggregate culture making
comparisons to the current application irrelevant. In contrast to all previous work, the
current application presents an approach that 1) dissociates human ES cells to single
cells then creates aggregates by rotational culture at shear rates optimized for improve
control of aggregate diameter and cell survival, 2) directly differentiates the ES cell
aggregates to definitive endoderm then foregut endoderm, then pre-pancreatic foregut
endoderm, then pancreatic endoderm and finally pancreatic endocrine cells. This
differentiation protocol generates definitive endoderm and pancreatic lineage

populations with high efficiency and minimal contaminant populations. Moreover,

~ this approach to ES cell aggregation and differentiation does not create embryoid

bodies, in direct contrast to all other published research.

[6091] In contrast to embryoid bodies, which are a mixture of differentiated and
undifferentiated cells and typically consist of cells from several germ layers and go
through random differentiation, the cell aggregates described herein are essentially or
substantially homo-cellular, existing as aggregates of pluripotent, multipotent,
bipotent, or unipotent type cells, e.g., embryonic cells, definitive endoderm, foregut

endoderm, PDX1 positive pancreatic endoderm and pancreatic endocrine cells.

[0092] The present invention addresses the above problems by providing a cost
efficient manufacturing process or methods capable of reproducibly producing cell
aggregates that are substantially uniform in size and shape using a process that can
easily be applied to large scale manufacturing. In one particular embodiment, the
differentiable cells are expanded in a suspension culture, using the cell media of the

present invention. In another particular embodiment, the differentiable cells can be
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roaintained and expanded in suspension, l.e. thev ramain undifferentisted or a2
prevented from further differentiating  The tevm “expand™ in the comtext of cell
cuttwre 15 wsed as 1t is in the wet, and refers to cellutar proliferation and increase the
number of cells, preferably increase i number of viable cells. In a specific
embodinment, the cells we expanded in a colture suspension by culturing for more than
shout one day. le. about 24 hours. In a more specific embodiment, the cells are
expanded in a sugpensien cudture by culturing for atleast 1, 2, 3, 4, 5, 6, 7 days, or at

teasl 2.3, 4,5, &, 7, & weeks.

10093 The differentianion culture conditions and hES-derived cell types . dascribad
hesein are substantially similar to that described in CAmowr o al. 2006, supra.
dAmour et al. 2006 deseribe a 5 siep differentintion protocol: stage 1 (resulis in
substantially definitive endoderm production}, stage 2 (results in substantially PDXi-
negaiive foregut endoderm production), stage 3 (resulis in substansially PDXi-
postiiva foregul endoderm production}, stage 4 (resudts in substantially pancreatic
endoderm or epitheliume or pancresiic endocriwe progenttor production) and stage S
{resuits in substantially hormone expressing endoarme cell production). Tmporiamly
for the firsi time, all these cell {vpes can be produced by suspemsion methods

deseribed herein,

F0a94] As wed heretn, “definitive endoderm (DE)Y” refers to & multipoient endoderm
lineage cell that can differentiate into cells of the gut tube or organs derived fron the
gut wbe. In accordance with certain embodiments. the delinitive endoderm cells are
mammatizn cells, and in a preferred embodiment, the definitive endoderm cells are
human cells. I some embodiments of the present mvention, definitive endoderm
cetls express or fail to significantly espress certain markers. In some embodimenis,
ong or more markers safected from SOXI7, CXCR4, MIXLY, GATA4, HNF3bew,
GSC, FGF17, VWE, CALCR, FOXQL, CMKORL, CRIP} and CER are expressed in
deftrutive endoderm cells, In other embodiments, one or mote warkars selected from
OCT4, alpha-fetoprotein {(AFP). Thrombomodulin  (TM), SPARC. SOX7 and
HNF4dalpha are not significantly expressed in delinitive endoderm cells. Delinitive

endoderm cell popudations and methods of production thereof are also described

)
8
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U.S. Application Number 11/021,618, entitled DEFINITIVE ENDODERM, filed
December 23, 2004.

[0095] Still other embodiments of the present invention relate to cell cultures and cell
aggregates termed “PDXI-negative foregut endoderm cells”,” foregut endoderm
cells” or equivalents thereof. PDXl-negative foregut endoderm cells are also
multipotent and can give rise to various cells and tissues including but not limited to
thymus, thyroid, parathyroid, lungs/bronchi, liver, pharynx, pharyngeal pouches, parts
of the duodenum and Eustachian tube. In some embodiments, the foregut endoderm
cells express increased levels of SOX17, HNF1B, HNF1 alpha, FOXA1 as compared
to non foregut endoderm cells e.g., definitive endoderm or PDX-positive endoderm
which do not appreciably express these markers. PDX1-negative foregut endoderm
cells also express low to no levels of PDX1, AFP, SOX7 and SOX1. PDXl-negative
foregut endoderm cell populations and methods of production thereof are also
described in U.S. Application Number 11/588,693, entitled PDX1-expressing dorsal
and ventral foregut endoderm, filed October 27, 2006.

[0096] Other embodiments of the present invention relate to cell cultures of “PDX1-
positive pancreatic foregut endoderm cells,” “PDXl-positive pre-pancreatic
endoderm,” or equivalents thereof. PDX1-positive pre-pancreatic endoderm cells are
multipotent and can give rise to various cells and/or tissues including but not limited
to stomach, intestine and pancreas. In some embodiments, the PDX1-positive pre-
pancreatic endoderm cells express increased levels of PDX1, HNF6, SOX9 and
PROX1 as compared to non pre-pancreatic endoderm cells which do not appreciably
express these markers. PDXI1- positive pre-pancreatic endoderm cells also express
low to no levels of NKX6.1, PTF1A, CPA, and cMYC.

[0097] In other embodiments of the present invention relate to cell cultures of
“PDX1-positive pancreatic endoderm cells,” “PDX1-positive pancreatic progenitor,”
“pancreatic ebithelium”, “PE” or equivalents thereof. PDXl-positive pancreatic
progenitor cells are multipotent and can give rise to various cells in the pancreas

including but not limited to acinar, duct and endocrine cells. In some embodiments,
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the PDX{-positive pancreatic progenitor cells express increased levels of PDXI and
NKX6.1 as compared to pon pre-pancreatic endoderm celis which ¢o not appreciably
express these maskers, PDX~pogitive pancragtic progeuitor cells also express low o
ne levels of PTFIA, CPA. oMY, NON3, PAN4, ARX gnd NKX2.2, INS, GCG,
GHRIL. SST, and PP,

{0098] Abematively, other embodiments of the present wvennon velste (o cell
cultures of “PDX 1 -posttive pancreatic endoderm tip cells.” or equivalents thereof In
some  embodiments, the PDXY-posilive pancreatic endoderm tip cells express
tmcreased levels of PDX1 and NKX&1 simidar w PDX1-positive pancreatic
progenitor calls, but unltke PDXT-positive pancreatic progenitor cells, PDRX I -positive
panereatic endodarm tip cells sddidoually express incroased levels of PTF1A, CPA
and cMYC. PDXl-positive pancreatic endoderm tip cells also express ow 1o no
tevels of NGN3, PAXY, ARN argd NKX2.2, INS, GOG. GHRL, 55T, and PP,

098] Yet, other embodiments of the presest invention relate to cell caliurss of
“pancreatic endocrine precursor cells,” “pancrestic endocring progenitor cells” oy
equivalents thersof. Pancreatic endocrine progenitor cells ave mulipotent and give
rise to mature endocnine cells mcluding alpha, beta, deba and PP cells.  in some
embodiments, the pancreatic endocrine progenitor cells express increased levels of
NGNZ, PANA, ARX and NKX2.2 as compared o other non-endoctineg progenitor cell
types. Paucreatic progentior cells also express low io no levels of INS. GCG, GHRL,
88T, and PP.

{66100} S1il other embodimerts of the present invention relate Yo celt cultures
of “pancreatic endocrine cells,” “"pancreatic hormons secreting cells™, “pancreatic islef
hormone-espressing cell,” or equivalents thereof refer to a cell, which has been
dertved from a plwipotent cell m vitro, eg. alpha, bew delta andfor PP celis or
combinations thereof The endocrine cells can be poly-hormontat or singlv-hormonal,
e.g. expressing msuhin, glocagon, ghrelin, somatosiatin and pancreatic polypeptide or
combinations thereof, The endecnne cells can therefore express one or mors
pancreatic hormenes, wiich have al least some of the functions of 2 human pahereatic

wlet cell.  Pancreatic islel hormone-expressing cells can be mature or inunatre.
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Immature pancreatic islet hormone-expressing cells can be distinguished from mature
pancreatic islet hormone-expressing cells based on the differential expression of
certain markers, or based on their functional capabilities, e.g., glucose responsiveness
in vitro or in vivo. Pancreatic endocrine cells also express low to no levels of NGN3,

PAX 4, ARX and NKX2.2.

[006101] Most of above cell types are epithelialized as compared to
mesenchymal definitive endoderm cells. In some embodiments, the pancreatic
endoderm cells express one or more markers selected from Table 3 and/or one or
more markers selected from Table 4 of related U.S. Application 11/588,693 entitled
PDX1 EXPRESSING DOSAL AND VENTRAL FOREGUT ENDODERM, filed
October 27, 2006, and also U.S. Application Number 11/115,868, entitled PDX1-
expressing endoderm, filed April 26, 2005.

[00102] The invention contemplates compositions and methods useful for
differentiable cells, regardless of their source or of their plasticity. The “plasticity” of
a cell is used herein roughly as it is in the art. Namely, the plasticity of a cell refers to
a cell’s ability to differentiate into a particular cell type found in tissues or organs
from an embryo, fetus or developed organism. The “more plastic” a cell, the more
tissues into which the cell may be able to differentiate. “Pluripotent cells” include
cells and their progeny, which may be able to differentiate into, or give rise to,
pluripotent, multipotent, oligopotent and unipotent cells, and/or several, if not all, of
the mature or partially mature cell types found in an embryo, fetus or developed
organism. “Multipotent cells” include cells and their progeny, which may be able to
differentiate into, or give rise to, multipotent, oligopotent and unipotent progenitor
cells, and/or one or more mature or partially mature cell types, except that the mature
or partially mature cell types derived from multipotent cells are limited to cells of a
particular tissue, organ or organ system. For example, a multipotent hematopoietic
progenitor cell and/or its progeny possess the ability to differentiate into or give rise
to one or more types of oligopotent cells, such as myeloid progenitor cells and
lymphoid progenitor cells, and also give rise to other mature cellular components

normally found in the blood. “Oligopotent cells” include cells and their progeny
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whose ahility 1o differentiate i mature or partially matare cefls 1s more restricied
than multipotent cells. Obigopotent cells may, bowever, still possess the ability o
differeptiate into oligopotery and wnipotent cells, and/or one or more mature oF
partially matore cell fvpes of a given Ussue, organ oF organ system. One esample of
an oligopotent cell is a myelod progemtlor cell, which can wliimately sive rise 0
matare or partially mature ervitroovies, platelets, basophils. eosinophils, newrophils
and monocytes, “Unipoient cells™ include cells and their progenv that possess the
ability 1o differentiate or give rise to other unipotent cells and/or one type of mature or

pastialiy matare cell type.

Fe0103} Differentiable cells, as used herein, may be phuipoteni. muliipotent,
ofigopotent or even wmipolent. In certain ambodiments of the preset invention, the
differentiable cells are pluripstent differentiable cells. In more specilic embodiments,
the pluvipoters JdiTerentiable cells are selected fiomm the roup comsisting of
“embryonic stem cells, ICM/epidblast cells, primmive ectoderny célls, prumordial germ
cetis, and termocareinoma cells. in one particular embodiment. the differentable cadls
are mammalian embryonic stem cells. I a more particular embodiment, the

difTeremiabls cells are human entyyonic siem cells,

[88104) The invention also conternplates differentiable cells from any sowrce
within an animal, provided the cells are differentiable as defined hersin. Fov example,
differentiable cells may be harvesied from embrvos, or any primordial germ laver
therein, from placental or chorion tissug, or from more malure tssue such as adalt
stety calls including, bot not Hmuted 0 adipose, bous mamow, hervous tissug,
mammary Hssue, hiver tissue, pancreas, epithelial, respiratory, gonadal gud muscle
tigsee. In specific embodiments, the differentiable cells are embrvonic steny cells. In
other specific embodiments, the differentiable cells are adult siem cells, In still other

specific embodiments, (he stem cells are placental- or chorionic-derived stem cells,

FOB OS] Of course, the mvention contemplates using differentisble colls from
any animal capable of generating differennable cells. The animals from which the

difTerentiable cells are harvested mav be vertebrate or inverisbrale, maomnalim or

ik
e
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not-mamemalian, human or non-human.  Examples of animal sources inclade, but are

not Holed fo, primates, rodents, canines, felines, equines, bovines and porcines.

61061 The differentiable calls of the present invention can be derrved using

any method known o those of skifl in the ast. For example, human pharipotent cells

A/

can be produced using de-dilferentiation and nuclear transfer methods. Additionally,
the human ICM/epiblast cell or the primitive ectoderm cell used in the pressnt
imvention can be derived in v or in wire, Primative ectodermat cells may be
generated In adherent culture or as cell aggragates in suspension culture, as described
i WO 99753021, Fuartheomore. the human plunpotent cells can be passaged using
10 any method known to those of gkil in the arl, including, manual passaging methods.

and bulk passaging methods such as enzyinatic or bon-enzymatic pagsaging,

{80167] In certain eynbodiment, when ES cells are utilized, the embrvonic stem
cells have @ normal karvotype, while in other embodiments, the embrvonic stem cells

have an abnormal karvotvpe. In one embodiment, a majority of the embrvonic stem

-
1%

cells have a pormal karvotype. 1t is conternplated that greater than 50%, 55%, 60%,
65%, T0%, T3%, 80%, 83%, H0% or greater than 95% of metaphases exantned will

display & normal karvoivpe.

[0 1G8] In another ambodiment, a magority of the embryvonic stem cells have an
abnormal Rarvotvpe. It is contemplated that greater than 396, 55%, 60%, 63%, T0%.,
20 T3%, 80%, 85%. 90% or greater than 93% of metaphases exammed will displav an
abnormal karvotype. In certsin smbodiments, the abnormal Rarvotvpe is evident after
the cells have baen cultured for greater than 5, 6.7, 8, 9. 10, 11, 12, 13, 4, 15, or 20
passages. I one specific embodimenst, the abnormal karvolype comprises & wisony
of at least one autosormal chromosome. wheremn the autosomal chromoesome i
25 selected from the group consisting of chwomosomes |, 7, 8. 120 T4 and 17, In another
embodiment, the abnormal karvotype comprises a wisemy of more than one
astosomad  chromosome, wherein at feast one of the more than one awosomat
chromosomas 1y selected from the group consisting of chromosomes 1, 7, §, 12, 14,
and 17, In one embodiment, the awtosomal chiromosome is chromasome 12 01 17, In

3 another embodiment. the abnormal karvolype comprises an  additional sex
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chromosome. In one embodiment, the karvotvpe compnses two X chronosomes and
one Y chromesome. 1t is also contemplated that wranslocations of chromoesomes may
oceur, and soch  translocations are encompassed  within the lexm “abnormal

S

karyotvpe.”  Combinations of the foregomg chromosomal abnormalities and other

v

chromosomal abnormalities are also encorpassed by the myention,

{00109} The composttions and methods comprise a basel salt nuirent solstion,
As used heretn, basal salt nulnient sofution refers to g mixture of sults thal prowide
cells with water and certain bulk inorganic fons essential for normal cell matabolism,
maintain nira- and extra~ceftular osmotic balance, provide a carbohydrate as an

10 energy sowrce. and provide a buffermng svatem lo maintain the medium within the
phvsiofogical pH range. Examples of basal salt nutrient solutions include. but are not
Hmied to, Dudbecco's Modified Eagle's Mediom (DMEM), Minimal Essentigl
Medium (MEM), Basal Medium Eagle (BMEY RPMI 1640, Ham's F-1(, Ham's F-
12, a-Minimal Essential Medium (eMEM), Glasgow's Minimal Essential Medium

153 {G-MEM), and Iscove's Modified Dulbecco's Medium, and mivtures thereol. In one
particular embodiument, the basal salt nulrignt solulion 15 an approsimatelv 50530
vuxtare of DMEM and Ham's F12.

fR0110} It is conlemplated that the composition can further compnse trace
clemenis.  Trace clements can be purchased commmercially, for example, from
20 Mediatech, Non-fimiting examples of wace elsments include but are not Hmited 1w
compounds  comprising,  alununum,  chiotine. sulfate. won. cadmium, cobalt,
chromium, gevmantum, sodivm, potassivm, calciom. phospbate and magnesium.
Specific examiple of compounds containing trace elements include bwt are not limited
t0. AlCh, AgNGa, Ba{CiH 000, CdCL, CdSO,, Colly, CrCh, Cnl804k. CusSOy,
25 ferric citrate. GeQo, KI, KBr, LI molvbdic acid, MnSO, MaCh, NaF, Na:8i0..
NaVls, NHVOs, (NFLOeMoOrs, NSO, RBCL  selentom, NaxSeO:  H.Sehh.
selenite 2Ng, selenomethionone, SuCh. Z6504, ZrOCh, and muxtures and salty
thereof I selenium, selenite or selenomefitionone is present, i is al & concentration
of approximately 0.002 to approximately 002 mg/l.  In addition. hydroxviapatize

30 may also be present,
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[60111] It is contemplated that amino acids can be added to the defined media.
Non-limiting examples of such amino acids are Glycine, L-Alanine, L-Alanyl-L-
Glutamine, L-Glutamine/Glutamax, L-Arginine hydrochloride, L-Asparagine-H,0, L-
Aspartic acid, L-Cysteine hydrochloride-H,O, L-Cystine 2HCI, L-Glutamic Acid, L-
Histidine hydrochloﬁde—sz, L-Isoleucine, L-Leucine, L-Lysine hydrochloride, L-
Methionine, L-Phenylalanine, L-Proline, L-Hydroxyproline, L-Serine, L-Threonine,
L-Tryptophan, L-Tyrosine disodium salt dihydrate, and L-Valine. In certain
embodiments, the amino acid is L-Isoleucine, L-Phenylalanine, L-Proline, L-

Hydroxyproline, L-Valine, and mixtures thereof.

[00112] It 1s also contemplated that the defined medium can comprise ascorbic
acid. Preferably ascorbic acid is present at an initial concentration of approximately 1
mg/L to approximately 1000 mg/L, or from approximately 2 mg/L to approximately
500 mg/L, or from approximately 5 mg/L to approximately 100 mg/L, or from
approximately 10 mg/L to approximately 100 mg/L or approximately at 50 mg/L.

[00113] In addition, the compositions and methods may also comprise other
components such as serum albumin, transferrin, L-glutamine, lipids, antibiotics, B-
Mercaptoethanol, vitamins, minerals, ATP and similar components may be present.
Examples of vitamins that may be present include, but are not limited to vitamins A,
B, By, Bs, Bs, B, B7, Bo, By, C, Dy, D2, Ds, Dy, Ds, E, tocotrienols, K; and K. One
of skill in the art can determine the optimal concentration of minerals, vitamins, ATP,
lipids, essential fatty acids, for use in a given culture. The concentration of
supplements may, for example, be from about 0.001 pM to about 1mM or more.
Specific examples of concentrations at which the supplements may be provided
include, but are not limited to about 0.005 uM, 0.01 uM, 0.05 uM, 0.1-uM, 0.5 pM,
1.0 puM, 2.0uM, 2.5pM, 3.0puM 4.0uM, 5.0pM, 10pM, 20 uM, 100uM. In one
specific embodiment, the compositions and methods comprise vitamin Bg and
glutamine. In another specific embodiment, the compositions and methods comprise
vitamin C and an 1ron supplement. In another specific embodiment, the compositions
and methods comprise vitamin K; and vitamin A. In another specific embodiment,
the compositions and methods comprise vitamin D3 and ATP. In another specific

embodiment, the compositions and methods comprise vitamin By, and transferrin. In
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another specific embodiment, the compositions and methods comprise tocotrienals
and [B-Mercaploethanol  In another specific embodiment, the compositions and
meihods comprise glutansne and ATP.  In anather specific embodiment, the
compositions and methods comprise sn omega-3 oty acd and ghutamine, In another
specific embodiment, the compoesitions and methods comyprise an omega-6 fatly acid
and vitamin By in another specific embodiment, the compositions and methods

comprise a-finolenic acid and By,

100114] The compositions of the present invention are sssentially serum fee
As used herein, “essentiatly serum free” refers to the sbsence of serom in the
sotutions of the present invention.  Seram is not an essential ingredient to the
compositions and methods of the present invention. Thus, the presence of serum in
my of the compositions should only be attributable to impurities, c.g. from the
starting matenials or resihual serum frmp thavpmnm'y cell culture, For example.
gssentially serum free medi utn o envitohment cah contain less than | (.9, 8 7.6,S,
4, 3, 2. or 1% serum wherain the prasently improved bloactive maimtenance capacity
of the mediam or envivonment 1s sl observed. In a specific embodiment of the
present invention, {he essentially serum free composition does not contsin seram or
serum Teplacement, or only containg frace smounts of serum or serum replacement
from the solation of components of the serums or serum replacenent that are added 1o

the defined media

f115] The compositions snd methods of the present invention alse comprisa
a means for stimulating ErbB2 tyrosine Kinase activity within differentiable cells. In
one specific embodiment, the compositions and methods of the present invention
conyrise the presence of at least one ErbB3 ligand. Tvpically, ap BrbB3 Hgand wilt
bind the ErbB3 receptor and dimerize with the FrbBZ receptor. The ErbB2 recepior
15, in wum, generally responsible for mtracellular fvrosine kinase activity within the

differentiable call.

