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Background of the Invention
Field of the Invention

[0003] The present invention relates to cell culture methods and compaositions that are essentially

serum-free and comprise a basal salt nutrient solution and an ErbB3 ligand.

Background of the Invention

[0004] Human pluripotent cells offer unique opportunities for investigating early stages of
human development as well as for therapeutic intervention in several disease states, such as
diabetes mellitus and Parkinson’s disease. For example, the use of insulin-producing §-cells
derived from human embryonic stem cells (hESCs) would offer a vast improvement over current
cell therapy procedures that utilize cells from donor pancreases. Currently cell therapy
treatments for diabetes mellitus, which utilize cells from donor pancreases, are limited by the
scarcity of high quality islet cells needed for transplant. Cell therapy for a single Type I diabetic
patient requires a transplant of approximately 8 x 10° pancreatic islet cells (Shapiro er al., 2000,

N Engl J Med 343:230-238; Shapiro et al., 2001a, Best Pract Res Clin Endocrinol Metab 15:241-
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[ 0003] The present invention relates to cell culture nethods and
conpositions that are essentially serumfree and conprise a basal salt
nutrient solution and an Erh133 ligand. Background of the Invention [0004]
Human pluripotent cells offer unique opportunities for investigating early
stages of human devel opnent as well as for therapeutic intervention in
several. disease states, such as diabetes nellitus and Parkinson's di sease.
For exanple, the use of insulin-producing n-cells derived from human
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needed for transplant. Cell therapy for a single Type | diabetic patient
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[ 0009] Mbst of the cell culture conditions for stemcells still contain
serumreplacer (KSR) in the nedia (Xu et al., 2005 Stem Cells, 23:315-323;
Xu et al., 2005 Nature Methods, 2:185-189; Beattie et al., 2005 Stem Cells,
23:489-495; Amt et al., 2004 Biol. Reprod., 70:837-845; James et al., 2005
Devel opnent, 132:1279-1282). KSR contains a crude fraction of bovine serum
al bumn (BSA) rather than a highly purified source. O hers have only
performed short-termstudies, and therefore it is not clear if their
conditi u ena Ie t he mai nt enan of uri nc r extended
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2003 PNAS, 100(23):13350- 13355) and HRG f3 has been shown previously to
support the expansion of nouse prinordial germcells (Toyoda-Chno etal.

1999 Dev. Biol., 215(2):399-406). Fur t Rer nor e, over expr essi on and
subsequent inappropriate activation of ErbB2 is associated with

tunori genesis (Neve et al., 2001 Ann. Oncol., 12 Suppl 1:59-13; Zhou &
Hung, 2003 Senmin. Oncol., 30(5 Suppl 16):38-48; Yarden, 2001 Oncol ogy, 61
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[ 0015] An inportant devel opnent in the progression of hESC research toward
mai ntai ning pluripotency in culture will be the elucidation of nedia and
cell culture conditions that are conpatible with the expected regul atory
gui delines governing clinical safety and efficacy. Wile the best outcone
woul d be the availability of chemcally defined nedia for hESCs, conponents
that are not chemcally defined woul d be acceptable if they were produced
to GW standard. There is a need, therefore, to identify nethods and
conpositions for the culture and stabilization of a popul ation of
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l.aced in conditions that permt growth and division. of the

oi gl eEBRh SEOTrromRAB LT TR 20 <lHaPISP LG SO BUS 5 FERE T e ot s
real tjhiReiiRTthRGR: ?iﬁ%&%‘éé b PnRNRIpYStbRa R (s MLy, NBUNEPbbtdMs to3afkrfDB1-3 in
B& v grown in defined conditions (8 ng/ mMFG2; 100 ng/m ER-I'G- |, 1 ng/m
Act i vi soluble ectagmppiapto @iTiactown th(f langhemembers anterachdith aitlest homo- or hetero-

dimers of the ErbB1, 2, 3 and 4 cell surface receptors with different affinities (Jones et al., FEBS

Lett, 1999, 447:227-231). EGF, TGFa and hbEGF bind ErbB1/1 (EGFR) homodimers and

ErbB1/2 heterodimers at high affinity (1-100 nM range), whereas HRG-p binds ErbB3 and