[601 16} As used herein, “ErbB3 hgand™ refers 0 a ligand that binds to ErbB3
which m hun dunerizes o ErbB2, thus activating the tvrosing kinase activity of the

ErbB2 portion of the ErbBL/EDBES heterodimeric receptor. Non-limiting examples of

PCT/US2008/082356
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ErbB3 hgands include Neursgulin-1; splice variants and isoforms of Neuregulin-1,
including but not limited 1o HRG-B, HRG-, New Differentiation Factor (NDF)
Acgtylcholing Receptor-inducing Activity (ARIA) Glial Growth Factor 2 (GGFZ)
and Sensory And Motor Newon-Denved Factor (SMDFy Newregulin-2: splice
variangs and isoforms of Newrsgulin-2. Including bul vot Hmited o NRGZ-B;

Epireguln and Biregudin,

{0117 In one embodiment, the means for stmulaimg ErbB2-directed tvrosine
Kinase activity comprise al least one FrbB3 ligand that is selected from the group
consisting of Weuregulin-i, Heregulin-fi (HRG-B), Heregulin-o (HRG-g), Ney
differentiation factor (NDF}, acetylcholine receptor-inducing aetivity (ARIA), glial
growth factor 2 (GGF2), motor-neuron denved factor (SMDF), Neuregulin-2,
Neweguhin-2B (NRG2-B). Epiregulin, Bivegohn and varignts and functional fragments
thereol In another specific smbodiment, the compositions and methods of the present
wvention comprise more than one means for sumulating ErbB2-directed tyrosing

kinase acuivity. such as, but not limited o, using more than one ErbB3 ligand.

H00118] In a more specific erabodiment of the composiiions and methods of the
present invention. the ErbB3 hgend 18 HRG-B or & vanant or funchonal fragment
thereof  in one embodiment, the species from which the cultwre additive protein,
polvpeptide or variant or functonal fragment thereof derives is the same as the
species of cells that are coltured. For example, it mouse ES cells are cultared, an
HRG-f with an amino acid sequence that is identical to the pue musaudus HRG-H
sequence can be used as mn gdditive in culture and is considered 10 be “of the same
species.”  In other embodiments. the species from which the biojogical additive
derives ts different from the cells heing cudtures. Fov example, If mouse ES cells are
cuttured. an HRGAD with an amano acid sequence that ¢ identical (o the human HRG-
f} sequence from can be used as an additive in culwre and is considerad to be “of

different species”

(60119 As used herain, a “functional fragment™ is a fragment or splice variant
of a full length polvpeptide thal exerts a similar physiological or cellnlar effect as the

full tength polypeptide. The biological effect of the functional fragnient need not be

Fo
(%
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wentical n scope or strength as the fulldength polypeptide. so long a3 & similar
physiological or cellular efTect is seen. For example, a functional fragment of HRG-B

can detectably stimalate ErbB2-directed tyrosine Rinass,

HI326] As used hevein, the term “variant™ includes chimeric or fusion

L1}

polypeptides, homologs, analogs, orthologs, and paralogs. In addition, a vanant of a
reference protein or polypeptide is a profein or polvpeptide whose amino acid
sequence 18 at least nbout ¥0% ideutical 1o the reference protewn or polvpepiide. in
specific embodiments, the variant 1s ot least abow 853%6, 90%., 95%. 95%, 7%, 98%,
99% or even 100% dentical to the reference protem or polypeptide. As used herain,
16 the ferms “correspond(s) o7 and “corresponding 10, as they relate 1o sequence

aligmment. are intended to raean enumerated posttions within the reference protem or

polypephide, e. g, wild-type burpan or mouse neuregulin-!, and those positions in the

modified protemn or polypeptide that align with the positions on the reference protsin

or polypeptide.  Thus. when the amino acid sequence of a subject protein or
1§ polypeplide 15 abigned wilh the amino acid sequence of a reference protemn or
polypeptide, the sequence thal “corresponds 107 certam enamerated positions of the
reference protein or polypeptide sequence are thoss that align with these positions of
the reference sequence, but are not necessarily in these exact mumerical positions of
the reference sequence.  Methods for aligning sequences for determining

2% corresponding amino acids between sequences are described below.

10012 1] A polypeptide having an amine acid sequence at least, for sxampie,
about 93% “1dentical” to a refergpce an amino acid sequence encoding, {or example
TGF-A, s wnderstood 1o mean that the amuno acid seguence of the polvpeptide is
wdentical to the reference sequence except that the amino acid sequence mav include
25 upto about five modifications per each 106} amino acids of the raference amino acid
sequence encoding the reference TGR-R. 1o other words, to obtain 2 peptide having
an amino acid sequence at least abowt 93% identical to a reference amino acid
sequence, up 10 about 5% of the amimo seid residues of the reference sequence may be
deleted or substituted with another amino acid or 2 number of smine acids up ©© about
30 5% of the total amine acids in the reference sequence may be inseried o the

reference sequence. These modifications of the reference sequence may ocour at the
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N- terminus or C-terminus positions of the reference amino acid sequence or
anywhere between those terminal positions, interspersed either individually among
amino acids in the reference sequence or in one or more contiguous groups within the

reference sequence.

[00122] As used herein, “identity” is a measure of the identity of nucleotide
sequences or amino acid sequences compared to a reference nucleotide or amino acid
sequence. In general, the sequences are ahgned so that the highest order match is
obtained. “Identity” per se has an art-recognized meaning and can be calculated using
published techniques. (See, e.g., Computational Molecular Biology, Lesk, A. M, ed.,
Oxford University Press, New York (1988); Biocomputing: Informatics And Genome
Projects, Smith, D. W, ed., Academic Press, New York (1993); Computer Analysis of
Sequence Data, Part I, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New
Jersey (1994); von Heinje, G., Sequence Analysis In Molecular Biology, Academic
Press (1987); and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M
Stockton Press, New York (1991)). While there exists several methods to measure
identity between two polynucleotide or polypeptide sequences, the term “identity” is
well known to skilled artisans (Carillo, H. & Lipton, D., Siam J Applied Math
48:1073 (1988)). Methods commonly employed to determine identity or similarity
between two sequences include, but are not limited to, those disclosed in Guide to
Huge Computers, Martin J. Bishop, ed., Academic Press, San Diego (1994) and
Carillo, H. & Lipton, D., Siam J Applied Math 48:1073 (1988). Computer programs
may also contain methods and algorithms that calculate identity and similarity.
Examples of computer program methods to determine identity and similarity between
two sequences include, but are not limited to, GCG program package (Devereux, J., et
al., Nucleic Acids Research 12(i):387 (1984)), BLASTP, ExPASy, BLASTN, FASTA
(Atschul, S. F., et al., J] Molec Biol 215:403 (1990)) and FASTDB. Examples of
methods to determine identity and similarity are discussed in Michaels, G. and
Garian, R., Current Protocols in Protein Science, Vol 1, John Wiley & Sons, Inc.
(2000). In one embodiment of the present invention, the algorithm used to determine

identity between two or more polypeptides is BLASTP.
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[00123] In another embodiment of the present invention, the algorithm used to
determine identity between two or more polypeptides is FASTDB, which s based
upon the algorithm of Brutlag et al. (Comp. App. Biosci. 6:237-245 (1990)). In a
FASTDB sequence alignment, the query and subject sequences are amino sequences.
The result of sequence alignment is in percent identity. Parameters that may be used
in a FASTDB alignment of amino acid sequences to calculate percent identity
include, but are not limited to: Matrix=PAM, k-tuple=2, Mismatch Penalty=1, Joining
Penalty=20, Randomization Group Length=0, Cutoff Score=1, Gap Penalty=5, Gap
Size Penalty 0.05, Window Size=500 or the length of the subject amino sequence,

whichever is shorter.

[00124] If the subject sequence is shorter or longer than the query sequence
because of N-terminus or C-terminus additions or deletions, not because of internal
additions or deletions, a manual correction can be made, because the FASTDB
program does not account for N-terminus and C-terminus truncations or additions of
the subject sequence when calculating percent identity. For subject sequences
truncated at the 5' or 3' ends, relative to the query sequence, the percent identity is
corrected by calculating the number of bases of the query sequence that are N-and C-
terminus to the reference sequence that are not matched/aligned, as a percent of the
total bases of the query sequence. The results of the FASTDB sequence alignment
determine matching/alignment. The alignment percentage is then subtracted from the
percent identity, calculated by the above FASTDB program using the specified
parameters, to arrive at a final percent identity score. This corrected score can be
used for the purposes of determining how alignments “correspond” to each other, as
well as percentage identity. Residues of the query (subject) sequences or the
reference sequence that extend past the N- or C-termini of the reference or subject
sequence, respectively, may be considered for the purposes of manually adjusting the
percent identity score. That is, residues that are not matched/aligned with the N- or
C-termini of the comparison sequence may be counted when manually adjusting the

percent identity score or alignment numbering.

[00125] For example, a 90 amino acid residue subject sequence is aligned with

a 100 residue reference sequence to determine percent identity. The deletion occurs at
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tha N-terminus of the subiect sequence and therefore, the FASTDE alignment does
not show a match/alignment of the Hrst 10 residucs at the N-terminus.  The 10
unpaired residues represent 10% of the sequernice (manber of residues at the Ne and C-
wrmini not matchedftotal number of residues in the query sequence) so 0% is
subtracted from the percent identity score calonlated by the FASTDR programy ! the
remannng Y0 residuss were perfectly matched the Snal percemt identity would be
50%. In another example, & 90 residue subject sequence is compared with g 100
reference sequence. This time lhe delstions are internal defetions so there are no
residues at the N- or C-termini of the subject sequence which are nol matched/aligned
with the query.  In this case the perceni identily caleolated by FASTDB s not

maruatly corrected.

00126] The mvention also provides chimeric or fusion polypeptides. As used
herein. a “chimeric polypeptide”™ or “fusion polvpeptide™ comprises at least a pottion
of a member of the reference polypeptide operaiively linked to a sscond, different
polvpeptide. The second polypeptide has ap anune acid seguence corresponding 1o 4
polvpeptide which 18 not substentially identical 1o the reference polvpeptide, and
which 1§ dertved from the same or a different organism.  With respect to the fusion
polypeptide, the term “ag}émiziveiy linked” is miended to wndicate that the reference
polypeptide and the second polypeptide are fused (o sach other so thal both sequences
fulfil the proposed function attribuied 1o the sequence used. The second polvpeptide
can be fused to the Neterminus or C-tetminus of the reference polypeptide. For
evampie, 1 one embodiment, the fusion polypeptide is a GST-IGF-1 fusion
polvpeptide in which an IGF-1 seguence is fused 1o the Ctevminus of the GST
sequancas.  Such fuston polvpeplides can facilitate the purification of recombinant
polypepiides.  In another embodbment, the fusion polvpepiide can contawm a
heterologous signal sequence s its N-terminus. In cartain host cells (¢ g, mammadian
host cetls), expression and/or secretion of a polvpeptide can be inereased through use

of g haterclogous signal sequence.

00127 in addition to fragnients and fusion polypeptides, the present invention
mctudes homologs and asalogs of natwrally occurring pobvpeptides. “Homodogs™ are

defined hersin as two sucleic actds or polvpeptides that have similar, or “identical,”
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nucleotide or amino acid sequences, respectively. Homologs include allelic variants,
orthologs, paralogs, agonists, and antagonists as defined hereafter. The term
“homolog” further encompasses nucleic acid molecules that differ from a reference
nucleotide sequence due to degeneracy of the genetic code and thus encode the same
polypeptide as that encoded by the reference nucleotide sequence. 'As used herein,

“naturally occurring” refers to a nucleic or amino acid sequence that occurs in nature.

[00128] An agonist of a polypeptide can retain substantially the same, or a
subset, of the biological activities of the polypeptide. An antagonist of a polypeptide
can inhibit one or more of the activities of the naturally occurring form of the

polypeptide.

{00129] In another more specific embodiment of the compositions and methods
of the present invention, the ErbB3 ligand is HRG-B or a variant or a functional

fragment thereof. Additional, non-limiting examples of ErbB3 ligands are disclosed
in United States Patent No. 6,136,558, 6,387,638, and 7,063,961.

[00130] Heregulins are generally classified into two major types, alpha and
beta, based on two variant EGF-like domains that differ in their C-terminal portions.
These EGF-like domains, however, are identical in the spacing of six cysteine
residues contained therein. Based on an amino acid sequence comparison, Holmes et
al. found that between the first and sixth cysteines in the EGF-like domain, HRGs
were 45% similar to heparin-binding EGF-like growth factor (HB-EGF), 35%
identical to amphiregulin (AR), 32% identical to TGF-a, and 27% identical to EGF.

[00131] The 44 kDa neu differentiation factor (NDF) is the rat equivalent of
human HRG. Like the HRG polypeptides, NDF has an immunoglobulin (Ig)
homology domain followed by an EGF-like domain and lacks a N-terminal signal
peptide. Presently, there are at least six distinct fibroblastic pro-NDFs, classified as
either alpha or beta polypeptides, based on the sequences of the EGF-like domains.
Isoforms 1 to 4 are characterized on the basis of a variable stretch between the EGF-

like domain and transmembrane domain. Thus it appears that different NDF isoforms
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are generated by alternative splicing and may perform distinct tissue-specific
functions. See EP 505 148; WO 93/22424; and WO 94/28133.

[00132] In one embodiment of the present invention, the compositions and
methods are free of exogenous insulin and insulin substitutes. The phrase “exogenous
insulin or insulin substitutes™ is used herein to indicate insulin or insulin substitutes

that is/are not intentionally added to the compositions or methods of the present

~ invention. Thus, in certain embodiments of the present invention, the methods and

compositions are free of insulin or insulin substitutes that are intentionally supplied.
The compositions or methods may, however, not necessarily be free of endogenous
insulin. As used herein, “endogenous insulin” indicates that the cultured cells may be
producing insulin of their own accord when cultured according to the methods of the
present invention. Endogenous insulin also may be used to indicate residual
impurities from the primary cell culture or impurities from the starting materials. In
specific examples, the compositions and methods of the present contain less than 50,

45, 40, 35, 30, 25, 20, 15, 10,9, 8,7, 6, 5,4, 3, 2, or 1 pg/mL of insulin.

[00133] As used herein, the term “insulin” refers to the protein, or variant or
fragment thereof that binds to the insulin receptor in normal physiological
concentrations and can induce signaling through the insulin receptor. The term
“insulin” encompasses a protein having the polypeptide sequence of native human
insulin, or of other mammalian insulin, or of any homologs or variants to these
sequences. Additionally, the term insulin encompasses polypeptide fragments that are
capable of binding to the insulin receptor to induce signaling through the insulin
receptor. The term “insulin substitute” refers to any zinc containing compound that
may be used in place of insulin to give substantially similar results as insulin.
Examples of insulin substitutes include, but are not limited to zinc chloride, zinc

nitrate, zinc bromide, and zinc sulfate.

[60134] To be clear, insulin-like growth factors are not insulin substitutes or
homologs of insulin, as contemplated in the present invention. Accordingly, in

another specific embodiment, the compositions and methods of the present invention
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comprise the use of at least one insulin-like growth factor (IGF) or a variant or a
functional fragment thereof. In another embodiment, the compositions and methods
of the present invention are free of any exogenous insulin-like growth factors (IGFs).
In specific embodiments, the compositions and methods of the present invention
contain less than 200, 150, 100, 75, 50, 25, 20, 15,10, 9,8,7,6, 5,4, 3,2, or 1 ng/mL
of IGF-1.

[00135] As used herein, the term “activator of IGF-1R” refers to mitogens that
play a pivotal role in regulating cell proliferation, differentiation, and apoptosis. The
effects of an activator of IGF-1R are typically mediated through IGF-1R, although
they can be mediated through other receptors. The IGF-1R is also involved in cell
transformation induced by tumor virus proteins and oncogene products, and the
interaction is regulated by a group of specific binding proteins (IGFBPs). In addition,
a large group of IGFBP proteases hydrolyze IGFBPs, resulting in the release of bound
IGFs that then resume their ability to interact with IGF-IR. For the purpose of this
invention, the Ii.gands, the receptors, the binding proteins, and the proteases are all
considered to be activators of IGF-1R. In one embodiment, the activator of IGF-1R is
IGF-1, or IGF-2. In a further embodiment, the activator of IGF-1R is an IGF-1
analog. Non-limiting examples of IGF-1 analogs include LongR3-IGF1, Des(1-
3IGF-1, [Arg’lIGF-1, [Al2"']IFG-1, Des(2,3)[Ala'JIGF-1, [Len**]IGFI,
Des(2,3)[Leu”*]IGF-1, [Leu®]IGF-1, [Ala*'][Leu®"[IGF-1, [Lev®][Ala*' [IGF-1, and
combinations thereof. In a further embodiment, the IFG-1 analog is LongR3-IGF1,
which is a recombinant analog of human insulin growth factor-1. It is contemplated
that LongR3-IGF1 is initially present at a concentration of approximately 1 ng/mL to
approximately 1000 ng/ml, more preferably approximately 5 ng/mL to approximately
500 ng/ml, more preferably approximately 50 ng/mL to approximately 500 ng/ml,
more preferably approximately 100 ng/mL to approximately 300 ng/ml, or at a

concentration of approximately 100 ng/ml.

{00136} In certain embodiments, the compositions and methods of the present
invention comprise transforming growth factor beta (TGF-B) or a TGF-B family
member or variants or functional fragments thereof. As used herein, the term

“member of the TGF-f family” refers to growth factors that are generally
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characterized by one of shill in the art as betonging to the TGF-§ family, etther due to
homology with known members of the TGF-f famuly, or due fo sinularity in function
with kiown members of the TGF-f famsly.  In pamcular embodiments of the
wrveption, i the member of the TGF-B fanuly s present, the TGF-f Family member of
varlant o [lunctional fmpment hereof activates SMAD 2 or 3. In certan
emmbodimenis, (he member of the TGF-f {amily 15 selected from the group consisting
of Nodal, Activin A, Activin B, TGF-, bone morphogenic protein-2 (BMP2} and
bone morphogenic protein-d (BMP4). 1n one embodiment, the member of the TGF-B

faraiby 18 Actvin A

00137 It is contemplated that if Nodal is present, 1 15 initislly present al a
cancerttration of approximately (0.1 ng/mbl to approximately 2000 ng/ml, mare
preferably approximately 1 ng/ml to approxmmately 1000 pgfml, more preferabiy
approximatelv 10 pgfmb o approximately 750 ng/ml, or move  preferably
approximmtely 25 nefmb o approximately 300 ng/ml. 1 13 contemplated that i used,
Activin A is initially present &t g conceniration of approximately $.01 ng/mb to
approximately 1000 ngind, more preferably  approximately 0.1 ng/ml 0
approximately 100 ngiml, more preferably approximately 0.7 ngfmi. to approximately
25 ngfml. or most preferably al a conceniration of approximately 10 ng/mil. Tt s
conternplated that if present, TGF-§ is nutially present at a conceniration of
approximately  0.01 ng/mb  fo  approximately 100 ngiml, more  preferably
approximately 0.1 ngmb © approximately 30 ng/ml, or more preferably

approximately 0.1 ng/mil 10 approximately 20 ng/mi,

[O0138] In additienal embodimenis of the pressnl invention, the compositions
and methods of the present invention are free of activators of FGF recepiors. There
are curranily al least 22 known wembers of the familv of fibroblast growth faciovs,
with these factors binding 1o one of at feast one of fowr FGOF receptors.  As used
herein, the term “activator of an FOF receptar”™ refers to growth {actors that are
generally characterized by one of skill in the art ag belonging to the FGF famils.

either due to homology with known members of the FGF family, or due to similariy

m function with known members of the FGF family. In certain eambodiments, the

(92
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activator of an FGF receptor 15 an FGF, such ag, but not imitted to o-FGF and FGF2.
In particular embodiments. the compositions and methods are free of exogenous
FGF2. The phrase “exogenous FGF2™ is used herein 1o mdicate fibroblast growth
factor 2, ie. basic FOF that is not intenfionally added (o the compaositions or methods
of the present invention. Thus, in certain embodiments of the prosent invention, the
methods snd compositions are fres of intentionally supplied FGF2. The compositions
or methods may, however, not necessarily be free of endopenous FGF2. As used
herein, “endogencus FGFZ™ indicates that the cultured cells may be producing FGF2
of their own sccord when cultured according 1o the methods of the present invention,
“Endogencus FGF2™ also may be used to indicate residual imporities from the
primary cell culture or impunties from the starting materials. In specific examples,
the compositions and methods of the present contain fess than 10,9, 8,7,6,5, 4,3, 2,

or 1 ng/ml of FGF2.

031391 K is contemplated, however. that the composibions and methods of the
invention can include at least one activator of an FGEF receptor. including any of the
FGF polypeptides, functional fragments thereof or varianis thereof. 1t 1s contemplated
that if FGF2 is presest, i iy initiallv present at a conceniration of approximately 0.1
ng/ml o gpproximately 100 ng/mi, more preferably approximately 0.5 ng/mb 1o
approximataly S0 ng/mi, more preferably approximately 1 ng/imb {o approximately 25
ngfo, more preferably approximately o ng/mbl 1o approximately 12 nu/md, or most
preferably at g concemiration of approxinmiely 8 ng/ml o another specific
embodiment. the compogitions and methods of the mvention can include ot least one
activator of an FGF receptor. other than FGFZ. For example. the compositions and
methods of the present invention may comprise ot feast one of FGF-7, FGF-10 or
FGF-22 or varants or functional fragments thereof.  In specific embodiments, a
combination of at least vwo of FGFEY7, FGE-IU and FGF-2Z, or vartants or Hunctional
fragments thereof, are present. In another embodiment, all three of FGF-7, FGF-10
and FGF-22, or vamants or funcuonnl fragmenis thereofl are present. It is
contemplated that 1if any of FGF-7. FGF-10 or FOF-22 or vanants or funclionat
fragments are present, each is mitiallv present at & concentration of approximately (1.1

ngfml. to approximately 100 py/ml, more specifically from approximatel 0.5 ng/ml
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10 approximately 30 ng/ml. more specifically from approvimately | ng/iml 1w

approximately 25 ng/ml. more specifically  from approvimately 1 ngiodd. to

approsimataty 12 ngimi, or most specificatly at g concentration of approximately §
ng/mi.
100140] fn add:tional certain embodiments. the compositions and methods of

the present invention comprise seram albumin (§A). I specific embodiments, the SA
is eithier bovine SA (BSA) or human SA (HAS). o still more specific embodiments.
the concentration of the SA Is more than about 0.2%, volume (o volume (v/v), but less
than about 10% viv. In gven more specific embodiments, the concentration of SA is

more than about 0.3%, 0.4%. 0.5%. 0.6%, 0.7%, ¢.8%. 0.9%, 1.0%, 1.2%. 1.4%,

FO0%, 1.8%, 2.0%, 2.2%. 2.4%. 2.6%, 2.8%, 3.0%, 3.2%. 3.4%. 3.6%. 3.8%, 4.0%
§.2%, 4.4%, 4.6%, 4. 8%, 3.0%. 5.2%, S4%, 5.6%, 5.8%, 6.0%. 6.2%. 6.4%, ﬁi.ﬁ'%,
6.8%, 7.0%., 7.2%, 74%, 7.0%. 7.8%, &.0%, 8.2%, B.4%, B.o%:, B.8%. 9.0%, 9.2%,

9.4%. v.6% and 9.8% {‘S v

[60143) In additionsl smbodiments, the composttions and methods comprise at
least one insoluble subsirate. For example, the differemtiable cells may be placed on a
cetl colture swface that comprises such compounds as, bui is not limited to,
polysivreng, polvpropylene. The sorface may, in turn, be costed with an insoluble
substrate. I specific embodiments. the msoluble substrate s selected from the group
consisting of a collagen, a fibronectin and fragments or vartams thereol Other
examples of insoluble substrates include. butl are not hmitad tq, fibrin, elastin,

fibronecting, laminins and mdogens.

{80142} Accordingly. the cell calture environments and methods of the prasent
ivention comprise plating the cells m an adherert culture. As wsed heren, the terng
“plated” and “plating” refer to anv process that allows g cell 1o be grown in adhevem
cutture, Ag used herenn, the term “adherent culture” refers to a cell culture sysiem
wheraby cells are cultured on a solid surface, which mav i tum be coased with an
insotuble substrate that may in turn be coated with another surface cost of a subsirate,
such as those listed betow, or any other chemical or biologics) matertal that allows the

cells to profiferate or be stabilized in culture. The calls mav or may not tightly adhere

i
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to the solid surface or to the substrate. The substrate for the adherent culture mav
comprise any one of combination of polvomithine, laminin, poly-lvsine, purified
collagen, gelatin, [Obronectin, fenascin, vitronectin, enfaciin, beparin  sulfae
protepglyeans, polv ghveolvtic actd (PGA), poly lacue acid (PLAY, and poly ltactic~

3 giveolic acd {PLGA).  Furthermore, the substrate for the adherent culture may
comiprise the matrix laid down by a feeder laver. or laid dovwn by e phluripotent
buman cell or cell coliwre Ag used hersin, the term “extraceilular mapis”
encompasses solid substrates such as but not limited to those describad above. as well

as the matrix lad down by & feeder cell laver or by the pluripotent human cell or el

16 cultwe In one embodiment. the cells are plated on MATRIGEL ™. cogted plmes. In
- ancther enbodiment, the cells are plated on {ibronectinecosted plates.  In certain
embodiments, I the cells are plated on fibronectin, the plates are prepared by corting

with 10 pefrol. humen plasma fibronectn (Invitrogen, #33016-015), diluted In tissue

grade water, for 2-3 hours at room temperaiure. In another embodiment, serum can

-
L2

be placed m the medium for up 1o 24 hours 10 aliow celis to plate to the plastic. If
using serum to womaote the attachmentt of the cells, the media is then remioved and the

compoesitions, which are essentialiy serum-freg, are added 1o the plated cells.

[00143] The compositions and methods of the present invention contemplate
that the differentisble cells are cultured in conditions that are essentially free of g
20 feeder cell or feedar faver. As used herem, a “feeder cell™ s a cell that grows v vitro,
that is co-caltured with a target cell and stabilizes the target cell in its current state of
ifferentiation. Ay used herein, a “feeder cell laver™ can be used interchangeably with
the term “feeder cell™ As used herein, the term “essentially free of a feeder cell”
refers to tissue cutture condittons that do not contamn feeder cells. or that contain & de
35 mpumns nomber of feeder cells. By “de pansimag”, it is meant that wumnber of leader
cells that are camied over 1o the instant cullure conditions from previous culture
conditions where the differentiable celis mayv have beep cultured on feeder cells. In
one embodiment of the above method, conditioned mediim ¢ obtained from a feeder

cell that stabilizes the target cell i it curreni state of differentiation. In another

L3
i
]

embodiment. the defined medium ts & non-conditioned medium, which 15 2 medium

that 1s not obtained from & feeder call,
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{60 § 44 As used herein, the lerm “stebilize.” when used in reference wo the
differentiation state of a coll or culture of cells, Indicates that the calls will continue 1o
proliferate over maltiple passages In calture, and preferably indefimitelv in calture,
where most. if not all. of the cells in the cubre are of the same difTerentintion state.
In addition, when the stabifized cells divide. the diviston typically vield celis of the
same cel] fvpe or vield colls of the same differcnbation siate. A stahilized cell or cell
population m general, does not further differentiate or de-differentiate il the cell
culture conditions are not altered, and the cells continue o be passaged and are not
overgronn. In one embodimert, the cell that is stabilized is capable of proliferation i
the stable state indefinitely, or for at least more than. 2 passages. In a more specific
embodiment, the cells are stable for more than 3 passages. 4 passages, 5 passages, ©
passages, 7 passages, 8 passages, 9 passages, more than 10 passages, more than 13
passages, maore than 240 passages, more than 25 passages, or more than 3¢ passages.
In one embodiment, the cell is stable for grester than approximately | month, 2
months, 3 months, 4 months, 3 months, 6 months, 7 months, § nonths, 9 menths, H
months, or 11 monthy of continuous passaging. in another embodiment, the celf 3
stable for greater than approximately | vear of continuous passaging  In one
embodiment, stern cells are maintaned In colture m a plunipotent state by routime
passage it the defined medium until it 1s desired that they be differentiated. As used

heremn, the torm “proliferate™ refars 1w an increase 1 the number calls in a cell quiture.

06 145] fn cortain emtbodiments, the composiiions and methods comprise an
mnactivaior of BMP signaling.  As used heretnt. an “ipactivator of BMP signaling™
refers {o an agent that antagonizes the activity of one or more BMP proteins or any of
their upstream or downstreamy signaling componemts through any of i possible
signaling pathways. The compound(s) used 1o mactivate BMP signaling can be any
compound known in the art or later discoversd  Wonelimiting examples of
mactivators of BMP signaling include dommnant-negative. wuncated BMP receptor,
sotuble BMP recepiors. BMP receptor-Fo chimeras. noggin, follistatin, chordin,

gremilin, cerberus/DAN farmnihy proteing, ventropin, high dose activin, and ammioniess.

s

(00 146] in certam embodiments, the compositions and methods can comprise at

least one hormone, oviokine, adipokine, growth hormone or varisnt or functional

Ly
L
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fragment thersol. 1t is currentiv contemplated that in certsin embodiments. the
growth hormone present in the defined mednan will be of the same species as the
differentiable cells that are cultured with the defined media. Thus, for example, if a

human cell s cultured, the growth hormone is human growh hormone. The use of

A%

growth hormone that is from a species different than the cultured cells is also
contempiated. Preferably the hormone, evtekine, adipokine andior growth hormone is
present afl an indtial concentration of approsamately (L0071 ng/ml to approximately
HO00 ngfmi, more preferably approximately 0.00] ng/mil. to approximately 230 ngfml.

or more preferably approximately (.07 ng/mb to approsimately 150 ngiml

16 [00347] Examples of cviokmnes and adipokines thal may be includad in the
composttions and methods of e present mventon mclade, but are not Himited to, the
four e-helix bundie famity of cyvtokines, the interleukin -1 (TL-1) fanilv of ¢viokines,
the TL-17 family of cviokines and the chemoking family of eviokines. OF course. the
mvepuon contemplates members and subclasses of each of these families of

15 eviokines, such as, but not limiled to, the CC chentokines, the CXC chemokines. the
C chemokines and the UXU chemokines, interferons, intertenking, Ivmphotosing, o-
kit Hgand, granulocvie-mscrophage colonv-stmulating [actor (GM-CSFY. monocyie-
macrophage colony-stimulating  factor (M-CSF), granvlocyie colonv-stimulaiing
factwr (G-C8F), leptin, adiponectin, resistin, plasminogen sclivaor inhibitor-1 (PAI-

200 1), wanor necrosis factor-alpha (TNFa), nonor necrosis factor-beta (TNFR), leukendia
mhibitony factor, visfatin, retinol binding prolein ¢ (RBP4), ervibropoietn {EPO).
thrombopoietin (THPOYL  Of course, one of skill in the art will undersiand thar the

irvention contemnplates varianis or funciional fragments of the gbove-listed factors,

{HE LY The present mventon relawes o methods of culturing differentiable
25 cells, with the methods comprising plating differentiable cefls on a cell culture
sarface. providing a basal sall puirient solution 1o the cells and providing & means for

sumutaung ErbB2-divected tyrosine kingse activity in the cells.

HI149] In one embodiment. differentiable cells are contacted with at least one
of the compositions of the invention m the absence of serum or sevwm replacement,

v and m the absence of a feeder cell aver, such that the cells are maimtained in an
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undifferentiated state for at least one month. Pluripotency can be determined through
characterization of the cells with respect to surface markers, transcriptional markers,
karyotype, and ability to differentiate to cells of the three germ layers. These

characteristics are well known to those of ordinary skill in the art.

[661506] The cell aggregates described herein can be suspended in any
physiologically acceptable medium, typically chosen according to the cell type(s)
involved. The tissue culture media may comprise, for example, basic nutrients such as
sugars and amino acids, growth factors and antibiotics (to minimize contamination).
In another embodiment, the differentiable cells are cultured in suspension, using the
cell media described herein. The term “suspension” as used in the context of cell
culturing is used as it is in the art. Namely, cell culture suspensions are cell culture
environments where the cells or cell aggregates do not adhere to a surface. One of
skill in the art will be familiar with suspension culture techniques, including, but not
limited to, the use of equipment such as flow hoods, incubators and/or equipment
used to keep the cells in constant motion, e.g., rotator platforms, shakers, if necessary.
As used herein, cells are “in motion™ if they are moving, or if their immediate
environment is moving relative to the cells. If the cells are kept “in motion”, the
motion will, in one embodiment, be a “gentle motion” or “gentle agitation™ that is

designed to avoid or prevent exposing the cells to shear stress.

(00151} A variety of methods of making cell aggregates are known in the art
such as, for example, the “hanging drop” method wherein cells in an inverted drop of
tissue culture medium sink to the bottom of the drop where they aggregate; shaking
cell suspensions in a laboratory flask; and various modifications of these techniques.
See, e.g., N. E. Timmins, et al. (2004) Angiogenesis 7, 97-103; W. Dai, et al., (1996)
Biotechnology and Bioengineering 50, 349-356; R. A. Foty, et al. (1996)
Development 122, 1611-1620; G. Forgacs, et al. (2001) J. Biophys. 74, 2227-2234
(1998); K. S. Furukawa, et al, Cell Transplantation 10,441-445;
R. Glicklis, et al. (2004) Biotechnology and Bioengineering 86, 672-680;
Carpenedo et al., (2007) Stem Cells 25, 2224-2234; and T. Korff, et al,
(2001) FASEB 1. 15, 447-457. More recently, cell aggregates have been

formed by scraping micropatterned colomies into suspension, centrifuging
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colonies out of microtiter plates and into suspension or using pipets to dislodge and
suspend colonies grown in patterned microwells (Ungrin et al., (2008) PLoS ONE
3(2), 1-12; Bauwens et al (2008) Stem Cells Published online June 26, 2008).
Although such methods can be used to produce cell aggregates described herein, the
cell aggregates produced herein are optimized for synchronous directed-
differentiation as described in d’Amour et al. 2006, supra,. Also, unlike these other
methods, the methods for producing the cell aggregates in suspension described

herein are amenable to large scale manufacturing.

[60152] In general, the cell medium compositions of the present invention are
refreshed at least once every day, but the medium can be changed more often or less
often, depending of the specific needs and circumstances of the suspension culture. In
vitro, cells are usually grown in culture media in a batch mode and exposed to various
media conditions. As described herein, the cells exist in a dish-culture as either
adherent cultures or as cell aggregates in suspension, and maintained in contact with a
surrounding culture medium; and the waste media being replaced periodically. In
general, the culture medium may be refreshed about every 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 hours, or any fraction thereof .
In additional examples, the medium may be refreshed less often such as, but not
limited to, every 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 or every 2 or more days, or

any time frame in between.

[00153]) Yet, in another embodiment of the invention, perfusion methods are
employed to prevent degradation of growth factors and other agents which have to be
replaced frequently; or perfusion as a means to deplete waste products from the
culture media over a period of time. For example, U.S. Pat. No. 5,320,963 describes a
bioreactor for perfusion culture of suspension cells. U.S. Pat. No. 5,605,822 describes
a bioreactor system, employing stromal cells to provide growth factors, for growth of
HSC cells in culture by perfusion. U.S. Pat. No. 5,646,043 describes growth of HSC
cells by continuous and periodic perfusion including media compositions for growth
of HSC cells. U.S. Pat. No. 5,155,035 describes a bioreactor for suspension culture of

cells by fluid media rotation.
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[00154] In general, the cells that are cultured in suspension in the medium
compositions of the present invention are “split” or “passaged” every week or so, but the
cells can be split more often or less often, depending on the specific needs and
circumstances of the suspension culture. For example, the cells may be split every 1, 2, 3,
4,5,6,7,8,9,10,11, 12, 13, 14 or more days, or any time frame in between. As used
herein, the term “split” or “passaged” in the context of cell culture is used as it is in the
art. Namely, cell culture splitting, or passaging, is the collection of cells from a previous
culture and subsequent transfer of & smaller number of collected (harvested) cells into a
new cell culture vessel. In general, passaging cells allows the cells to continue to grow in
a healthy cell culture environment. One of skill in the art will be familiar with the process
and methods of cell culture passaging, which may, but not necessarily, involve the use of
enzymatic or non-enzymatic methods that may be used to disaggregate cells that have

clumped together during their growth expansion.

[06155] In some instances, a degree of cell death may occur in the cultured
(suspended and adherent) cells immediately after passaging. In one embodiment, the
differentiable cells can “recover” from passaging, by delaying the refreshing of the cell
medium for more than 24 hours. Thereafter, the cell medium may be changed more
frequently. In another embodiment, the cell culture medium can further comprise an
inhibitor of cell death. For example, Wantanabe ef al., recently disclosed the use of a
Rho-associated kinase inhibitor, Y27632, to protect human ES cells after dissociation.
See Wantanabe, K., er al, Nat. Biotechnol., 25(6):681-686 (2007). In additional
embodiments, the cell culture medium may comprise caspase inhibitors, growth factors or
other trophic factors to prevent or attenuate cell death immediately after passaging.
Specific examples of compounds that may be used include, but are not limited to, HA
1077, Dihydrochloride, Hydroxyfasudil, Rho Kinase Inhibitor, Rho-Kinase Inhibitor II,
Rho Kinase Inhibitor III, Kinase Inhibitor IV and Y27632 all of which are commercially
available. In still another embodiment, the compounds or factors used to prevent or
attenuate cell death during or immediately after cell passaging may be removed from the
cell culture medum after the cells have recovered from the passaging process. In an

additional embodiment, undifferentiated ES cells aggregate effectively in standard
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base media and do not require Y27632 or other interventions to maintain viability

during dissociation and aggregation.

[06156] In additional embodiments, the compositions and methods of the
present invention may also comprise the presence or use of surfactants. In one
particular embodiment, the compositions and methods comprise at least one surfactant
in the context of a suspension culture. Surfactants are well-known in the art and,
generally speaking, are amphiphilic in nature. In specific embodiments, the present
invention comprises the use of at least one surfactant that is either anionic, cationic,
non-ionic or zwitterionic.  The concentration of the surfactant used in the
compositions and methods of the present invention is a matter of routine screening
and optimization. For example, Owen ef al., reported the use of surfactants in cell
culture techniques for HeLa cells and human amniotic cells. See Owen et al., J. Cell.
Sci., 32:363-376 (1978). Examples of surfactants that may be used include, but are
not limited to, Sodium dodecyl sulfate (SDS), ammonium lauryl sulfate, and other
alkyl sulfate salts, Sodium laureth sulfate (SLES), Alkyl benzene sulfonate, Soaps, or
fatty acid salts, Cetyl trimethylammonium bromide (CTAB) (hexadecyl trimethyl
ammonium bromide), and other alkyltrimethylammonium salts, Cetylpyridinium
chloride (CPC), Polyethoxylated tallow amine (POEA), Benzalkonium chloride
(BAC), Benzethonium chloride (BZT), Dodecy! betaine, Dodecyl dimethylamine
oxide, Cocamidopropyl betaine, Coco ampho glycinate, Alkyl poly(ethylene oxide),
Copolymers of poly(ethylene oxide) and poly(propylene oxide) such as Pluronic F68,
Alkyl polyglucosides, such as, but not limited to, Octyl glucoside, Decyl maltoside,
Fatty alcohols, Cetyl alcohol, Oleyl alcohol, Cocamide MEA, cocamide DEA and

cocamide TEA and/or Polyoxyethylene-sorbitane monolaurate (Tween)

[00157] The embodiments described herein provide methods for large-scale
manufacturing of proliferating and/or differentiating hES cells by maintaining a low
shear environment thereby maintaining operating cell density in the system and
minimizing fluid shear stresses. In particular, the present invention provides methods
for maintaining a low shear environment in a eukaryotic cell manufacturing scale-up

system by culturing a cell suspension in a 60mm dish, 6-well plate, a rotating bottle, a
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bioreactor (e.g., spinner flasks) and a vessel. Alternatively, continuous perfusion
systems for culturing cells requires agitation or movement in the bioreactor or vessel
to provide suspension of the cells, oxygenation and a supply of fresh nutrients, e.g.,
for growth and/or differentiation. To obtain cell suspension, bioreactor vessels
typically use one or more movable mechanical agitation devices that are also a

potential source of shear stress.