ErbB4 at very high affinity (<1 nM range). Activated ErbB receptors signal through the PI3

Kinase/AKT pathway and also the MAPK pathway. ErbB2 and ErbB3 are amongst the most

highly expressed growth factor receptors in hESCs (Sperger et al., 2003 PNAS, 100(23):13350-

13355) and HRG- has been shown previously to support the expansion of mouse primordial
germ cells (Toyoda-Ohno et al., 1999 Dev. Biol., 215(2):399-406). Furthermore, overexpression
and subsequent inappropriate activation of ErbB2 is associated with tumorigenesis (Neve et al.,
2001 Ann. Oncol., 12 Suppl 1:5S9-13; Zhou & Hung, 2003 Semin. Oncol., 30(5 Suppl 16):38-48;
Yarden, 2001 Oncology, 61 Suppl 2:1-13). Human ErbB2 (Chromosome 17q), and ErbB3
{Chromosome [2q) are present on chromosomes that have been observed to accumulate as
trisomies in some hESCs (Draper et al., 2004 Nat. Biotechnol., 22(1):53-4; Cowan et al., 2004 N
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[0022) FIGURE 2 depicts the inhibition of proliferation of BGOv cells
using AG79. BGOv cells were plated in 6-well trays and exposed to DMSO
(A, 50 nM20 gM AG1478 (B), or 100 mv 20 gM A&B79 (C) 24 hours after
plating. After 5 days in culture, the cultures were fixed and stained for
al kal i ne phosphatase activity. AGL478 did not appear to affect
proliferation at these concentrations (20 gM shown in B), but AGE79
substantially slowed cell growh at 5 JiM(C). [0023] FIGURE 3 depicts the

nmor phol ogy of BGO v cells cultured in DC-HAIF, which is defined culture
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passagthe GO ﬂ&nﬁ@@iﬂlﬁﬁﬁ%eaﬂﬁom ating about 5x105 cells in a 60 mmculture
dish. (A) 1.5 hours after initial plating, showi ng viable cells adhering to
the dish. (B) At 20 hours post-plating, the large magjority of cells have

aggregated to formsmall col onies. These



col oni es expand by proliferation by day 4, post-plating (C), and over the
course of 5-6 days to forman epithelial-Ilike nonolayer covering the entire
dish (D). (E) Normal nal e karyotype denonstrated in a B&2 culture passaged
19 times with ACCUTASETm i n DC-HALF. [0031] FIGURE 11 depicts cell

nor phol ogy after single cell passaging of human ES cells using (A
ACCUTASETm (B) 0.25% Trypsi nl EDTA, (C TrypLE, or (D) Versene. [0032]

FI GURE 12 depicts the |arge-scale growh of human ES cells cultured in

DC- HAI F. %A) Flow cytonetric analysis of B&2 cells after expansion to
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r epeat $edsprordeons weuldwe theraiakiliss oftbermgally delineiumpdin for WFSGsCpempoments7, X
d Y ' ) ! t B
o hect b boL UM U Slotid e MRRBRE AR bl AR IR R EPE ()

i n t heThdrs énceealf tHetddref LriddntFassalges and tomposimatsiis: the QABwE ahll GEBEz4dbn

depicts_a scatterpl ot analysis of transcripts fromhESCs (B&2) that are
mai nt a?ferEPHW??t@@-Q%RfWPP@ﬁ plagsesys dhat g abts ladre usadios dResangatiy puRopess ge

pr opor .i.90: t i N bhot h sanpl es, and
tr ansc%%ta}l%&\le &g@mﬁgg&gﬁﬁgﬁgﬁ{r?gﬁédﬁ# ta @?@ﬁg%@%ﬁ% éﬁ%‘d%%sc:s in the
absence of exogenous FGF2. Correl ation coefficients (R2) were generated
using all detected transcri ICSﬁnmrlhhyaifmmﬁQsitm| evel of >0 (all dots),
or with transcripts exhibiting a detection confidence |evel of >0.99 (R2
sel ect [00de} Thé IE@ainadiaby t6ashpekiaym)! cbm;ﬁﬁgg%doakmeﬁ nii@lehn@AltRntdhg sean and
limts_of a 2-fold difference. [0035] FIGURE 15 depicts a hierarchical