{66158} Establishing and maintaining a constant, optimized agitating shear rate
1s important for maintaining cell growth and viability., For example increased shear
rate is deleterious in the following aspects: (1) excessive shear increases energy
consumption, (2} excessive shear interferes with diffusion at the membrane surface,
(3) excessive shear can deprive certain compounds of their bicactivities, and (4)
excessive shear can deform cell membranes beyond the threshold bursting tension
leading to cell lysis. It therefore is desirable to maintain shear within an optimal range
of 5 t0 500 sec”’, depending on the diameter of the cell aggregate and the sensitivity of
the particular cell line to single cell dissociation and shear. Exemplary shear rates
produced by configurations useful in the methods of the invention are shown in
Example 17 for aggregate diameters between 100-200um and rotation speeds between
60-140rpm for a 6-well dish. These values estimate the time averaged shear stress that
occurs in the bulk fluid during rotation. However, it is expected that the shear stress at
the wall of the vessel will be higher due to boundary effects. Using the method of Ley
et al., supra, the wall shear stress was calculated for rotation speeds ranging from

60rpm to 140rpm and is shown in Examples 17-19.

100159] Still, other examples of means or devices for generating a gently
agitated cell suspension exist and are well known to one skilled in the art including
impellers, such as propellers, or other mechanical means, bladders, fluid or gas flow-
based means, ultrasonic standing wave generators, rocking or rotating platforms or
combinations thereof which produce a cell suspension. In the methods of the
invention, a rotating platform is an exemplary means for suspending the cells in the
media when cells are in 6-well plates, generating a shear rate of less than 400 sec™.
Regardless of rotator type or mechanism for generating agitated mixed fluid

suspensions, the estimated time-averaged shear rate and shear stress in the bulk fluid
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provides a normalizing facior by which all foid mixing devices can be related. While
the flow regimes amongst the devices may vary in their profile and extent of laminar
oy turbulem flow, shear calcslations provide a basis for equanng fow n devices that
produce muxing by different mechanisms. For example, for a 125ml. spimner flask
with an Impelier diameter of dem, & vessel width of G.dem, an impeller angle of 90
degrees, and an impellter width of (.lom, a Impeller rotation speed of 133 rpm will
generate the same time-average shear rate and shear stress in the bulk Thid as G-well

dish with Sml. media rotating at 100rpm {or aggregates of 100wm in diameter,

00160 The method of the present mvention can also be used to maintain & low
shear enviromment i 2 menufachwrmg scale-up svstem for periods of tme rangmg
from 1,2, 304, 8,6, 7,8, 9. 100 11, 12,013, 14, 15,16, 17, 18, 19, 20, 21, 23, 24, 25,
36, 27, 28. 29, 30 days, to more than 40 days, to more than 50 days. An exemplary
operating tme is af least about 1,2, 3.4, 5,6, 7. 8,9, 10, 11, 12,13, {4, 18,16, 17,
18,19, 200 20, 23, 24, 25, 26, 27, 28, 29, 30 davs o more thay 40 days, to more -than

30 dayvs.

fo01at] it is contemplated that the differercigble cells can be passaged wsing
sy iRaiic. fon-enzvmmatic, or manwsl dissoctation methods prior to andior after
contact with the defined medinm of the iovension.  Nowdimiting examples of
enzymadic dissociation methods inchude the use of prolseses such as trypsin
collagenase, dispase, and ACCUTASE™. In one embodiment, ACCUTASE™ i

used 1o passage the contacted cells. When enzymatic passaging methods are used, the

resaltant catture can comprise & mixture of sinplers, doublets, triplets, and clumps of
cells that vary in size depending ou the enzvme wed. A nov-limiting example of 2
non-enzypafic dissociation method 13 & cell dispersal buffer. Manual passaging
techmiques have been well described it the ari, such as in Schulz o ol 2004 Stem
Cells, 22(711218-38. The choice of passaging method is influenced by the choice of
exctracelluiar matriy, if one 18 present. and 18 easily determined by one of ordinary skill

in the an.

H0162] In one specific embodiment, methods of cultaring differentiable cells

compise providing & dissoctation solulion to a laver of differsntiable cells that are
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contained i a culture chamber prior to dissociation, where the dissomation breaks
apast the layer of calls into single cells. After dissoctation, the single cells are placed
wie a new fissue culture chamber with a stem cell culture solation, wheretn (he stem
cell culwre solution comprises a basal salt nutrient solution and an ErbB3 higand.
Omee cuftured, the single stenr cells are placed in conditrons that permit growth and
divison of the single celis. In another specific embodiment, the methods of culturing
differeptiable cells comprse providing s dissociation solution to an aggregation
differentiable cells that are comtained in a culture chamber prior, where the
dissociation broaks apart the aggregates of cells mto single cells or smaller aggragates

of cells,

100163} The disaggregaton solution uwsed in the metods of the presemt
mvention can be any disacgregation solution capable of breaking aparl or
disaggregating the cells into single cells, withowt causing extensive toxicity to the
cefls, Examples of disaggregation solutions include. but are not himited 1o, frypsin,
ACCUTASE™, (,25% TrypsindEDTA. TrvpLE. or VERSENE™ (EDTA) and
trepsin.  The methods of the preserst invention need not result in every cell of the
confluent layer of suspension being disaggregated into single cells, provided that at

feast a few single celis are disaggregated and capable of being re-cultured

100164 Either at the beginning of culture, or after passaging. the &ifferentiable
cells can be seeded at any density, including & single celf in & cultare chamber. The
cell density of the seeded cells mav be adjusted depending on & vartety of factors,
inclading but not hinited 1o the use of adherent or suspension cultures, the specific
recipe of the call cubture media used, the growth conditions and the contemplated vse
of the cultured cells, Examples of cell culture densities include, but are not himited to.
0.01 x 10° cellsiml, .03 x 10" cellsinal, 0.1 x 10 cellend, 0.5 X 10° geflsiml, 1.0 x 30
cellsiml. 1.2 x 10° caltgimi, 1.4 x 107 cellyml, 1.6 x 107 cells'ml, 1.3 % 107 calls/mi,
2.0 % 10 cellgiml. 3.0 x 10° cellsml. 4.0 x 107 cellsiml. 5.0 x 10° cellgfml. 6.0 x 10°
cells/ml. 7.0 x 10° celis/ml, 8.6 x 107 cellsimi, 9.0 x 10° celis/ml, or 10.0 x 10°
cells/ml, or more, e.g. up to 5 x 10 cells/iml have been cultured with good cell

survival, o any value in betwesn,

-~
=
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0 165) In addition 1o the above, as used herein, the tenm “operating cell
dﬁusit}}” or “pperational cell density™ or equivalents threreof refers to that cell density
at which a manufacturing process or gystem will be operated 1o obtain the production
of a prolifersting or differsntiating hES cell culture. Such cell densities are those at
5 which nutriemts such ax vitamins, minerals, amino acids or meslabolites, as well ag
aneironmentsl condiions such as oxvgen tengion, that are supplied to the svstem are
sufficient to maintain celiular viability, Alternatively, such cell densities are those at
which waste products can be removed from the systens at a rate sufficient to maintain
celfular viabititv, Such cell densities can be readily determined by one of ordinary

19 skl in the art.

180166] Operating cell densities that may be mamlained sre lhose from al feast
abowt 0.5 x 10° cellemL, In a typical scale~up sysiem operating cell densities may be
between about 0.5 x 107 cells/ml. and about 23 ¥ 107 cells/mlL., Exemplary densities

can be betwesn aboul 2.5 s 10° celisiml, 22 x 10% celly mbl and up to 5 x 107

[
o

cells/ml. In the method of the mveantion, cell viability is st least about 40%, 43%.

L

0%, 359, 60%. 65%. TO%, 75%. 80%. 85%. 90%, 95% and up to about 1O0%.
Other scale-up svstem operating cell densities and accaptable cell viability levels will
be recognized by those skilled in the art and can be dete:rmimd by techniques well
known 1o those of skill in the art. For example, bateh, fed-batch and comtinuous feed

20 configurations, celt densities may be between about 0.5 x 10° cell/ml and 13 x 1¢°

cellsfml.

0167} Differentiable cells may also be utilizad to screen for molacules or
factors that influence their plasticity or other charactenstics.  For example.
differentiable celis could be wsed to identily agemts that wmduce apoptosis,
25 differenuation or profiferation, as well as singlar effects in differemtiated hineages that

have been genarated from the differentiable csils.

FIII68] Because the compositions and methods of the present mvention allow
for single cell passaging, differentiable cells have been successfully cultured in hugh-
throughput settings, such as, but not limied to, 9%6~well plates and 384-well plaes.

38 Figure 10 shows the morphology and afkaline phosphatase staining of BGO2 celis that

[
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were cuttured In DC-HAIF i both 2 96-well and 384-well plate, using the methods
described heretn.  Briefly, hESCs celis thal were split, using ACCUTASE™, and
plated in 96-well and 384-wall plates and cultured sbowed a similar plaung efficiency
as what is observed using other culure dishes. In addivion, the cells formed colonies,
and ware expanded spceessfullv over 5 days in the smaller environments.  These
smaller cultures remained morphotogicalty imdifferentiated. and stained uniformly
positive for alkaline phosphatase, & marker of undifferentiated cells. Furthermore,
hESCs could also be grown in 96-well culture devices (not shown) that provide real-
nime measarements of impedance, which can be used to measure caell proliferation and
viabitity  uwsing  the RT-CES™  methods from ACEA  Biosciences. Inc
(wwwaceabio.com). Such an approach would ensble a label-free identification and
guantitation of subtle or mmediate effects on differentiable cells, as well as

measurements of proliferstion, apoptosis and changes to motphology. 1o real time.

06169} The compositions and methods of the wvention may contain virteally
anv combination of e components set out above or described elsewhere heremn,
provided the compositions and methods comprise a basal salt nutrient solution and a
means for sumulaung ErbB2 divected tvrosime kinase aclivitv. Ag one skilled wn the
art would recognize. the compopents of the compositions and methods of the
rvention will vary according to the protocol design. Accordingly. one embodiment of
the present invention relates o culturing differentiabie cefls in %6-well plates andior
384well plates.  Indeed, wsmyg the methods and coropositions of the present
mvention, the cell cubture chamber, e, the culture dish, 13 no longer limited o
specific dimensions. Thus, the methods descnbed herein are in no way lunited w0
specific culture chamber dimensions and/or means and devices 10 generate lhe celi

agerepate.

100178 The compositions and methods described herein have several usefud
features. For example. the composttions and msthods deseribed herein are uselul for
modeling the early stages of human developmenl. Furthermore, the compositions and
methods described herain can also serve for therapentic mtervention in digsase states,
such a¢ negrodegenerative disorders, diabetes methites or renal fatlare. such s by the

development of pure tisste or cell type.
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0174 The cell tvpes that differentiate from differentiable cells have several
uses it various [relds of research and development metoding bul not bimited fo drug

discovery, drug development and festing

&

toxicotogy, production of cells for
therapentic purposss as well & basic sctenice regearch. These cell tvpes express
motecules that are of interest in a wide range of research ficlds. These melude the
molecutes known 1o be requirad for the functiomng of the vanous cell tvpes ag
described in standard reference texts, These molecnles include. but are not linsted to.
cviokines, growth faclors. cviokine recepiors. estracellular matrdy, franscription

factors, secreted polvpeptides and other molecules, and growth factos receptors,

jae172] I{ 15 contemplated that the differeniiable cells of the invention can be
differentiated through contact with & cell differentiation environment. As used herein,
the term “cell differentigtion environmeni”™ refers 1o a cell eulture condition wherein
the differentiable cells are mnduced {o differentiate. or are induced to become & human
cell cuhare enriched i differentiated cells. Preferably. the differentiated cell neage
mduced by the growth factor will be homogeneous in natwe. The term
“homogeneous,” refers to a population that containg more than approximately S0%,
60%, T8%, 80%, 85%. B6%, §7%, 8%, 89%4, 90%, 91%, S2%, V3%, 94%, 95%,

G6%, YT7%, 98%a, or 99% of the desired cell hineage.

G731 A cell differentisting mediam or environment may be utihzed w0
partially. ternunally, or reversibly differentiate the differenttable cells of the present
invention. In accordance with the invention the medium of the cell differentiation
SNVIFOAIMENT may contain & varely of components moluding, for example, KODMEM
mediam (Kaockout Dulbecco’s Modified Eagle’s Mediam), DMEM. Ham's FiI2
madiu, FBS (fetal bovine serum), FGF2 (fibroblast growth facior 2). KSR or hLIF
{human leukemia inhibitorv factor). The cell differentigtion environment can also
contan supplements such as L-Glutamme, NEAA (nog-essential amino acids). P/S
{pemcillinfstreptomycint, N2, B27 and B-mercaptoethano! {(-ME}. 1t s conteraplated
that additional factors may be added to the cell differentiation environment, including.
bt not himited to, fibronectin, lamdnin, heparin, heparnin sulfate. retinoic acid,
mernbers of the epidermal growth factor family (BGFs). members of the fibroblast

growth factor family {FOFs) including FGF2, FGFT. RGFS, andior FGF10. mambers

HH

PCT/US2008/082356



W

10

WO 2010/053472

of the plaselet derived growth factor family {(PDGFs) transforming growth factor
(TGF) bone morphogenstic proteim (BMPY growth and differentiation factor (GDPF)
factor faratdy antagonists including but not Lmited to nogein, follistating ¢hordin,
gremlin, cerberas/DAN family protemns, ventropin. high dose setivin, and amnionless
or variawts or functional fragments thereof, FOFBMP/GDE antagonists could also be
sdded iy the fonm of TGF/BMPIGDF recoptor-Fo chumeras. Other factors that may be
added include molecoles that can activate or inactivale sipnshing through Notch
receptor family. mcinding bul not limiled to proteins of the Delia-like and Jaggad
families as well az inhibitors of Notch processing or cleavage, or varanis ov
functional fragments thereof. Other growth factors may include members of the
msulin like growth factor family (10F). insulin. the wingless related {WNT) factor
familv, and the hedgehog factor famify or vactants or functional fragments thereof
Additional faciors mav be added to promole mesendoderm stem/progenitor, endodarm
steyn/progenttor, mesoderm steméprogenitor, or definitive endoderm stenvprogenitor

prohiferation and survival as well as survival and differenuation of derivatives of these

progentons.
100174] The compostiions described herein are usefld for the soreening of test

compounds o determine whether a test compound modulates  phaipotency,
proliferanon, and/or differentiation of differentiable cells, Pluripotency, proliferation
and‘or differentiation of dilferentiable cells can be readily ascertained by one of
ordirary skill in the arl. Nop-limiting methods include examining cell morphologs.
the expression of various markers, feratoma fornmabon. cell counts and mensurements

of impedance.

e 7TR] The progression of the differentiable cells to the desived cell lineage, or
s mamtenance in an undifferentiated stale can be monsored by quanttating
expression of marker penes characierisiic of the desired cedl Mneage as well as the lack
of expression of marker genes chavacteristic of differentiable cell tvpes, One method
of guamitating gene expression of such marker genes 15 through the use of
guantitative PCR (Q-PCR). Methods of performing Q-PCR are well known in the ary,

Other methods that are known in the art can alse b used (o quantitate marker gene

Y
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expresston. Marker gene expression can be detected by using antibodies specific for

the marker gene of inferest,

160176] In certain embodiments, the screeming method encompasses methods
of identifving a compound capable of modulating pluripotency, proliferation andfor
differentiation of a differgntiable cell, comprising (&) providing a differentiable cell;
{ty) cudturing the cell in & composition comprising & basal sall nutrient sohdion and an
ErbB3 hgand, wherein the composition is sssenbally serum free: {©) contacting the
call with a test compound. and determuning whether an increase or decrease in
pluripotency, profiferation andfor differenuation occurs in the call contacted with the
compound. said increase being an indication that the compound modidates
phasipotency. proliferation andfor differentiadion. o certain embodiments, the BErbB3
higand 1s HRG-8. In olher ersbodimems, {he ErbB3 Hgand can be substiiuted with a
test compound, to determing the effects of the tesl compound. For example, ihe
effects on pluripotency, proliferation andfor differendintion that occur with the fest
compound can be compared 1o the effects on plunipotency, proliferation andfor
differentiation that occars with the ErbB3 Ligand lo determing the affects of the test
composid on the differentiable cells. It is contemplated that any of the compositions

described hersin can be nsed in the sereemng methods of the present invention.

00177 In vat ancther embodiment, the cells can be cultured i the absence of
an ErbB3 ligand (ErbB2-directed tvrosine Kinase acuvity) to determme the effects of

the absence of an ErbB3 ligand (ErbB2~directed tyrosine kinase activity) on the cells,

0061781 Using the methods described herein, compositions compeising the
desired cell hineage that are substantially free of other cell twvpes can be produced.
Alternatively, compositions comprising mistures of the dilferentiable cells and the

desired cell lineage can alse be produced.

-t

160179] in some embodiments of the present invention. cells of the desired cell
lineage can be solated by using ap affiniyw tag that ¥ specific for such cells. One
esample of an affinity tag specific for g target cell s an antibody that s specific to &

marker polvpeptide that 1s present on the cell surface of the target cell bur which is not
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substantially present on other cell types that would be found in a cell culture produced

by the methods described herein.

[001806] The present invention also relates to kits, wherein the kit comprises a
basal salt nutrient solution and at least one compound capable of stimulating ErbB2-
directed tyrosine kinase activity. In one embodiment, the kits comprise at least one
ErbB3 ligand, as described herein. In another embodiment, the kits comprise more
than one ErbB3 ligand. In another embodiment, the kits comprise at least one of
TGF-$ or a TGF-B family member or a variant or functional fragment thereof as
described herein. In yet another embodiment, the kits comprise more than one of
TGF-B or a TGF-B family member or a variant or functional fragment thereof. In still
another embodiment, the kits comprise at least one fibroblast growth factor or variant
or functional fragment thereof. In another embodiment, the kits comprise more than
one fibroblast growth factor or variant or functional fragment thereof. In a specific
embodiment, the kits comprise at least one of FGF-7, FGF-8, FGF-10, FGF-22 or
variants or functional fragments thereof. In another embodiment, the kits comprise
serum albumin. In still another embodiment, the kits comprise serum and/or at least

one insoluble substrate as described herein and/or at least one disaggregation solution.

[00181] The kits of the invention may contain virtually any combination of the
components set out above or described elsewhere herein. As one skilled in the art
would recognize, the components supplied with kits of the invention will vary with
the intended use for the kits. Thus, kits may be designed to perform various functions

set out in this application and the components of such kits will vary accordingly.
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EXAMPLES

[66182] The human embryonic stem cell line BGO1v (BresaGen, Inc., Athens,
GA) was used in some of the experiments described herein. The BG01v hESC line is
a karyotypically variant cell line, which exhibits stable karyotype containing specific
trisomies (karyotype: 49, XXY,+12,+17). Parent cultures were maintained as
described previously (Schulz et al., 2003, BMC Neurosci., 4:27; Schulz et al., 2004,
Stem Cells, 22(7):1218-38; Rosler et al, 2004, Dev. Dynamics, 229:259-274;
Brimble ef al., 2004 Stem Cells Dev., 13:585-596). Briefly, the cells were grown in
dishes coated with MATRIGEL™ or fibronectin, in conditioned media from mouse
embryonic fibroblasts (MEFs) (MEF-CM) comprising DMEM:F12 with 20% KSR, 8
ng/mL FGF2, 2 mM L-Glutamine, 1x non-essential amino acids, 0.5 U/mL penicillin,
0.5 U/mL streptomycin, 0.1 mM B-mercaptoethanol (Sigma, St. Louis, Missouri,

USA), with collagenase passaging.

[00183] The defined culture (DC) media tested herein comprised DMEM/F12,
2 mM Glutamax, 1x non-essential amino acids, 0.5 U/mL penicillin, 0.5 U/mL
streptomyein, 10 pg/mL transferrin (all from Invitrogen, Carlsbad, California, USA)
0.1 mM f-mercaptoethanol (Sigma), 0.2% fatty acid-free Cohn’s fraction V BSA
(Serologicals), 1x Trace Element mixes A, B and C (Cellgro) and 50 pg/mL Ascorbic
Acid (Sigma). Variable levels of recombinant growth factors were used, including
FGF2 (Sigma), LongR3-IGF1 (JRH Biosciences), Heregulin-B EGF domain (HRGp,
Peprotech), TGFB (R&D systems), nodal (R&D systems), LIF (R&D systems), EGF
(R&D systems), TGFa (R&D systems), HRGo. (R&D systems), BMP4 (R&D
systems), and Activin A (R&D Systems). LongR3-IGF1 is a modified version of
IGF1 that has reduced affinity for IGF1 binding proteins, some of which are
expressed in hESCs. DC-HAIF is the defined culture media as above, containing 10
ng/mL HRG-B, 10 ng/mL Activin A, 200 ng/mL LR-IGF1 and & ng/mL FGF2. DC-
HAI is defined culture media as above containing 10 ng/ml. HRG-B, 10 ng/mL
Activin A, and 200 ng/mL LR-IGF1. In both DC-HAIF and DC-HAI, the LR-IGF1

component can, of course be replaced with [FGI.
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[00184] MATRIGEL™ coated dishes were prepared by diluting Growth Factor
Reduced BD MATRIGEL™ matrix (BD Biosciences, Franklin Lakes, New Jersey,
USA) to a final concentration range of about 1:30 to about 1:1000 in cold DMEM/E-
12. In one embodiment, the concentration of MATRIGEL™ is about 1:200. 1 ml/35
mm dish was used to coat dishes for 1-2 hours at room temperature or at least
overnight at 4°C. Plates were stored up to one week at 4°C. MATRIGEL™ solution

was removed immediately before use.

For the tested conditions, parent cultures were plated into 6-well dishes for
comparison of multiple conditions. Cultures were typically plated directly into the
test conditions. The cultures were assessed every day and graded based oh'
morphological criteria 4 to 5 days after plating. The grading scale of 1 to 5 involved
examining the whole culture and assessing overall proportion of undifferentiated
colonies, their relative size, and proportion of colonies or parts of colonies exhibiting
obvious differentiation. Grade 5 indicates “ideal” cultures, with large undifferentiated
colonies and negligible differentiation. Grade 4 indicates a very good culture, but
with some obvious differentiation. Grade 3 indicates an acceptable culture, but with
around half the colonies exhibiting obvious differentiation. Grade 2 cultures are
predominantly differentiated, with occasional putative undifferentiated cells. Grade 1
cultures contain differentiated colonies or the cultures did not adhere or did not
survive. Cultures that exhibited good expansion of undifferentiated cells were

passaged to assess longer-term culture in these conditions.

[00185] Example 1 - Expression of ErbB1-3, Nrgl and ADAM]19 in BGO1v
cells
[60186] Real time RT-PCR was used to demonstrate expression of ErbBI1-3,

Neuregulin and ADAM-19 in BGOlv cells (Figure 1). BGO1v cells cultured in DC
media as described above, containing 100 ng/mL LongR3-IGF1 (LR-IGF1), 8 ng/mL
FGF2 and 1 ng/mL Activin A were harvested and RNA was prepared using the
RNeasy mini kit (Qiagen) according to the manufacturer’s instructions. First strand
cDNA was prepared using the iScript kit (Biorad) and real time PCR was carried out

using a MJ Research Opticon thermal cycler.
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[00187] TagMan assays on demand (Applied Biosystems) for ADAMI9
(Hs00224960 m1), EGFR (Hs00193306 ml), ErbB2 (Hs00170433 ml), ErbB3
(Hs00176538 m1), NRG1 (Hs00247620 m1), OCT4 (Hs00742896 s1) and control
GAPDH were used with TagMan universal PCR (Applied Biosystems). The real time
amplification plots are shown in Figure 1, demonstrating expression of these

transcripts in undifferentiated BGO1v cells.
[00188] Example 2 -~ Inhibition of ErbB2 Slows Proliferation of BG01v Cells

[00189] The EGF domain family of ligands bind to the ErbB family of receptor
tyrosine kinases. To examine the effect of known inhibitors of ErbB tyrosine kinases
in hESCs, BGO1v cells were plated in 6 well trays on MATRIGEL™ diluted at
1:1000, in defined culture medium (DC) containing 100 ng/ml. LongR3-IGF1, 8
ng/mL FGF2 and 1 ng/mL Activin A. On the next day, DMSO (carrier control), 50
nM-20 uM AG1478 (an ErbB1 inhibitor), or 100 nM-20 uM AG879 (an ErbB2
inhibitor) was added with fresh medium. The cells were cultured for an additional 5
days, with daily media changes. The cultures were then fixed and stained for alkaline

phosphatase activity.

{60196} Subconfluent colonies of AP+ BGO1v cells observed (Figures 2A, and
B) in control and AG1478 cultured cells, indicating that neither DMSO nor AG1478

(50 nM-20 pM) had an apparent affect on cell proliferation. AG879, however,

substantially inhibited cell growth at 5 uM (Figure 2C) and caused cell death at 20
pM (not shown). The cultures grown in AG879 did not appear to differentiate and
appeared to maintain a pluripotent morphology and alkaline phosphatase activity,
indicating that AG879 appeared to inhibit proliferation without inducing
differentiation, suggesting that BGO1v cells are reliant on ErbB2 signaling for cell
surv—ival. Conversely, BGOlv cells grown in similar conditions as above do not

appear to be reliant on ErbB1 signal for proliferation.
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[66191] Example 3 - BGOIv cells are Maintained in Defined Media Containing
Heregulin

[00192] Expression of ErbB2 and ErbB3 and the inhibition of proliferation with
AG879 suggested that BGO1v cells have active endogenous ErbB signaling and that they
may also respond to exogenous HRG-B. BGOIlv cells were grown in DC medium
containing 10 ng/mL HRG-B, 200 ng/mL LongR3-IGF1, 8 ng/mL FGF2 and 10 ng/mL
Activin A, on MATRIGEL™ diluted 1:1000 (Figures 3A and B). These cells were
grown for 4 passages, or >20 days, exhibited undifferentiated morphology and did not

show elevated spontaneous differentiation.

[60193] Furthermore, BGO1v cells were also maintained for 2 passages, or >13
days, in DC medium comprising 10 ng/mL HRGB, 200 ng/mL LongR3-IGF1, and 10
ng/mL Activin A. These cultures proliferated normally and exhibited very low
spontaneous differentiation, demonstrating that BG0lv cells could be maintained in

defined conditions with HRGP in the absence of FGF2.

[00194] Example 4 —The Role of ErbB2-Directed Tyrosine Kinase in ES Cells

[00195] RT-PCR demonstrated that mESCs express ADAMI9, Neuregulin!
(Nrgl), and ErbB1-4 (Figures 4A). In mESCs, ErbB2 and 3 appeared to be expressed at
higher levels than ErbB1, with low levels of ErbB4 being detected. These data suggest

that endogenous HRG-f could be involved in driving mESC self-renewal.

[00196] The expression of the ErbB receptor transcripts in mouse embryonic
fibroblasts (MEFs) was also examined (Figure 4B). MEFs are a heterogenous population
of cells derived from E12.5-13.5 viscera that have been used historically to maintain
mouse and human EC cells and ES cells. Expression of Nrgl and Adaml19 in this
population suggests that the HRG-P ectodomain is also present in MEF-conditioned

media and may exert significant effects upon pluripotency.

[06197] AG1478 and AG879 were used to examine the role of HRG/ErbB
signaling in mouse ES cells. R1 mouse ES cells were maintained in standard conditions
in DMEM, 10% FBS, 10% KSR, 0.5 U/mL penicillin, 05 U/mL
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streptomycin, 1IXNEAA, I mM sodium pyruvate, 1000 U/mL LIF (ESGRO), 0.1 mM
B-ME, and were passaged with/ 0.5% trypsin/EDTA. 2x10° cells/well were plated in 6
well trays on MATRIGEL™ diluted at 1:1000. The day after plating, DMSO (carrier
control), 1-50 uM AG1478, or 1-50 uM AG879 was added with fresh medium. The
cells were cultured an additional 8 days, with daily media changes. The cultures were

then fixed and stained for alkaline phosphatase activity.

[00198] DMSO and 1-50 uM AGI478 had no apparent affect on cell
proliferation, with subconfluent colonies of alkaline phosphatase positive mESCs
observed (Figures 5A-C). However, AG879 substantially inhibited cell growth at 50
uM (compare Figures 5D and SF) and may have slowed proliferation at 20 pM
(Figure SE). mESCs grown in AG879 did not appear to differentiate and maintained
a pluripotent morphology, and alkaline phosphatase activity.

[00199] The results indicate that AGR879 appeared to inhibit proliferation,
without inducing differentiation, of mESCs, suggesting that mESCs require ErbB2
signaling for proliferation. Conversely, mESCs do not appear to be reliant on an
ErbB1 signal for proliferation. The concentration of AG879 required to inhibit
proliferation was ~10x higher for mESCs than that for BGO1v cells grown in defined
conditions, indicating that either the serum used in the mESC conditions may have
interfered with the activity of the drug, that AG879 has a lower affinity for the mouse
ErbB2 tyrosine kinase than for human ErbB2 tyrosine kinase, or that ErbB2 may play
slightly different roles with the different species of ES cells.

[00200] Another highly selective inhibitor of the ErbB2 tyrosine kinase,
tyrphostin AG825 (Murillo, et al. 2001 Cancer Res 61, 7408-7412), was used to
investigate the role of ErbB2 in human ESCs. AGS825 significantly inhibited
proliferation of hESCs growing in conditioned medium (CM) (Fig. 6A). AG825
inhibited proliferation without widespread cell death, and viable hESCs could be
maintained for >5 days (not shown). Western blotting showed that AG825 inhibited
autophosphorylation of ErbB2 at tyrosine-1248 in starved/heregulin (HRG) pulsed
hESCs growing in DC-HAIF (Fig. 6B). Thus, disruption of ErbB2 signaling severely
inhibited hESC proliferation. To establish hESCs in defined growth conditions,
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cultures could be passaged directly from CM conditions into DC-HAIF and exhibited
minimal spontaneous differentiation (Fig. 6C). Colony and cell-counting assays
confirmed that LongR3-IGF1 and HRG played the major roles in self-renewal and
proliferation in the context of one of the embodiments of the present invention (Fig.
6D, 6E). Phosphorylation of IGFIR, IR, FGF2a, ErbB2, and ErbB3 was also
observed in both steady-state DC-HAIF cultures, and in starved cultures that were
pulsed with DC-HAIF (Fig. 6F).

[00261] Example 5 - Culture of Mouse ES Cells in Defined Conditions
[002062] To further examine the role of HRG/ErbB2 signaling in mouse ES

cells, the proliferation of R1 ES cells was examined in DC medium using a
combination of growth factors. 1x10° cells/well were plated in 6-well trays, coated
with 0.2% gelatin, in DC containing combinations of 10 ng/mL HRG-f, 100 ng/mL
LongR3-IGF1, 1 ng/mL Activin A, 1000 U/mL mouse LIF or 10 ng/mL. BMP4 (Table

1, below). Proliferation was observed over 8 days.

[00203] Viable colonies only grew in conditions containing at least LIF/HRG-B
or LIF/BMP4 (Table 1). No additional obvicus benefit was observed when LongR3-
IGF1 or Activin were added to these combinations. Normal proliferation was
observed in a control parental cuiture, and no viable colonies were observed in

defined media without any growth factors.
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Table 1

HRG IGF Activin  LIF  BMP4 | Growth

+ No
+ + Yes
+ + No
+ + + Yes
+ + + No
+ + + + Yes
+ + No
+ + + Yes

+ + Yes
+ + + Yes

[00204] A qguantitative assay was performed by plating 2x10° cells/well in 6-

well trays on 1:1000 MATRIGEL™, in selected combinations of 10 or 50 ng/mL
HRG-B, 10 ng/mL EGF, 1000 U/mL LIF or 10 ng/mL. BMP4. The cultures were
grown for § days, fixed, and the number of alkaline phosphatase colonies was counted
(Figure 7A). No colonies were observed in defined conditions without growth
factors, and <45 colonies were observed with HRG-8, HRG-B/EGF and HRG-3/BMP
combinations. While 1358 colonies were observed in LIF alone, 4114 and 3734
colonies were observed in the 10 ng/ml. HRG-B/LIF and 50 ng/mL HRG-B/LIF
combinations, respectively. This indicated that in defined conditions, LIF alone
provided a substantial pluripotency signal, and HRG-B exhibited a large synergistic
effect with LIF, more than doubling the number of proliferating mESC colonies in
this assay. Low magnification images of this assay also indicate this synergistic

proliferative effect (Figures 7B-G).
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[00265] Example 6 — Characterization of Pluripotency of Human Embryonic
Stem Cells (RESCs) maintained in DC-HAIF

[00206] Multiple approaches were used to confirm the maintenance of plasticity of
hESCs in DC-HAIF. BGO2 cells cultured in-DC-HAIF for 6 months (25 passages)
maintained the potential to form complex teratomas (Fig. 8A) and representatives of the
three germ layers in vitro (Fig. 8B). Transcriptional analyses were used to compare
global expression in hESCs cells (Liu et al 2006, BMC Dev Biol 6, 20) maintained in CM
and DC-HAIF. Greater than 11,600 transcripts were detected in BG02 cells grown in
DC-HAITF for 10 and 32 passages, and BG02 cells grown in CM for 64 passages. There
were about 10364 transcripts common to all populations (Fig. 8C), including known
hESC markers such as CD9, DNMT3, NANOG, OCT4, TERT and UTF1 (not shown).
High correlation coefficients were observed in comparisons of CM and DC-HAIF
cultures (R’select=0.928), as well as in early and late passage cells (R%select=0.959) (Fig.
8D). Hierarchical clustering analysis demonstrated that BG02 cells maintained in DC-
HAIF grouped tightly and retained a close similarity to BG02 and BGO3 cells maintained
in CM (Fig. 8E). These data are consistent with previous analyses showing that
undifferentiated hESCs clustered tightly compared to embryoid bodies or fibroblasts (Liu
et al 2006, BMC Dev Biol 6, 20). Thus, cells maintained in the compositions of the
present invention are able to maintain key markers of pluripotency. Accordingly, the
compositions of the present invention can be used as a simple medium for supporting

self-renewal of differentiable cells.

[002067] Example 7 — Maintenance of Human Embryonic Stem Cells (hRESCs) on
Humanized Extracellular Matrices (ECMs) in DC-HAIF

166208] To investigate the role of ErbB2 signaling and develop
a defined media for hESCs, DC-HAIF cultures were initially expanded
on culture dished coated with growth factor-reduced MATRIGEL ™1]:30,
but could also be  maintained  successfully long-term  on  this
substrate diluted 1:200 (Fig. 9A), or 1:1000. BGO2 and CyT49 hESCs

could also be maintained for >5 passages on tissue culture dishes coated with
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human serum (Fig. 9B); human fibronectin (Fig. 9C); or VITROGRO™ (Fig. ID),
which is a proprietary humanized ECM.

[00209] Example 8 — Single Cell Passaging of Human Embryonic Stem Cells
(hESCs) ‘
[00210] Multiple research groups have demonstrated that certain triplodies,

notably of hChr12 and 17, are accumulated in hESCs under certain sub-optimal
culture conditions (Baker et al., 2007 Nat. Biotech.25(2):207-215). The appearance
of triploidies seems to be most directly related to poor cell survival when cultures are
split to single cells at passaging, providing a presumed strong selective growth
advantage for cells harboring these aneuploidies. Conversely, hESCs growing in one
embodiment of the present invention, DC-HAIF, maintained high viability at plating
after being split to single cells (Fig. 10A-D). BGO1 and BG02 cells maintained a
normal karyotype (Fig. 10E) after being passaged with ACCUTASE™ for > 18 and
19 passages respectively. The maintenance of normal karyotype in cells demonstrated
that disaggregation of hESC cultures to single cells did not inherently lead to the
accumulation of these trisomies in hESCs maintained in DC-HAIF. BG01 and BG02
cultures were also passaged by disaggregation to single cells with multiple passaging
agents (Fig. 11). Cultures were split with ACCUTASE™, 0.25% Trypsin/EDTA,
TrypLE, or VERSENE™ (EDTA) for 5 passages and karyotyped. The data
demonstrate that culturing and passaging hESCs in the compositions of the present
invention maintained a normal karyotype in at least two human embryonic cell lines,

using a variety of cell disaggregation reagents.

[00211] Large-scale expansion of undifferentiated hESCs is also possible,
using the compositions of the present invention. A starting confluent culture of BG02
cells in a 60 mm plate was expanded in DC-HAIF through 4 passages to generate
>1.12 x10" cells in 20 days in a single experiment. The cultures remained
undifferentiated, as demonstrated by >85% of the cells in the batch maintaining
expression of markers of pluripotency such as OCT4, CD9, SSEA-4, TRA-1-81 when
examined by flow cytometry (Fig. 12A). Expression of other markers of pluripotency

was also observed by RT-PCR analysis, while markers of differentiated lineages a-

78



10

I5

20

25

fetoprotein, MSX1 and HAND1 were not detected (Fig. 12B). Fluorescence in sifu
hybridization analysis demonstrated that the cells cultured and passaged in DC-HAIF
maintained expected copy numbers for hChri2 (98% 2-copy), hChrl7 (98% 2-copy),
hChrX (95% 1-copy) and hChrY (98% l-copy) (Fig. 12C). Karyotyping analysis also
demonstrated that a normal euploid chromosome content and banding profile was

maintained in these cells.

[00212] Example 9 ~ Insulin and IGF1 Exert Different Effects on hESCs When
Applied at Physiological Concentrations

[60213] Essentially all of the reported culture conditions for hESCs to date include
supraphysiological levels of insulin, which can stimulate both IR and IGFIR. To
distinguish the activities that insulin and insulin-substitutes exert, compared to IGFI,
hESCs are cultured in defined media conditions in physiological levels of these growth
factors. The concentrations of insulin and IGF1 are titrated from about 0.2 to about 200
ng/ml and cell proliferation is monitored by counting cells after 5 days. Cultures that
expand successfully are serially passaged 5 times. Physiological levels of IGF1 support
the expansion of hESC cultures, whereas physiological levels of insulin do not, indicating
that the activity of insulin or insulin-substitutes cannot replace IGF1, and that IGF1 and
insulin (or insulin substitutes) represent separate classes of biological activities with

regard to action on hESCs.

{00214} Example 10 — Methods for Screening the Effects of Supplements
[60215] To initially examine the effects of Vitamin B,, and Vitamin Bg on the

growth or differentiation hESCs growing at an intermediate density, BG02 cells are split
using ACCUTASE™ and 1 x 10° cells/well are plated in 6-well trays in defined culture
(DC) media. The DC media contains 10 ng/mlL HRG-B, 200 ng/mL LongR3-IGF1, and
10 ng/mL. FGF10. Vitamin Bg (0.5 pM) and/or Vitamin By, (0.5 pM) are added to
experimental wells. Cell numbers in each condition are counted after 7-days. Cell
counting and colony counting of both experimental and control wells will provide insight

on the effects of Vitamin Bg and Vitamin By, on cell growth.
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[60216] In addition, markers of differentiation, such as OCT4 can be assayed in
the experimental well to determine the effects of the additives and supplements to the

differentiation state of the differentiable cells.
[06217] Example 11 ~ Culturing of hESCs in the Absence of FGF2

[00218] BGO2 cells were maintained long term in DC-HAI for 20 passages (Fig.
13A), and BGO1 cells were also serially passaged in DC-HAI both in the absence of
FGF2. The cultures did not deteriorate or exhibit overt differentiation, and exhibited
normal expansion of undifferentiated colonies throughout the culture period. The
maintenance of a normal male karyotype in a BG0O2 culture was demonstrated after 6

passages in DC-HAIT (Fig. 13B, 20/20 normal metaphase spreads).

[60219] Transcriptional analyses were used to compare global expression in
hESCs cells maintained in DC-HAIF and DC-HAL Total cellular RNA was isolated from
hESCs using Trizol (Invitrogen) and was treated with DNase 1 (Invitrogen) according to
the manufacturer’s suggested protocol. Sample amplification was performed with 100 ng
of total RNA using the Hllumina RNA Amplification kit and labeling was achieved by
incorporation of biotin-16-UTP (Perkin Elmer Life and Analytical Sciences) at a ratio of
1:1 with unlabeled UTP. Labeled, amplified material (700 ng per array) was hybridized
to Illumina Sentrix Human-6 Expression Beadchips containing 47,296 transcript probes
according to the manufacturer’s instructions (Illumina, Inc.). Arrays were scanned with
an [lumina Bead Array Reader confocal scanner and primary data processing,
background subtraction, and data analysis were performed using [llumina BeadStudio
software according to the manufacturer’s instructions. A minimum detection confidence
score of 0.99 (a computed cutoff indicating the target sequence signal was distinguishable
from the negative controls) was used to discriminate the presence or absence of transcript
expression. Data analysis was performed using parallel approaches described for other
hESC samples (Liu et al 2006, BMC Dev Biol 6:20). Hierarchical clustering was
performed as described previously (Liu et al 2005, BMC Dev Biol 6:20), and was based

on average linkage and Euclidean distances as the similarity metric using differentially

expressed genes identified by ANOVA (p<0.05). Detailed descriptions
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of the sensitivity and quality control tests used in array manufacture and algorithms used
in the Bead studio software are available from Illumina, Inc (San Diego, CA). The
majority of transcripts detected were expressed in both DC-HAIF and DC-HAI BG02
cultures, including known hESC markers such as CD9, DNMT3, NANOG, OCT4, TERT
and UTF1 (not shown). High correlation coefficients were observed in comparisons of
DC-HAIF and DC-HAI cuitures (R* select=0.961) (Fig. 14). Hierarchical clustering
analysis demonstrated that BGO2 cells maintained in DC-HAI grouped tightly and
retained a close similarity to cells maintained in DC-HAIF, as well as BG02 and other
hESC lines in multiple culture formats (Fig. 15). These data are consistent with previous
analyses showing that undifferentiated hESCs clustered tightly compared to embryoid
bodies or fibroblasts (Liu et al 2006, BMC Dev Biol 6:20).