cl ust cFiURG lipsndy wibh e compesitigns being evsentégllyrfesssifserums di ff erent popul ati ons
of early and | ate passage B&2 cells maintained in DCGHAIF. Cells clustered

tightl : i Sl.m it gﬁ;@ﬁ . cells
mai nt a rqg-" |%nglg%rg?){ﬂ?%%§§ﬁ'rtr§§?lﬁ m ?W%b%ﬂ#ﬁ {nlg %%gl el g%ﬁgi’oﬁ aol?hne%aIl i
DC- HAlmedmsdocstusiletiredEthiBgditestad titvsinedkimnish ect iV S d ftyper tableaelis.exam ned. By
way of explanation in FIGURE 15, CMis Conditioned Medium DC is defined

| t ' - HVF, as defined abave; is A SETm Si I
s sagATEI” RS eiticl TP e st oy oPukine e Gt Dlcc ot bF e "BEEHY wi t hout
FGF2. {RaGindihiRend Qiflepiil % ddne omr@h?{ém sﬁF@ce@Fﬂ%ﬁﬁdi a BARORNAL A6t

stai ni ng of cells cultured in DCGHAIF in 96-well and 384-wel| plates.

(A P iondn thediffeicntighla gelisrand mey vidingal ligaad o spivificallp bindaiEnbBy of BGR2
cells (104 cells/well) growing in one well of a 96-well plate. (C Phase
contr T i i i ne tase Staini of, BGX cells (103
col | o/ BUH AL AR LRUE KOS PARREID RSB Pl PSRl T ot f on
of t hecolmprBirigi waring the differentiable cells on a cell culture surface and providing a basal salt

nutrient solution to the differentiable cells and a means for stimulating ErbB2-directed tyrosine

kinase activity in the differentiable cells.

f0020] The invention also relates to methods of culturing differentiable cells, with the methods
comprising providing a digest solution to a layer of differentiable cells that arc contained in a
culture chamber prior to digestion, where the digestion breaks apart the layer of cells into single
cells. After digestion, the single cells are placed into a new tissue culture chamber with a
differentiable cell culture solution, wherein the differentiable cell culture solution comprises a
basal salt nutrient solution and an ErbB3 ligand. Once cultured, the single differentiable cells are

placed in conditions that permit growth and division of the single cells.



[ 0037] Unl ess otherw se noted, the terns used herein are to be understood

according to conventional usage by those of ordinary skill in the rel evant
art. In addition to the definitions of ternms provided bel ow, definitions of
common terns in nolecular biology may also be found in Rieger et al., 1991

G ossary of genetics: classical and nol ecular, 5th Ed., Berlin:
SpringerVerlag; and in Current Protocols in Ml ecular Biology, F.M Ausubel
et al., Eds., Current Protocols, a joint venture between G eene Publishing
Associ ates, Inc. and John Wley & Sons, Inc., (1998 Supplenent). It is to
be understood that as useBrief hs:mpwnfoﬁﬂle Draaviegsn the clains, "a" or
"an" can nean one or nore, depending upon the context in which it is used.
Thus, @021 FAGDRE, | defias esat anteR T-RCReddptessan andgns bhAD v 19 d‘dﬁtreguhielczeidl

b | 0038] h
o s 4 8 o £ LRl e PO ARSI ) B nce
to | ncligieid RPUBAPLITaISBCTIMBAIGeRI! IR fisbhicd 0gether In Vitro (e. g,

addi ng the conpound to cells in culture). The term "contacting" is not
intended to include the in vivo exposure of cells to a defined cell nmedium

conpr i $0023] FHCEREEB derigta t, mbnbdmpzf poidktayion af BEW & celdf usingpAQEFE? I BGUAw | y,
t hat
o TR P ik SR (RSBTMLS |EAGTEN EY 18P 5,

wi t h apggiioned £ekt9 (@@Mmuepmﬂpeumg aftdeshiggs inl @aek, tandiopsivanaliked a
menber of the TG--13 famly, can be conducted in any suitabl e manner. For

exanpl end stained &1 alkating phesnheeas edivity. Ldhkt78stid ael appear to gFfestprelifersing pbn
| t ]
can be s boicBalf RS TH0 R {ra%h bt GR AGSEPRREREM M Ded (1 GHIEH AL VT