[00220] Furthermore, BG02 cells maintained i DC-HAI differentiated to
representatives of mesoderm, endoderm and ectoderm in complex teratomas formed in
SCID-beige mice (not shown), formally demonstrating the maintenance of pluripotency

in cultures grown in the absence of exogenous FGF2.

[06221] To examine if exogenous FGF2 was required in the context of single cell
passaging, BGO1 cells were passaged with ACCUTASE™ and grown in defined
conditions containing only 10 ng/mL HRG-§ and 200 ng/mL LongR3-IGF1 (DC-HI).
These DC-HI cultures were maintained for 10 passages, and did not exhibit overt

differentiation or a slowing of proliferation.

[60222] These studies clearly demonstrated that the provision of exogenous FGF2
is not required when hESCs are maintained in defined media minimally containing
heregulin and IGF1. Furthermore cultures absent FGF2 retained key properties of
pluripotency, including transcriptional profile and differentiation to mesoderm, endoderm

and ectoderm in vivo.
[00223] Example 12 - Suspension Cultures

[00224] Starting cultures of BGO2 cells were maintained in DC-HAIF medium on

dishes coated with 1:200 mairigel, as described herein and were split by passaging
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with ACCUTASE™. To initiate suspension culture, BG02 cells were disaggregated
with ACCUTASE™ and placed in low attachment 6-well trays at a density of 1.6, 3,
or 6 x10° cells/mL (0.5, 1, or 2 x10° cells in 3 mL volumes) in DC-HAIF medium.
The trays were placed on a rotating platform at 80-100 rpm in a humidified incubator
with 5% CO2. Under these conditions hESCs coalesced into small spheres of

morphologically viable cells within 24 hours.

[00225] The medium in the wells was changed on the second day, and every
day thereafter. Suspension aggregates continued to proliferate, growing larger over
time without obvious signs of differentiation (Figure 17). Some of the spheres
continued to aggregate over the course of the culture, as some aggregates became
much larger than the majority. In addition, non-spherical aggregates could be
observed in the process of merging during the first few days of the culture. To limit
this continued aggregation, 38 pg/mL DNasel was included in some suspension
cultures for the first 24 hours. This approach appeared to be conducive to the initial
aggregation, with relatively larger, but fewer, aggregates formed in the presence of
DNasel. It is not clear, however, if the DNasel treatment reduced the subsequent
merging of spheres and exposure to DNasel consistently made these aggregates

harder to break up when splitting.

{00226] Suspension cultures were disaggregated with ACCUTASE™
approximately every 7 days and new spheres were established. While the densities
varied in different experiments, spheres established within this range of densities (1.6-
6 x10° cells/ml) could be maintained in culture for more than 12 passages, or >80
days, without morphological signs of differentiation. FISH analyses of serially
passaged suspension hESCs were also performed to assess the chromosome number
for common aneuplodies. BGO2 cells that had been grown in suspension for 6
passages exhibited normal counts for hChr 12 (96% two copy, n=788), hChr 17 (97%
two copy, n=587), hChr X (97% one copy, n=724) and hChr Y (98% one copy,
1=689).
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[06227] Example 13 - Expansion of Differentiable Cells in Suspension Culture

[00228] Unlike embryoid body culture in the presence of serum or inducers of
differentiation, suspension aggregates of hESCs in DC-HAIF did not appear to
differentiate. Obvious visceral endoderm was not observed, neither was the formation of
structures resembling proamniotic cavities, both classic signs of embryoid body
differentiation. To examine the lack of differentiation more closely, cultures were plated
back into adherent conditions on MATRIGEL™ diluted 1:200 and cultured in DC-HATF.
These cultures were also primarily undifferentiated, and did not exhibit obvious
morphological signs of increased differentiation such as the presence of larger, flattened

cells, or structured regions.

[66229] Cell counting was used to assess the relative growth rates of cells in
suspension compared to adherent culture. In this experiment, an adherent culture of
BGO02 cells was passaged with ACCUTASE™, and about 1x10° cells were placed in
parallel suspension or adherent culture wells. Individual wells were counted on days 1-6
and plotted on a log scale (Figure 18). While a higher initial proportion of hESCs were
viable after 24 hours in adherent culture (~90% vs ~14%), growth rates were comparable
thereafter. This indicated that hESCs could proliferate just as rapidly in suspension
culture as in traditional adherent culture. Cell counts performed during passaging allows
one to gauge the amount of expansion possible in this simple suspension system. In
several cultures seeded with 5x10° cells, approximately 107 cells, or more, were generated
after 7 days. The expansion after 7 days in suspension culture equated to about a 20-fold

or more expansion, with the largest expansion observed being ~24x the input cell number.

{00236} Example 14 - Characteristics of Differentiable Cells Expanded in

Suspension Culture

[66231] Quantitative RT-PCR (qPCR) was used to compare gene expression in
hESCs grown in suspension and adherent culture in DC-HAIF. Comparable levels of OCTA4,

a marker of pluripotent cells, were observed in both culture formats,
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confirming that cultures maintained in suspension were primarily undifferentiated.
SOX17, a marker of definitive endoderm, was not expressed in either population of
hESCs. The qPCR analysis also examined the potential of suspension hESCs to
differentiate to definitive endoderm, as aggregates in suspension. Adherent and
suspension hESCs were differentiated using parallel conditions. hESC cultures were
treated with RPMI containing 2% BSA, 100 ng/mL Activin A, 8 ng/mL FGF2 and 25
ng/ml. Wnt3A for 24 hours, followed by 2 days in the same medium without Wnt3A.
The expression of OCT4 was downregulated, and expression of SOX17 upregulated
similarly in both definitive endoderm samples compared to undifferentiated hESCs. This
differentiation analysis confirmed that hESCs cultured in suspension in DC-HAIF
maintained their differentiation potential, as evidenced by the likely formation of

definitive endoderm.
[00232] Example 15— Addition of an Apoptesis Inhibitor in Suspension Culture

[00233] To attenuate the loss of cells after initial passaging in suspension, an
inhibitor of apoptosis was added to the medium. Cells were passaged as in Example 12,
except that Y-27632, an inhibitor of p160-Rho-associated coiled-coil kinase (ROCK),

was added to the medium.

[00234] Suspension aggregates of BG02 cells were formed by seeding 2x10°
single cells in 6-well dishes in 3 mL DC-HAIF medium, at 100 rpm on a rotating
platform in an incubator (Table 2, Experiment A). 10 uM Y27632 ROCK inhibitor was
added to test wells for the course of the experiment and the cultures observed daily and
counted after 24 hours (day 1) and after 4 or 5 days. As shown in Figure 20, addition of
Y27632 had a profound effect on the initial aggregation phase of suspension culture.
Compared to cells aggregated in medium without inhibitor, much larger aggregates were
formed in the presence of Y27632 (Figure 20). Cell counting confirmed that more viable
cells were present in the presence of inhibitor (Table 2, Experiment A). This difference
in cell number persisted throughout the course of the culture period, with more
cells also observed on day 4, compared to cultures without inhibitor. As with

previous  suspension  culture  experiments, cells exposed to  Y27632
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could also be serially passaged, and maintained in an undifferentiated state (not
shown). When the aggregates were split again, almost twice as many cells were
observed with Y27632 treatment (Table 2 Experiment A). RT-PCR analysis
demonstrated that BG02 cells grown in suspension culture in the presence of Y27632

remained undifferentiated (Figure 21).

[06235] As previous experiments had shown that growth rates of cells in
suspension and adherent culture were similar after the initial 24 hours, an experiment
was performed where Y27632 was removed after this initial period (Table 2,
Experiment B). Consistent with these previous observations, Y27632 enhanced initial
survival and aggregation of hESCs after initial passage, but removing the inhibitor
after 24 hours did not negatively impact the number and viability count of cells
analyzed on day 5. 1.4x10° (+Y27632) and 1.8x107 (+/-Y27632) viable cells were
generated when inhibitor was present compared to 3.9x10° cells in untreated cultures.
This analysis confirmed that Y27632 had the largest impact during the first 24 hours

of suspension hESC culture.

[00236] Because of the enhanced survival and aggregation observed in the
presence of Y27632, an experiment was performed to examine if it was possible to
reduce the number of cells used to seed suspension cultures (Table 2, Experiment C).
Previous experiments had indicated that seeding ES cells at a low density of about
5x10° cells per 3mL DC-HAIF, or less, did not work well. To determine if addition
of a ROCK inhibitor would allow cell seeding at lower densities, a range of cell
concentrations (from about 2x10° total cells down to about 1x10° total cells was used
to seed suspension cultures in 6-well trays cells in 3 mL DC-HAIF. 10 pM Y27632
was added to all conditions, and the cell number and viability assessed on day 5.
Successful aggregation and expansion was observed even at low seeding densities.
An approximately 13 fold expansion of viable cells was observed even cultures that
were only seeded with 1x10° cells. Inhibition of ROCK with Y27632 therefore

facilitated initial survival of hESCs at much lower densities in this suspension system.
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Table 2 - Suspension Cultures with and without an Apoptosis Inhibitor

Expt. | Treatment | Seeding Cell counts: total
(viable, %)
p0, day 1 p0, day 4 pl, day 4
A HAIF 2x10° | 1.9x10° (3.5x10°, 19%) | 1.8x10°(1.3x10°, 2.5%x10° (2.2x10°,
75%) 88%)
+Y27632 | 2x10° | 1.6x10° (1.2x10°, 74%) | 7.8x10° (7.1x10°, 4.6x10° (4.2x10°,
91%) 91%)
p0, day 5
B HAIF 2x10° | 2.9x10° (5.5x10°, 26%) | 4.8x10° (3.9x10°%,
81.3%)
+Y27632 | 2x10° | 1.9x10° (1.4x10°%, 73%) | 1.5x107 (1.4x10,
92%)
+/- 2x10° | N/A 1.9x107 (1.8x107,
Y27632 96%)
p0, day 5
C +Y27632 | 2x10° | 1.9x10° (1.6x10°, 84%) | 1.4x107 (1.2x10",
: 90%)
1x10° | 8.7x10° (6.6x10°, 76%) | 8.6x10° (7.8x10°,
91%)
5x10° | 4.6x10° (3.5x10°, 75%) | 5.7x10° (5.3x10°,
93%)
2.5x10° | 2.6x10° (2.3x10°, 91%) | 2.7x10° (2.5x10°,
91%)
10° 6.8x10% (5.4x10%, 79%) | 1.4x10° (1.3x10°,
92%)

Expt.=Experiment; pO=passage 0, pl=passage 1; N/A=not available; Cell counts and
percentages are rounded to 1 and 0 decimal places, respectively.

[00237] Example 16 — Suspension Cultures in Various Media

[00238]

absence of FGF2 and/or Activin A, ES cells were cultured in a variety of media, with

To determine if suspensions of ES cells could be cultured in the

and without these factors. Table 3 shows cell counting results from suspension
cultures and indicters that suspension cultures could be successfully expanded in the
absence of exogenous FGF2 (HAI conditions), as well as without exogenous FGF2 or
Activin A (HI conditions). The addition of Y27632 increased the yield of cells
generated by day 5 in all conditions. In addition, the cells in each media were

successfully passaged with no morphological signs of differentiation.
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Table 3 — Suspension Cultures in Various Media

Treatment Seeding | Cell counts: total (viable, %) Fold Expansion
p0, day 5

HAIF 2x10° 7.7%10° (6.5x10°, 83%) 3.25

HAI 2x10° 7.0x10° (6.3x10°, 91%) 3.15

HI 2x10° 6.4x10° (5.3x10°, 83%) 2.65

HAIF+Y27632 | 2x10° 1.5x107 (1.3x107, 90%) 6.5

HAI+Y27632 | 2x10° 1.5x107 (1.3x107, 91%) 6.5

HI+Y?27632 2x10° 1.9x107 (9.2x10°, 49%) 4.6

[00239] Example 17 — Optimized shear rate resulis in increased survival,

uniform density and size of suspension cell aggregates

[00240] It is contemplated that any cell line that can be maintained in a
suspension cell culture will benefit from and can be utilized in accordance with the
systems, methods and apparatus disclosed herein. Cells include, but are not limited to,
mammalian cells, including but not limited to human cell lines CyT49, CyT203,
Cyt25, BGO1 and BGO02, mouse, dog, and non-human primate stem cell lines, as well

as others.

[06241] Results provided herein indicate that cell proliferation and
differentiation can be maintained at control levels or attenuated, depending on the
operating parameters of the reactor apparatus, particularly rate of culture flow and
provided shear force. The shear force exerted on cell culture can have significant
effects on cell proliferation. A symmetrical system, such as a rotating platform
employed herein, provides a uniform, primarily laminar, shear stress around the
vessel, while an asymmetrical system and mounting, such as a stirred-tank bioreactor,
has regions of turbulent flow that are characterized by locally high shear stress. As
such, if the bio-reactor or cell-culture apparatus is not a symmetrical system, the
direction of culture flow affects both the nature and the degree of a shear stress that

results from rotation.

[60242] Of course, optimal rotational speeds are culture specific and can vary
depending upon cell count in the cell culture, the viscosity of culture media, type of
media, the robustness of the particular cells in suspension (some cells being able to
withstand a higher level of shear forces than others). Optimal rotational speeds are easily

determined for the particular set of conditions at hand. In particular, rotational
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speeds described and contemplated herein are useful in order to maintain laminar flow
conditions. Therefore, the experiments described herein were under conditions where:
1) cell proliferation and differentiation was maintained at or near control levels; and
2) conditions at which cell proliferation and differentiation was attenuated. The
following is a general method which works well for maintaining hES cell aggregate
cultures or differentiated hES cell aggregate cultures. One skilled in the art can
optimize the size and shape of the cell aggregates based on the description provided

herein.

[60243] Table 4 below describes shear rate and stress as it relates to the
diameter (um) of the cell aggregates. Human ES cells were aggregated for 1, 2, 3
and/or 4 days at various rotation speeds using an orbital rotator (Barnstead LabLine
Multipurpose Rotator): 60 rpm, 80 rpm, 100 rpm, 120 rpm, 130 rpm, 140 rpm, 150
rpm and 160 rpm. Table 4 also demonstrates that the effective shear rate experienced

by the cell aggregates depends on the diameter of that cell aggregate.
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Table 4 — Size of cell aggregates is dependent on shear rate and shear stress

Aggregate Rotation | Dimensionless| Shear Stress | Shear Rate

Diameter {(um) | Rate (rpm) Stress (dynes/cm”2) {1/sec)
200 140 0.94 3.16 322.24
120 0.76 2.06 210.12

100 0.59 1.24 126.82

80 0.43 0.66 67.05

60 0.29 0.30 30.17

175 140 0.72 2.42 246.72
120 0.58 1.58 160.87

100 0.45 0.65 97.10

80 0.33 0.50 51.33

60 0.22 0.23 23.10

150 140 0.53 1.78 181.26
120 0.43 1.16 118.19

100 0.33 0.70 71.34

80 0.24 0.37 37.71

60 0.16 0.17 16.97

125 140 0.37 1.23 125.88
120 0.30 0.80 82.08

100 0.23 0.49 49.54

80 0.7 0.26 26.19

60 0.11 0.12 11.79

100 140 0.24 0.79 80.56
120 0.19 0.51 52.53

100 0.15 0.31 31.71

80 0.11 0.16 16.76

80 0.07 0.07 7.54

[00244] To determine how rotation speed controls the diameter of ES

aggregates, we generated ES aggregates by rotation at 100rpm, 120rpm or 140rpm.
Aggregate diameters were quantitated from 5X phase contrast images taken after 2
days in rotation culture. For the 100rpm culture, the average diameter +/- SD was
198um +/- 21pm. For the 120rpm culture, the average diameter +/- SD was 225um
+/- 28pm. For the 140rpm culture, the average diameter +/- SD was 85pm +/- 15um.
Each diameter distribution is statistically significant (p<.001) using ANOVA and the
Tukey Multiple Comparison post-test. As shown in Table 4, the shear rate increases
exponentially from 60rpm to 140rpm, e.g., the shear rate for a 100 um diameter
aggregate was approximately 30 sec-1 at 100 rpm and approximately 80 sec -1 at 140
rpm, which is about a 3-fold increase. Typically, rotation speeds above 140 rpm
resulted in larger, less uniform hES cell aggregates. Cell aggregate cultures can also

be cultured initially at reduced rotation speeds, e.g., 60 rpm to 80rpm for about 1 day,
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and then cultured at a higher rotation speed thereafter (e.g., 100 rpm-140rpm ore

more) without any deleterious effects to the size and or shape of the cell aggregates.

[00245] It is important to note, that although the diameters of the cell
aggregates varied accordingly with the shear rate, there were no profound effect in
gene expression among the various conditions, i.e. different rotation speeds and/or
different size and shaped cell aggregates. That is, the signature markers observed for
the pluripotent hES cells or the hES-derived cell types (e.g., definitive endoderm,
foregut endoderm, PDX1-endoderm, pancreatic endoderm and endocrine cells) were

consistent with what that described in &’ Amour et al., supra and related applications.

[00246] To determine the effect of rotation speed, shear rate and shear stress on
cell survival or cell viability, it was demonstrated that survival was improved by a
single day at reduced speeds (e.g., 60 rpm to 80 rpm). For example, cell survival
ranged was at least 60% or higher at rotation speeds between 60 rpm to 140 rpm.
Also, the number of cell aggregates was higher at d1, d2 and d3 in the reduced
rotation speed cultures as compared to higher rotation speeds (e.g., 100rpm or higher).
There was also significant disruption and disaggregation when cell aggregates were
cultured at the higher rotation speeds (e.g., 140rpm or higher). Taken together, these
data indicates that cell survival is increased when the cell aggregates were first
cultured for at least a single day at reduced rotation speed, however, there was no
significant drop in cell survival when rotation speeds were increased to 100rpm to

140rpm; although, differentiation at rotation speeds less than 140 rpm is preferred.

[00247] Also, culture volume effects shear rate and shear stress which in turn,
as discussed above, affects uniformity of size and shape of the cell aggregates. For
example, when single cell suspension cultures are initiated to form cell aggregates in
6mL as compared to those initiated in 4mL resulted in a more uniformly sized and
shaped cell aggregates. See FIG. 23, whereby the diameters of the cell aggregates
varied from less than 50 microns to greater than 250 microns when cultured using
4ml., whereas when cultured in 6mL, the diameters were had a tighter range and

rapged from greater than 50 microns to less 200 microns. Although the described cell
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aggregates were initiated from single cell suspension cultures made from adherent
hES cell cultures, cell aggregate suspension cultures initiated from hES-derived
adherent plate cultures would be expected to behave similarly. Thus, the volume of
the media is likely independent of the stage whereby cell aggregate suspension

cultures are initiated.

{00248} Moreover, hES cell aggregates can be cultured in a variety of different
media conditions. For example, hES cell aggregate cultures can be maintained in
StemPro® containing media, in DMEM/F12 containing media; or DMEM/F12
containing 20% Knockout serum replacement (KSR, Invitrogen) media; or either
StemPro® and DMEM/F12 media further containing 20 ng/mL FGF (R&D Systems)
and 20 ng/mL Activin A (R&D Systems); or StemPro® and DMEM/F12 media
further containing 10 ng/mL Heregulin B. Alternatively, any of the media mentioned
herein and those commercially available can also be used supplemented with xeno-
free KSR (Invitrogen). Lastly, cell aggregates were also produced and cultured in any

of the above media and further not containing exogenous FGF.

[00249] Example 18 — hES cell aggregates in suspension can differentiate to

endoderm-lineage type cells

100250] Human embryonic stem (hES) cells were maintained and differentiated
in vitro to definitive endoderm (stage 1), foregut endoderm and PDX1 endoderm

substantially as described in d’ Amour et al. (2006) supra, and U.S. Patent Application

‘Publication Number 2005/0266554, 2005/0158853, 2006/0003313, 2006/0148081,

2007/0122905 and 2007/0259421.