the celCy, or to differentiate the cells. [ 0039] As used herein, the term
"differentiate" refers to the production of a cell type that is nore

differ ti the cell ich,it Th .term

ther of S LGB  ueoics e morpbieniaf Btlvians pubfod Gl uamy Mty

dlffer t ?ﬁ?@ (o) i

the ter %ﬁhéeancr%?mhe l%ikg& %’%t? glu@gf% gllll culcﬁt gp g%a%“?%ﬁ#ﬁ?ﬁ% ﬁ%oh%lé@%/ﬁzlthj A
appr oxigngfral FGED YA abd W), H1d%n dSﬁt%d diYre Hodip (BWmﬁE%n@ﬁ%g/nﬂ HIES43010t he
desired cell lineage, &5045% used herein, the term"effective anount" of
a conpagiy Adpdr &, g@d@ ne/E AReISE (G ¥ BY- t he conmpound that is sufficient

in the presence of the remaining conponents of the defined nmediumto effect
the st iéqu; | FREURE Phie Eﬁl&@ il ngﬁ‘é &b o@ta,tmqul Nbfreguld1UhSd BB 104 BRRELPERRRN
one no in the absence of f er cell ahd in”the’absence of” serum or
seruntnmmhaESneH&O&mmﬁ@ﬂEBmdﬁhtrat|on is readily deternined by one of
ordinary skill in the art. [0042] As used herein, the term"express" refers

2 col t DGRTRTOLRE Bt BaRReblNRTRAPT o8 Eigl Sl foyfle POIHERRUP '

that expngs RASES b@tsmtreptat@i dthan0o(h RIA BRESEITainCleRA FBBﬁIO%@H{ vith 168Qpr ess
the nol ecul e. Methods to neasure the expression of a npl ecule are

wel |
known bl eyes bF GiSika)-yThadollpwing daye DAMSO (eareies s9ihe] WP EAGRGC 1478, or

| t at t

o o A ARGERS R, AL e T £, oSl I et ap s Mhatant
cel |, ¢odikdlinag@hostlatase adtivitlye DNMSOAPY laat ile5D o ASIHES (B el Cpdithrivt smelray ed"

refers t Q bei ng subst Iy se d fromthe, na sour ce_of e

Cal s SUGHt Drmersiieh cRORTS salsn bt hader v & of 1 AR o oA T &Y o
are Cag%?kﬁv9on%H o l6latigs echd Nyl;ro In addition, the term"isolating"
is use o refer t t he physica Iectlon of one or nore cells out of a

group of two or nore cells, mhereln the cells are sel ected based on cel
mor phol[@pp] FHAUBE ¢ Hepiess pireeusblbtrjmnocff praliferabion pd Bl 2scellp o] mmedlploe@b nt

ot ai | BEOHEE T peTon Ton ke bR i ittt RERPLEIFR e PR D (e

Exanpl es;423Ghhidas ERgsEym248-bmepeiryldpich @i BESQE arecashy eampasofiens and
met hods are disclosed and described, it is to be understood that this

i nvent pawagise RbCyTARDESHs indifisewit Fombingtipey f gewttsfacf@pwec@ iCellgoryient i des,
specifi.c cell R if t I i specific
ot hoddelgfisof EB6E orTBREshd R nid bR irBRAGH i BRR P08, )

nodi fications and variations therein mn%l be apparent to those skilled in
the art.



[ 0045] Standard techniques for cloning, DNA isolation, anplification and
purification, for enzymatic reactions involving DNA |igase, DNA pol ynerase,
restriction endonucl eases and the |like, and various separation techni ques
are those known and commonly enpl oyed by those skilled in the art. A nunber
of standard techni ques are described in Sanbrook a at, 1989 Mol ecul ar

Cl oni ng, Second Edition, Cold Spring Harbor Laboratory, Plainview, New
York; Maniatis a at, 1982 Ml ecular Coning, Cold Spring Harbor Laboratory,
Pl ai nview, New York; Wi (Ed.) 1993 Meth. Enzynol. 218, Part |; Wi (Ed.)
1979 MOCHYIBARY impmuncspinipg of e duplicatmgmested ogrimenhdermysirast that §6F haed 101

o - - . t b ERZYIRL - M ﬁ
Expor i Rl Ben HepE RSt e AP T or RE YR, coliPyads ARAVATES fordtif
Spr i ng(MHIEH0 blotieyanddysks ofBG0 BDA-RAIFHBSE€s sthBBU oPiidveth Phcesrs 0T crihe,

Nhnipulatigg Universit¥wgf California Press, Berkelﬁy; Schl ei f and
vensi nkarvedgberpulssd wih DGstiddbdor 1y sy pasteadyoialg guluroye shory (st 085 DNA

N ef e HpERE; S ey O e B oot P ane )

Hol | aender 1979 Cenetic Engineering: Principles and Methods, Vols. 1-4,
Pl enuni0@225EIGUIRE 7viapicts Mbbseell a¢lisaswanddeforedohditionewithtidfoecre gpdvaped, are

deened_st andayd j.n t field.and co y_used | rofsessi onal journals
Stch. aBoton QURbeliBhy ey Sty pEosERey T ites O L G B PE BB | ons
and negipRetht GRIVRA fRtAComtRiBhs AR dANT (BERhe R/ MUHhAMiBRGoR Inglcl 8¢ hipve
anount of an"ErbB3 |igand, with the Conposi'tions being essentially free of

ser um cofprict giepasih diffmentgrowihsiaetodsorobinatimspr esent i nvention are useful for
culturing cells, in particular, differentiable cells. It is understood that

at -dif ] A [ ul turing. t i fferenti,able cells, ,various
o oot ReE FIAORR's il B cfiltalill 8 Pt FRTRI hAPLE rifiesBieq HFDICE
cont ai HAGP mpdivent GA)oAhelysis bfterdidaseiaBGIDPE-HAIRHDS cdils defonktiemerer ,

contenpl ated that at |east at one point during thec@reparation of the
cul t urduripptegh giffergntigtionateniiblogctadgemgnesodeen endigdederan | ) lmmangsteinieg

medi u i I t - i a ; ctd.yvatin
oA LIRTURASE! Al S SRR AN CPRER, SRt et S
"di f f edietnibutdn ef walsttipts detasted usiog Hedatenkbiey Alutehd Sentrip bhumtaaté Brprodsicael | s
that can djfferentiate into at .least partjally mature cells, or that_can
par t chpebos FoRat 4 SR TaPest B Recelle PG rorld V(AT BEESSL6r | s,
that cpo-dhff eredtinglasasl B (ﬁ}ﬁnk@ﬁéﬁiaﬁla{]?j @éa&:}t%rp'i@tahlﬁlgsig Qérhézllsn%ﬁné’ 88fthe

herein, "partially mature cells" are cells that exhibit at |east” one
char actrascgptianabprofiteco {IedbDEpHALE pdh cels isbigbhosioghr torthprafBEGG2 @llpr essi on,

of a mature cel | fr the sane, organ.. t.j sspe. For | e, a pormal

mat ur ePREEURID M t(&g’}’ ,ggﬁ NS gﬁb?“é’g%ggﬁbu@ﬁrﬁfﬁeéflﬁ §n§§?fg$al§§ﬁﬁe r‘P}*R'I’"i'eB ™ nogen,
al pha-DeamAlE (hopsh)., (Y @iehireiibil RhetcpingidRBdrb 8606 Brelat v Bedaixpidisio R i

detoxi fication enzymes such as the cytochrone P-450s, anong others. Thus,
as defdifferenf ponuiiions genosttcd nyiem thedpeadstutioaoftivgtd. y mat ure hepat ocyte" nay
express al bum n or another one or nore proteins, or begin to take the
appear t4 X u LLional Ly..