[06251] Briefly, undifferentiated pluripotent hES adherent (plate) cells were
maintained on mouse embryo fibroblast feeder layers (Millipore, formerly Chemicon or
Specialty Media) or on human serum coated 60mm plates (0.1 to 20% final concentration;
Valley Biomedical) in DMEM/F12 (Mediatech) supplemented with 20% KnockOut
serum  replacement (Invitrogen/Gibco), 1 mM nonessential amino  acids
(Invitrogen/Gibeo), Glutamax (Invitrogen/Gibco), penicillin/streptomycin (Invitrogen/
Gibco), 0.55 mM 2-mercaptoethanol (Invitrogen/Gibco) and 4 ng/mL to
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20 ng/mL recombinant human FGF2 (R&D Systems). Alternatively, the above media
can be supplemented with KSR Xeno-free (Gibco) and human serum. Also, human
serum has been added to the culture after the hES cells have been seeded on uncoated
culture plates. Low dosages of Activin A (2-25 ng/ml, R&D Systems) were added to
the growth culture medium to help maintain undifferentiated growth. Adherent
pluripotent hES cells at day 0 (d0) express high levels of pluripotent protein marker,
OCT 4. See FIG.1, panel A, plate controls at d0.

[00252] The cells were either manually or enzymatically passaged again
substantially as described in d’Amour et al., supra. The suspension cultures were
dissociated and transferred to a conical tube and centrifuged at 1000 rpm for about 5
minutes. The supernatant was removed and a standard cell count using a ViCell Cell
Analyzer was performed. Typical cell numbers from a 60mm plate range from 3x10°
to 12x10° cells, depending on cell line, and the number of days in culture prior to
passage. Once the number of cells in the primary cell suspension was determined, the
suspension was further diluted with StemPro® or media containing xeno-free KSR as
described above to a final volume of 1 x 10° cells/mL. This volume can be increased
to >4 x 10° cells/mL but may require more frequent feeding. ROCK inhibitor Y27632
(Axxora) was added to the cell suspension to a final concentration of about 1-15 uM,
typically 10 uM, and the tube was mixed by gentle inversion. In some cases, Y27632
was not added to the suspension in order to control the rate of aggregate formation.
The resuspended cells were then distributed equally into each well of a low binding 6-
well dish (about 5 mL of cell suspension per well) and placed on the rotating platform

at 100 rpm to 140 rpm for about 1-4 days prior to differentiation.

[00253] During this culturing period, hES cell aggregates formed and the
cultures were fed at least 1-2 times daily by replacing 4mL of media with 4mL of
fresh StemPro® media minus Y27632, or any of the described media supplemented
with xeno-free KSR. Media exchanges (“feeding”) should be performed as quickly as
possible to disrupt or prevent any agglomeration and to break the surface tension that
may cause aggregates to float during rotation. Also, to optimize growth and
uniformity of the size and shape of the cell aggregates, the cell aggregates should not

be removed from the rotating platform or apparatus for any long period of time. Thus,
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hES cell aggregates can be produced from hES cell adherent cultures which have been

well established in the art.

[00254] The hES cell aggregates can now be directly differentiated as
aggregates in suspension and substantially as described in D’Amour et al. (2006)
supra. Briefly, the StemPro® (minus Y27632) media or any of the described media
supplemented with xeno-free KSR was removed from the wells (e.g. aspirated), and
the hES cell aggregates washed with 5 mL of RMPI with no serum (Cat. 15-040-CV;
Mediatech), Penicillin/Streptomycin (Invitrogen) and Glutamax (Invitrogen) (also
referred to as RMPI, Pen/Strep and Glutamax media), 0% FBS, 1% PenStrep, 1%
Glutamax. The 6-well dish was then placed back on the rotating platform for 1-2
minutes before the wash media was removed. This was repeated at least twice or until
insulin and/or 1GF-1 has been sufficiently removed, because although necessary for
maintenance of pluripotency and ES self renewal, the same factors are detrimental to
controlled, synchronous, lineage-directed differentiation. Differentiation to all
endoderm-lineages by adding and removing various exogenous mitogens was
performed at 100 rpm substantially as described by d’Amour et al. (2006), supra, and

described in more detail below.

[60255] Differentiation to definitive endoderm (stage 1)

[00256] Human ES cell aggregates were differentiated in RPMI, 100 ng/mL
activin A and varying concentrations of FBS (US Defined FBS, HyClone, catalogue
no. SH30070.03), and 25ng/mL — 75 ng/mL Wnt3a for the first day, and in RMPI,
Pen/Strep and Glutamax media, further containing 100 ng/mL activin A and varying
concentrations of FBS (HyClone) for the second and third days (d0 to d2). In most
differentiation experiments FBS concentrations were 0% for the first 24 hours (d1),
0.2% for the second 24 hours (d2), and 0.2% for the third 24 hours (d3), if a three day
stage 1 protocol was used or desired. Preferably a two day stage 1 protocol is

performed.

[60257] QPCR analysis of hES-derived cell aggregates in suspension culture at the
end of a 2 day stage 1 protocol indicates highly efficient directed differentiation of
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hES aggregates to definitive endoderm as compared to the adherent plate controls. Cell
aggregates were formed at 100 rpm, 120rpm and 140rpm. In some experiments hES-
derived aggregates were transferred to bioreactors (spinner flasks) prior to differentiation.
Adherent hES cell cultures as well as hES cell cultures differentiated to definitive
endoderm cells were used as controls. Increased expression levels of SOX17 and FOXA2
was observed in the cell aggregates in suspension and the adherent culture and as
compared to undifferentiated hES cell aggregates and adherent plate controls. See FI1G.22,
panels C (SOX17) & D (FOXA2) at stage 1 (d2). Moreover, expression levels of SOX7,
a gene associated with contaminating extra-embryonic and visceral endoderm, was
significantly reduced in the definitive endoderm cell aggregates as compared to the

definitive endoderm adherent plate controls. See FIG.22, panel L at stage 1 (d2).

[60258] Flow cytometric analyses using CXCR4 and HNF3beta (FoxA2) protein
indicated that directed differentiation of ES cell-derived aggregates resulted in aggregates
that were at least 97% CXCR4-postiive, at least 97% HNF3beta-positive and at least 95%
CXCR4/HNF3beta co-positive.

[00259] To further evaluate the efficiency of hES cell aggregate differentiation,
cryosections of ES-derived cell aggregates were examined for SOX17 and HNF3beta
expression using immunocytochemistry and confocal microscopy. Image analysis of the
stained cryosections demonstrated that greater than ~90% of all cells at the end of stage 1
(definitive endoderm cells) expressed HNF3beta and/or SOX17.

[06260] These data all indicate that highly efficient differentiation of ES cells as
cell aggregates can be achieved, and based on the expression levels of signature definitive
endoderm markers, the methods for producing definitive endoderm as described herein

are more efficient compared to differentiation of adherent plate cultures.

[00261] Differentiation to PDXI-negative foregut endoderm cells (stage 2)

[00262] Human definitive endoderm cell aggregates from stage 1, were briefly
washed in PBS+/ and then differentiated inRMPI, Pen/Strep and Glutamax media,
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further containing 2% FBS, and 25ng — 50ng/mL KGF (R&D Systems) for another 2
or 3 days. In some experiments 5 uM SB431542 (Sigma Aldrich, Inc.) or 2.5 uM
TGF-beta Inhibitor 1V (Calbiochem) was added during the first day of stage 2; and
alternatively with RMPI, Pen/Strep and Glutamax media/0.2% FBS/ITS

(insulin/transferrin/selentum).

[00263] QPCR analysis was performed substantially as discussed above.
Increased expression levels of HNFlbeta and HNF4alpha was observed in the cell
aggregate cultures as compared to the adherent plate controls. See FIG.22, panels E
(HNF1B) and panel O (HNF4alpha) at stage 2 (d5). Methods of producing the
specific stage 0, 1, 2 and 5 hES or hES-derived cell aggregates (or “dAggs” for
differentiated aggregates) were slightly modified in panel O. Differentiated cell
aggregates in this context refers to differentiated hES or hES-derived cell aggregate
cultures which were initiated from adherent plate control cultures, of the
corresponding stage, from which they were derived. For example, at stage 1,
differentiated cell aggregates (“dAggs™) suspension cultures were started from a stage
0 adherent plate and incubated in any of the media described herein for about 24h on a
rotating platform at 100rpm to 140rpm. These differentiated cell aggregates were
then further differentiated to stage 1 definitive endoderm cells with the corresponding
adherent plate controls. Figure 22, panel O, shows that there is no significant
HNF4alpha (HNF4A) expression in either the stage 1 differentiated cell aggregates or
the adherent plate controls. In contrast, a similar method was carried out for stage 2
samples and produced increased expression level of HNF4A. HNF4A expression is

also robust for stage 5 samples.

[00264] Moreover, expression levels of genes associated with extra-embryonic
endoderm (SOX7) was significantly reduced in the hES-derived cell aggregate
cultures as compared to the plate controls. See FIG.22, panel L at stage 2 (d5). Thus,
demonstrating that directed differentiation of PDX1-negative foregut endoderm cells
by way of cell aggregates in suspension culture removes extra-embryonic endoderm

contaminants.

95



10

15

20

25

[00265] Taken together, these data all indicate that directed differentiation of hES
cell aggregates is highly efficient, and based on the expression levels of signature PDX1-
negative foregut endoderm markers, the methods for producing foregut endoderm cells

are improved as compared to differentiation with adherent plate cultures.

[60266] Differentiation to PDX]-positive foregut endoderm cells (stage 3)

[00267] Foregut endoderm cells from stage 2 were further differentiated in RMPI
with no serum, Glutamax (Invitrogen) and penicillin/streptomycin (Invitrogen), plus 0.5X
B27-supplement (Invitrogen/Gibco), and either 1 uM to 2 puM retinoic acid (RA, Sigma)
and 0.25 nM KAAD-cyclopamine (Toronto Research Chemicals) for 1 to 3 days; or 1 uM
to 2 uM retinoic acid, 0.25 nM KAAD-cyclopamine plus 50 ng/mL noggin (R&D
systems). Alternatively, 0.2 pM to 0.5 uM RA and 0.25 nM KAAD-cyclopamine was
added to the media for one day. Still, in some experiments no RA or KAAD-
cyclopamine was added to the cell aggregate cultures. Still in other embodiments

effective concentrations of 0.1 — 0.2% BSA were added.

{00268} Increased expression levels of PDX1 were observed in hES-derived cell
aggregates as compared to the adherent plate controls. See FIG.22, panel F (PDX1) at
stage 3 (d8). Moreover, expression levels of genes associated with extra-embryonic
endoderm (SOX7) and visceral endoderm (AFP) was significantly reduced in the hES-
derived cell aggregate cultures as compared to the plate controls. See FIG.22, panel L
(SOX7) and panel N (AFP) at stage 3 (d8). Thus, demonstrating that directed
differentiation to produce PDXl-positive foregut endoderm cells by way of cell

aggregates in suspension culture removes extra-embryonic endoderm contaminants.

166269] Taken together, these data indicate that the directed differentiation of hES
cell aggregates is highly efficient, and based on the expression levels of signature PDX1-
positive endoderm markers, the methods for producing PDX1-positive endoderm are
improved as compared to the adherent culture controls as compared to the adherent

plate controls.
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[00270] Differentiation to pancreatic endoderm__or pancreatic_endocrine

progenitor cells (stage 4)

[00271] At stage 4, RA is withdrawn from the stage 3 cultures, the cultures
were washed once with DMEM plus B27 (1:100 Gibco), and then the wash is
replaced with either DMEM+1XB27 supplement alone or with any combinations of
or any or all of the following factors: Noggin (50 ng/ml), FGF10 (50 ng/m}), KGF
(25-50 ng/ml), EGF (25-50 ng/ml), 1-5% FBS for 4-8 days. In cases where no RA
was added, noggin at 30-100 ng/mL (R&D systems) was added to the media for 1-9
days. Further, in some experiments FGF10 at 25 ng/mL was also added.

[00272] Increased expression levels of NKX6.1 and PDX-1 and PTF1A was
observed in the ES cell-derived aggregates and the corresponding adherent plate
controls. See F1G.22, panel F (PDX1), panel G (NKX6.1) and panel P (PTFA1) at
stage 4 (d11). In FIG. 22, panel P, the bar chart depicts results from methods for
determine whether hES and/or hES-derived cell aggregates in suspension were
affected by the number of cells in an adherent plate culture from which they are
derived. Although, Panel P only shows results for 1 x 107 cells, cell-aggregate
suspension cultures were started from various seed counts, e.g. 1 x 10° to 2 x 107
cells. All were substantially similar and produced cell aggregate cultures which had
good viability and little cell death. For example, at stage 4, differentiated cell
aggregate suspension cultures (“dAggs”) were started from a d5 (stage 2) adherent
plate, and again incubated in any of the media described herein for about 24h on a
rotating platform at 100rpm to 140rpm. These differentiated cell aggregates were
then further differentiated to stage 4 pancreatic endoderm type cells expressing
PTF1A (panel P). As compared to the corresponding stage 4 adherent plate controls,

there is increased expression of PTF1A.

[06273] Moreover, expression levels of AFP were significantly reduced in the
hES-derived cell aggregates as compared to the adherent plate controls. See FIG. 22,
panel N at stage 4 (d11). Thus, demonstrating that directed differentiation to produce
PDX1-positive pancreatic endoderm cells by way of cell aggregates in suspension

culture removes visceral endoderm contaminants.
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[00274] Flow cytometric analyses wusing NKX6.1, HNF3beta and
Chromogranin (CHG) protein indicated that directed differentiation of hES-derived
cell aggregates resulted in cell aggregates that were at least 53% CHG-positive, at
least 40% NKX6.1 and CHG co-positive, and small amount of HNF3beta and other
types of cells.

[00275] Cryosections of hES-derived aggregates were examined for NKX6.1,
PDX1 and NKX2.2 expression using immunocytochemistry and confocal microscopy
at the end of stage 4. Image analysis indicated highly efficient differentiation of
aggregated cells to pancreatic endoderm (or PDX1-positive pancreatic endoderm),
with nearly all cells expressing PDX1 and a large populations of cells expressing

NKX6.1 (approximately 40% of cells) and/or NKX2.2 (approximately 40% of cells).

006276} Differentiation to hormone expressing endocrine cells (stage 5)

[00277] For stage 5 differentiation, stage 4 differentiated cell aggregates were
continued in either CMRL (Invitrogen/Gibco) or RMPIL, Pen/Strep and Glutamax
media, and 0.5X B27-supplement. In some experiments media was also
supplemented with human serum (Valley Biomedical) or fetal bovine serum at

concentrations ranging from 0.2-5% during stage 5.

[00278] Again, similar to the cell types from the stages 2-4, increased
expression of genes associated with the specific cell type was observed as compared
to the adherent plate controls. For example, increased expression levels of hormones
insulin (INS), glucagon (GCG) and somatostatin (SST) were observed. See FIG.22,
panel I (INS), panel J (GCG) and panel K (SST) at stage 5 (d15). Moreover,
expression levels of AFP and ZICl, a gene associated with ectoderm, was
significantly reduced in the hES-derived cell aggregates as compared to the adherent
plate controls. See FIG. 22, panel M (ZIC1) and panel N (AFP) at stage 5 (d15).
Thus, demonstrating that directed differentiation to produce pancreatic endocrine cells
by way of cell aggregates in suspension culture removes ectoderm and visceral

endoderm contaminants.
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100279} Production of hES-derived hormone expressing endocrine aggregate
cells was confirmed by flow cytometric analyses on Day 23 of the described protocol.
Aggregates were initially formed at 140rpm in 5 mL. DMEM/F12, alternatively
comprising knockout serum replacement (KSR; Gibco/[nvitrogeﬂ compare 0063 for
consistency) or xeno-free KSR (Invitrogen) and then differentiated at 100rpm.
Analysis of NKX6.1, Chromogranin A, insulin, glucagon and somatostatin protein
expression indicates that ES cell-derived aggregates are comprised of ~20%
NKX6.1+/Chromogranin  A- pancreatic epithelium and ~74% Chromogranin A+
endocrine tissue. Moreover, 11% of the cells express insulin, 14% express glucagon
and 11% express somatostatin. Of these, 68% of the insulin+ cells are single positive,
70% of the glucagon+ cells are single positive and 52% of the somatostatin-positive
cells are single positive. This degree of single hormone positivity exceeds the values

described for adherent cultures which were mostly polyhormonal cells.

[00280] To further evaluate the efficiency of aggregate differentiation to
hormone expressing endocrine cells, cryosections of ES-derived aggregates were
examined for glucagon, insulin and somatostatin  expression  using
immunocytochemistry and confocal microscopy during stage 5. Image analysis of
cryosections at 20X indicates highly efficient differentiation of aggregated cells to
hoxmoné positivity, with nearly all cells expressing glucagon, somatostatin or insulin.
Also, in contrast to previous adherent culture experiments, a majority of the cells in
the aggregate appear to express a single hormone, as occurs in vivo during

development.

[00281] Example 19 — Adherent cultures from various stages can form cell

aggregates and differentiate to pancreatic endoderm type cells

{00282} The following demonstrates that production of hES-derived cell
aggregates can be initiated not just from pluripotent hES cells but cell aggregates can
be initiated directly into a differentiation media (day 0 cell aggregates) as well as from
differentiated or hES-derived cells, for example, cell aggregates can be produced from
stages 1, 2, 4 and 5 or hES-derived cells.
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{00283} Day 0 cell aggregates

[60284] Cell aggregates produced on the first day (d0) of stage 1: Adherent
pluripotent hES cells were grown, manually or enzymatically passaged, disassociated,
counted, pelleted and the pellet resuspended to a final volume of about 1 x 10°
celisimL t0 4 x 10° cellsmL in differentiation media base containing RMP],
Pen/Strep and Glutamax media, and further containing 100 ng/ml activin A, and
25ng/mL — 75 ng/mL Wnt3a, 0.2% of FBS (HyClone). This volume can be increased
to >4 x 10° cells/mL but may require more frequent feeding. Sometimes DNase was
included at a concentration of 10-50 ng/mL. In some cases the ROCK inhibitor
Y27632 (Axxora) was added to the cell suspension to a final concentration of 1-15
uM, typically 10 pM. Still in other cases about 1:2000 to 1:5000 of ITS
(insulin/transferrin/selenium, Gibco) was added to the cultures. Both the Rho-kinase
inhibitor and ITS were added to support cell survival. Resuspended cells were
distributed equally into each well of a low binding 6-well dish substantially as
described above, and placed on the rotating platform at 100 rpm to 140 rpm overnight.
During this culturing period, cell aggregates of uniform size and shape were formed.
Consequently, the higher density cultures effectively enriched or substantially
enriched for PDXl-positive pancreatic endoderm or PDX-positive pancreatic

progenitor type cells. Further details are provided in Example 21.

[00285] Cell aggregates produced on d0 of stage 1, were then fed up to 1-2X
daily with further differentiation media containing RMPI, Pen/Strep and Glutamax
media, and forther containing 100 ng/mL activin A and 0.2% of FBS~ (HyClone) for
the next 2-3 days. Subsequent steps (stages 2-5) of the protocol are substantially as
described above for ES aggregates.
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[60286] Stage 1 —day 2 to day 3

[00287] Cell aggregates produced on d2-d3 of stage 1: Adherent hES cells were
grown and passaged substantially as described above and then differentiated to stage 1

substantially as described in d’Amour et al. (2006), supra.

[66288] Adherent cultures at the end of stage 1 (about d2 or d3 into the
differentiation protocol; definitive endoderm type cells) were washed 1x with PBS-/-
and disassociated to single cells with 2 mL of pre-warmed Accutase for about 2-5
minutes at 37°C using a 1 mL or 5 mL pipet. Then 4 mL of 10% FBS in RMPI,
Pen/Strep and Glutamax media was added and the single cell suspension filtered
through a 40 micron blue filter (BD Biosciences) into a 50 mL conical tube. The

cells were counted and pelleted (centrifuged) substantially as described above.

{60289} The cell pellet was then resuspended in RMPIL, Pen/Strep and
Glutamax media, further containing 2% FBS, plus DNase (50-100 pg/ml, Roche
Diagnostics) and 100 ng/mL activin A. Alternatively the cell pellet was resuspended
in RMPI, Pen/Strep and Glutamax media, plus 2% FBS, and DNase (50-100 pg/mlL),
25ng — 50ng/mL KGF (R&D Systems). In some experiments 5 pM SB431542
(Sigma Aldrich, Inc.) or 2.5 pM TGF-beta Inhibitor IV (Calbiochem) was included
with the KGF). In some experiments Y27332 (10uM) was included. Resuspended
cells were distributed equally into each well of a low binding 6-well dish substantially
as described above, and placed on the rotating platform at 100 rpm to 140 rpm

overnight, during which time cell aggregates of uniform size and shape were formed.

[00290] Cell aggregates produced at the end of stage 1 were then further
differentiated. Subsequent steps (stages 2-5) of the protocol are substantially as

described above for ES aggregates above in Examples 17 and 18.

[60291] Stage 2 —day 5 to day 6

[00292] Cell aggregates produced on d5-d6 at stage 2: Adherent hES cells were
grown and passaged substantially as described above and then differentiated to stage 2

substantially as described in d’Amour et al. (2006), supra. For stage 2, adherent cells
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from stage 1 were briefly washed in PBS+/+ and then further differentiated in RPMI
supplemented with 2% FBS, Glutamax, penicillin/streptomycin, and 25ng — 50ng/mL
KGF (R&D Systems) for 3 days. In some experiments SuM SB431542 (Sigma
Aldrich, Inc.) or 2.5 pM TGF-beta Inhibitor IV (Calbiochem) was added during the
first day of stage 2.

[006293] Adherent cultures at the end of stage 2 (about d5 or d6 into the
differentiation protocol; foregut type cells) were disassociated to single cells, counted
and pelleted substantially as described above. The cell pellet was then resuspended in
differentiation media containing DMEM, Pen/Strep and Glutamax media, further
containing 1X B27-supplement and DNase (50-100 ug/ml, Roche Diagnostics) and
no FBS or 1-2% FBS or 0.5%-10% human serum (hS) and either 1 pM to 2 uM
retinoic acid (RA, Sigma) and 0.25 nM KAAD-cyclopamine (Toronto Research
Chemicals); or 1 uM to 2 uM retinoic acid, 0.25 nM KAAD-cyclopamine plus 50
ng/mL noggin (R&D systems); or 0.25 nM KAAD-cyclopamine plus 100 ng/mL
noggin; or 100 ng/mL noggin; or 0.2 uM to 0.5 uM RA and 0.25 nM KAAD-
cyclopamine; or 0.2 uM to 0.5 uM RA and 0.25 nM KAAD-cyclopamine plus 50

ng/mL noggin. In some experiments Y27332 (10uM) was inciuded.

[00294] Resuspended cells were distributed equally into each well, and placed
on the rotating platform at 100 rpm to 140 rpm overnight, during which time cell

aggregates of uniform size and shape were formed.

[00295] The cell aggregates produced at the end of stage 2 were further
differentiated on the rotating platform and fed 1-2X daily for 0-2 additional days with
DMEM, Pen/Strep and Glutamax media, further containing 1X B27-supplement
either 1 uM to 2 pM retinoic acid (RA, Sigma) and 0.25 nM KAAD-cyclopamine |
(Toronto Research Chemicals); or 1 uM to 2 uM retinoic acid, 0.25 aM KAAD-
cyclopamine plus 50 ng/mL noggin (R&D systems); or 0.25 nM KAAD-cyclopamine
plus 100 ng/mL noggin; or 100 ng/mL noggin; or 0.2 uM to 0.5 uM RA and 0.25 nM
KAAD-cyclopamine; or 0.2 pM to 0.5 uM RA and 0.25 nM KAAD-cyclopamine
plus 50 ng/mL noggin.
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[60296] Cell aggregates produced at the end of stage 2 were then further

differentiated to stages 3, 4 and 5 substantially as described above.

[66297] Stages 4 and 5 — day 10 to day 30

[00298] Cell aggregates produced on d10-d14 at stage 4: Again, adherent hES
cells were grown and passaged substantially as described above and then
differentiated to stage 2 substantially as described above and in D’Amour et al.

(2006), supra.

[60299] For stage 3, adherent cells from stage 2 were further differentiated in
DMEM, Pen/Strep and Glutamax media, further containing 1X B27-supplement, and
either 1 uM to 2 M RA and 0.25nM KAAD-cyclopamine for 1 to 3 days. In other
cases, 50ng/mL noggin was added along with the RA and KAAD-cyclopamine.
Alternatively, 0.2 pM to 0.5 uM of RA and 0.25 nM of KAAD-cyclopamine was
added to the media for just one day. Still, in other experiments no RA or KAAD-
cyclopamine was added on any day. At stage 4, cells were fed 1-2X daily with
DMEM supplemented with Glutamax, penicillin/stretopmycin, and 1X B27-
supplement. Stage 4 cells can be further differentiated to stageS cells as already

described in Examples 17 and 18.

{06300} Adherent cultures at either stage 4 (about d10 - dl4 into the
differentiation protocol; pancreatic epithelial and endocrine type cells) or stage 5
(about day 16 to day 30 into the differentiation protocol; endocrine precursor and
endocrine cells) were similarly dissociated into single cells, counted, and pelleted.
The cell pellet was then resuspended in DMEM CMRL supplemented Pen/Strep and
Glutamax, and 1X B27-supplement and DNase (50-100 pg/ml, Roche Diagnostics)
and 0-2% FBS. In some experiments Y27332 (10uM) was included which supported
cell survival. Cells were equally distributed into 6-well plates and placed on a rotating
platform at 100 rpm to 140 rpm form 4 hours to overnight substantially as described

above.

160301} Furthermore, the cell aggregates produced at stage 2 and at stage 5 as in

Examples 17-19 were effectively enriched for pancreatic cell types as compared
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with adherent plate cultures from which they were derived. For example, in one
typical experiment cell aggregates produced at stage 2 and analyzed by flow
cytometry at stage 4 consisted of at least 98% pancreatic cell types (73%
Chroinogranin A positive endocrine cells and 25% Nkx6.1 positive pancreatic
endoderm (PE)), and 2% non-pancreatic cell types, whereas the adherent plate
cultures from which the cell aggregates were derived consisted of about 73%
pancreatic cell types (33% Chromogranin A positive endocrine cells and 40% Nkx6.1
positive PE), and 27% non-pancreatic cell types. Thus, aggregation at stage 2 can
effectively enrich for progenitors that give rise to pancreatic cell-types, and deplete
for non-pancreatic cell types. Similarly, in a typical experiment, cell aggregates
produced at stage 5 and analyzed by flow cytometry consisted of at least 75%
Chromogranin A positive endocrine cell types, whereas the adherent plate culture
from which the cell aggregates were derived consisted of about 25% Chromogranin A
positive endocrine cell types. Hence, aggregation at stage 5 can effectively enrich

pancreatic endocrine cells.

[00302] The methods described herein, therefore, provide methods for
improving not only efficiency of directed-differentiation of hES cells in cell aggregate
suspensions, but also provides methods for reducing hES-derived pancreatic cell types
(or aggregates) having contaminant populations (e.g. ectoderm, trophectoderm,
visceral endoderm, and extra~-embryonic endoderm) and at the same time enrichment

of pancreatic cell types (e.g. pancreatic endoderm and endocrine cells).
{60363 Example 20 — Cell density effects hES cell differentiation outcome

[00304] The following demonstrates that variations in cell densities effect
differentiation outcomes within a given media and growth factor condition. The
differentiation efficiency outcomes which result from adjustments in cell density
reflects varying concentrations of endogenously produced signaling molecules and the
concentration dependent affect of these molecules in influencing celiular

differentiation.
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[00305] Human ES cell aggregates and hES-derived cell aggregates, including
d0 cell aggregates produced directly in differentiation media, were generated
substantially as described above. After about five (5) days of differentiation through
stages 1 and 2, the differentiating cell aggregates were pooled and re-aliquoted into
individual wells at different seeding densities, e.g., a 28mL suspension of foregut
endoderm stage cell aggregate suspension was seeded or re-aliquoted at 4, 6, 8 or
10mL per well (a 2.5-fold range of cell densities). This cell distribution was carried
out in duplicate and one set of wells was fed with a stage 3 media
(DMEM/PenStrep/Glutamax + 1% B27 supplement (vol/vol) + 0.25 uM KAAD-
cyclopamine + 3 nM TTNPB) containing noggin at 50ng/mL and the other set of
wells contained noggin at 25ng/mL. Stage 3 proceeded for 3 days with daily media
exchange. Cell samples were taken in duplicate for real-time QPCR analysis at the
end of the three days of stage 3 (or about day 8) and again at after stage 4 (or about
day 14).

160306] The cell density and noggin concentration used during stage 3 had
different effects on the expression of those genes which are indicative of pancreatic
endoderm progenitors and/or endocrine progenitors or precursors. Briefly, there is a
linear relationship between increase in cell density and a corresponding increase in
pancreatic progenitor cell types (e.g., pancreatic endoderm, pancreatic epithelium,
PDX1-positive pancreatic endoderm). For example, after stage 3 (or day 8), an
increase in cell density had a corresponding increase in the cell numbers of pancreatic
progenitors as indicated by enhanced gene expression of PDX1 and NKX6-1. See
FIG. 24A & 24B. In contrast, there was an inverse relationship between increase in
cell density and a corresponding reduction in endocrine progenitor cell types after
stage 4 (or day 14). For example, as the cell density decreased there was reduced
expression of at least NGN3 and NKX2-2 after stage 3 (or day 8). See FIG.24C &
24D.

[60307] Yet, lower concentrations of noggin (e.g., 25 ng/mL) at any given cell
density resulted in reduced endocrine progenitor cell types as indicated by reduced
expression of NGN3 and NKX2-2. See FIG. 24C & 24D. This cell density

independent effect of noggin in the cell cultures suggests that endogenously produced
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BMP signals from the cells are antagonized by the exogenously added noggin. The
impact of endogenously produced signals on differentiation outcome is likely not limited
to just BMP, but other growth factors and/or agents secreted by the cells into the medium
can have similar or contrasting effects, alone or in combination with exogenous growth

factors and/or agents.

[66308] Example 21— Optimization of cell aggregate suspension cultures to

generate enriched pancreatic endoderm or endocrine cell types

[06309] The cell composition of hES-derived cell aggregate populations is
optimized for certain cell types by controlling the concentration of various growth factors
and/or agents. The pancreatic cell compositions described herein were hES-derived cell
aggregate suspensions which were made from single cell suspension cultures, which were
derived from hES cell adherent cultures, d0 cell aggregates (cell aggregates initiated from
hES adherent cultures but directly into a differentiation media and not a pluripotent stem
cell media), or from hES-derived cell adherent cultures at various stages of differentiation
substantially as described in the previous examples. During stage 4, cell aggregates were
exposed to different concentrations of the factors: NOGGIN (N), KGF (K), FGF10 (F),
and EGF (E). The cell composition of the differentiated hES cell aggregates was assessed
by flow cytometry analysis using a panel of markers including CHGA, NKX6.1, and
PDX1. The total percentage of endocrine cells, pancreatic endoderm cells, PDX1+

endoderm cells, and non-pancreatic cells in any cell population is shown in Table 4.

[06316}] The data in Table 4  demonstrates that by controlling
the concentration and ratios of certain growth factors, the resulting composition
can be optimized for certain cell types. For example, the percentage of pancreatic
endoderm type cells was increased as compared to endocrine type cells by lowering the
concentration of KGF and EGF (e.g., K(25)E(10) and 71% vs. 22.1%). In contrast, high
concentrations of KGF and EGF and inclusion of Noggin and FGF10 (e.g.,
N(SO)F(S0)K(50)E(50)) decreased the number of pancreatic endoderm type cells, the total
number being comparable to that of endocrine type cells (e.g., 39.6% vs. 40.1%). Noggin and

KGF in higher concentrations (e.g., N(50)K(50)) or not adding growth factor increased the
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population of endocrine type cells in the resulting population as compared to
pancreatic endoderm cell types. Also, the percentage of non-pancreatic cell types (i.e.
non PDX1-positive type cells) can be significantly reduced by reducing the levels of
KGF and EGF (e.g., K(25)E(10); 1.51%) or not adding any growth factor (1.53%).

[00311] Thus, Table 4 clearly demonstrates that at least varying the
concentrations of different growth factors in the culture medium at certain stages of
differentiation (e.g., stage 4) significantly increases and/or decreases certain
populations of pancreatic endoderm, endocrine, PDX1-positive endoderm or non-

pancreatic cell types.

Table 4 — The effects of growth factors on cell composition

Endocrine Pancreatic PDX1+ Non-
Endoderm | Endoderm | Pancreatic

Aggregation Factors in Stage 4 Media CHGA® Nci:(?(%i+ l\(l:;lXGGA?- N%(igi | Total

Stage (ng/mL.) PDX1+ | PDX1+ | PDXi-
ESC K(25)E(10) 22.1 71.0 3.0 4.0 100.1
ESC K(25)E(10) 29.0 67.1 2.37 1.61 100.0
Stage 1 Day 0  IK(25)E(10) 25.4 68.9 2.87 2.01 99.2
Stage 1 Day 0 [N(50)K(50)F(50)E(50) 40.1 39.6 13.30 6.85 89.9
Stage 1 Day 0  [None added 69.4 27.4 1.46 1.53 99.8
Stage 1 Day 0 [N(50)K(50) 52.2 30.4 13.9 3.48 99.9
Stage 1Day 0 |K(25)E(10) 38.8 50.8 2.17 8.22 100.0
Stage 2 Day5  IN(50)K(50) 42.3 42.3 12.2 3.20 99.9
Stage 2 Day5  {K(25)E(10) 28.3 59.4 7.36 4,97 100.0

[00312] Still other methods exist for enriching or purifying for particular hES-

derived cells types as described in U.S. Application 12/107,020, entitied METHODS
FOR PURIFYING ENDODERM AND PANCREATIC ENDODERM CELLS
DERIVED FROM HES CELLS, filed April 8, 2008. This application describes
methods for enriching various hES-cell types including all the cell types resulting in
each of stages 1, 2, 3, 4 and 5 as described in d’Amour et al. 2005 and 2006, supra.
The application uses various antibodies including but not limited to CD30, CD49a,

CD49e, CD55, CD98, CD99, CD142, CD165, CD200, CD318, CD334 and CD340.
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[00313] Methods for enriching the hES-derived cells or cell aggregates are not
limited to methods employing antibody affinity means, but can include any method
which is available to will be well known to one of ordinary skill in the art that allows
for enrichment of a certain cell type. Enrichment can be achieved by depleting or

separating one cell type from the another cell type or culture.

{00314} Example 22— Cell aggregate suspensions of pancreatic endoderm

mature in vive and are responsive to insulin

[00315] To demonstrate that the methods for making and manufacturing cell
aggregate suspensions as described herein provides pancreatic progenitor cells which
function in vivo, the above hES-derived cell aggregates in Examples 17-21 (e.g.,
PDX1-positive endoderm, pancreatic endoderm, pancreatic epithelium, endocrine
precursors, and endocrine cells) have been transplanted into animals. Methods of
transplantation into normal and diabetic-induced animals, determination of in vivo
glucose responsiveness of the animals and therefore insulin production of the mature
transplanted cells in vivo, were performed substantially as described in Kroon et al.
(2008) Nature Biotechnology 26(4): 443-452 and U.S. Application Serial No.
11/773,944, titled METHODS OF PRODUCING PANCREATIC HORMONES and
filed July 5, 2007. Substantially similar levels of human C-peptide were observed in
the sera of these animals at similar time periods as indicated in Kroon et al. and U.S.

Application Serial No. 11/773,944, supra.

[00316] The methods, compositions, and devices described herein are presently
representative of preferred embodiments and are exemplary. Changes, alternatives,
modifications and variations therein and other uses will occur to those skilled in the
art. Accordingly, it will be apparent to one skilled in the art that varying substitutions

and modifications may be made to the invention disclosed herein.
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[00317] It is appreciated that certain features of the invention, which are, for
clarity described in the context of the separate embodiments, may also be provided in
combination in a single embodiment. For example, methods for making hES-derived
cell aggregates in suspension can be generated and optimized to produce any
endoderm lineage cell type, e.g., a pancreatic lineage type cell, a liver lineage type
cell, an epithelial lineage type cell, a thyroid lineage cell and a thymus lineage cell,
and therefore is not limited to the hES-derived cell types specifically described
therein. Conversely, various features of the invention, which are, for brevity,
described in the context of a single embodiment, may also be provided separately or
in any suitable subcombination. For example, it is apparent to one skilled in the art
that the described methods for generating hES and hES-derived cell aggregates from
adherent plate cultures or from suspension, from undifferentiated adherent plate
cultures or from suspension, and from differentiated adherent plate cultures or from
cell aggregates in suspension are just exemplary but that a combination of the

methods may also be employed.
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What is claimed is:

1. A method of generating hES cell-derived cell aggregates in suspension from a hES

cell single cell suspension culture, comprising:

(a) culturing hES cells in an adherent growth culture condition which allows for

expansion in an undifferentiated state;

(b) disassociating the adherent hES cell culture of step (a) into a hES cell single

cell suspension culture;

(©) agitating the hES cell single cell suspension culture to form hES cell

aggregates in suspension; and

(d) contacting the hES cell aggregates in suspension with a differentiating culture

condition,
thereby generating hES cell-derived cell aggregates in suspension.

2. The method of claim 1, wherein the hES cell single cell suspension culture is agitated

for at least 30 minutes.

3. The method of claim 1, wherein the hES cell single cell suspension culture is agitated

by orbital rotation of the single cell suspension culture at 80 rpm to 160 rpm.

4. The method of claim 1, wherein the hES cell single cell suspension culture is agitated

by orbital rotation of the single cell suspension culture at 100 rpm to 140 rpm.

5. The method of claim 1, wherein a plurality of hES cell-derived cell aggregates in
suspension are produced and the diameters of the hES cell-derived cell aggregates in

suspension are essentially uniform in size and shape.

6. The method of claim 1, wherein the hES cell-derived cell aggregates in suspension are

endoderm lineage-specific cell aggregates.
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10.

11.

12.

13.

14.

The method of claim 6, wherein the endoderm lineage-specific cell aggregates are
selected from the group consisting of pancreatic lineage type cell aggregates, liver
lineage type cell aggregates, epithelial lineage type cell aggregates, thyroid lineage
cell aggregates and thymus lineage cell aggregates.

The method of claim 6, wherein the endoderm lineage-specific cell aggregates are

pancreatic lineage type cell aggregates.

The method of claim 1, wherein the hES cell-derived cell aggregates are multipotent

pancreatic progenitor cell aggregates or endocrine cell aggregates.

The method of claim 1, further comprising purifying cells within the hES cell-derived

cell aggregates in suspension by use of one or more selectable markers or agents.

The method of claim 10, wherein the selectable marker or agent is selected from the
group consisting of CD30, CD49a, CD49e, CD55, CD98, CD99, CD142, CD165,
CD200, CD318, CD334 and CD340.

The method of claim 10, wherein the selecting or purifying of the desired hES cell-

derived cell aggregates in suspension is by use of cell-sorting.

The method of claim 1, further comprising subsequent to the step of contacting with
the differentiating culture condition, an additional step of enriching the culture with
low concentrations of growth factors selected from the group consisting of FGF10,
EGF, KGF, noggin and retinoic acid, thereby enriching pancreatic endoderm cells in

the culture.

The method of claim 1, further comprising subsequent to the step of contacting with
the differentiating culture condition, an additional step of enriching the culture with
high concentrations of growth factors selected from the group consisting of FGF10,
EGF, KGF, noggin and retinoic acid, thereby enriching pancreatic endocrine cells in

the culture.
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16.

17.

18.

19.

The method of claim 1, further comprising adding to the hES cell single cell
suspension culture an agent that promotes cell survival, wherein the agent is selected
from the group consisting of Y-27632, fasudil, H-1152P, and a mixture comprising

insulin/transferrin/selenium (ITS).

The method of claim 1, wherein the adherent culture condition is devoid of substrate
or matrix, wherein the substrate or matrix is selected from the group consisting of

extracellular matrix, extracellular matrix protein and human or mouse feeder layer.

The method of claim 1, wherein the adherent growth culture condition is xeno-free,

matrix-free and feeder-free.

The method of claim 1, wherein the differentiating culturing condition comprises a
TGF-p family member which activates a TGF-B family member receptor, wherein the
TGF-AB family member is selected from the group consisting of Activin A, Activin B,
Nodal, GDF-8 and GDF-11.

A method of generating hES cell-derived cell aggregates in suspension from a hES

cell-derived single cell suspension culture, comprising:

(a)  culturing hES cells in an adherent growth culture condition which allows for

expansion in an undifferentiated state;

(b)  contacting the undifferentiated hES cells with a first differentiating culturing
condition suitable for differentiating the hES cells and resulting in an adherent
hES cell-derived cell;

© disassociating the adherent hES cell-derived cell into a hES-derived single cell

suspension culture; and

(d) agitating the hES-derived single cell suspension culture to form

hES-derived cell aggregates in suspension;

thereby generating hES cell-derived cell aggregates in suspension.
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20.

The method of claim 19, wherein the hES-derived cell aggregates in suspension are
contacted with a second differentiating culturing condition comprises a non-TGF-f3

family member selected from the group consisting of FGF10, EGF, KGF, noggin and

retinoic acid.
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