a1 PF9) BlGRES depltnthe oy o TR bR RGPS Ak e bR duticd

pr oi ns{GMs)pn diegprosenadofi CAASF mediline @DiCyT49 wlls (dimitale] 280 tgpowlingfoar ent i at e

engr Mg cserrisa MA RISt @iiarotdo o by TaR stliropHo ke Py opsay |
cour seg e GSRRIheRY WihaRY iwm%fenﬁg%ad%ﬁﬁje Q%Idag%%dee I, GRRYBYP! ates

conposi tions and net hods usef ul r ntiable cells, regardl ess of
t hei r ¥DIRQ@ERO™of their plasticity. The "plasticity" of a cell is used

herein roughly as it is in the art. Nanely, the plasticity of a cell refers

t - ility to diff tiate int ticul | found i
tFsoudBVs AR ¥ pbe b SR plvnling of aBEkn E5aTh . G5 SRR nteRg, o
pl ast i &"B@ROL&Is afibNBasiai: Mtﬁsuﬁc;;g*imsglmﬁgwblafipg ab&ltl5x 16 REinaPEE mind

differentiate. "Pluripotent cells"” include cells and their progeny, which
may becudiyredisly @iflf 2heyrs peanitial platiog, showagrvigde cdls adheninglotthndish. (B) At

mul ti ent, oli otent and unipotent cells, aq%{or several . if not all,
of 1 ne it e pREER: Fllr B et EBEEMS vl sl ALY poiobies £ 2be o
devel oped organism "Miltipotent cells" include cells and their progeny,
which may be able to differentiate int®, or give rise to, nultipotent,

ol i gopotent and uni potent progenitor cells, and/or one or nore mature or
partially mature cell types, except that the mature or partially mature
cell types derived fromnultipotent cells are limted to cells of a
particular tissue, organ or organ system For exanple, a multipotent

T L ) - o - o " v




[ 0051] O course, the invention contenplates using differentiable cells
fromany ani mal capable of generating differentiable cells. The aninals
fromwhich the differentiable cells are harvested nay be vertebrate or

i nvertebrate, manmalian or non-nmanmal i an, human or non- human. Exanpl es of
ani mal sources include, but are not limted to, primates, rodents, canines,
felines, equines, bovines and porcines. [0052] The differentiable cells of
the present invention can be derived using any nethod known to those of

skill in the art. For exanple, human plurjpaotent cells can be_ produced

usi ng Gelgnes éi‘léaﬁ‘f]ibé(tﬂr%lhfe%‘&nﬁwéjla@ér P‘?ﬁ"éﬁlll?émér(ché*{ﬂﬁ@éf%‘it%%a@ﬁi“ﬁ? P19gys ohe
human i _1ael i il : _ j resent
vent { o Sop R IR ol R e Y B Ry Bl et Lt
may be dgmoestat@adiniarBGoherient pewbgedr i@ tonesasitlc ANCUEBHEBHAId3CithARUSpensi on
culture, as described in WD 99/53021. Furthernore, the human pluri potent

N i t hod Kk tp thos. Killoin th t,
“hel uatfB P FIAERE EES G R ety et ie:D atRghag! hitkb S Slupng
enzy Ay ACICUTPASENE YBRO RSYPRSHAGINIIrA[ QY33 pIlI €DY Fefsegdrbodi ment, when ES

cells are utilized, the enbryonic stemcells have a normal karyotype, while
in other enbodinents, the enbryonic stemcells have :an abnor nal ka{ﬁ/

ot e.
I n one [¥RBLHIHGERE 12dapigtpihietisrspcalp arawibof bumen E8aql e ey liusediam[2CE NG rtdi P

kar yot .t 1S:-C '%kﬁﬁ . O % ;.5 60%.+.65% %
75% 8 &Sﬁ %@;ﬂe%‘%ﬂ% gfrﬁ{gg&gat er c%eﬂ%%ﬁ%%@?%ﬁ&% ap Ozscé%lb'eg g%ﬁ/"noce%ﬁoeﬂvﬁ %p%élzgdpl ay
a nor malCTRIGH, BEEA-4 0004]1-§ h @R N CRead@isaiitkpressiompOmbikyrsaff t he
enbryon{' C. stem &Qel | s_.have an_abnormal karyao i s contenpl ated that

type, |t

great cPUFRAISOACIENNN, RS, Sods, Ui, CRABT OgEOX Do TE BT LA han

00 ; ) RAQ% grg@ : ain
enbodi Lﬁ%@%@ﬁ?ﬁ@%{rﬂ nlg?%gﬁg?%érs y%f%é&@é%?ﬁ’gm aptglléc} igIt e %:é’leﬁsn tg\e/éeégtrgg'en
cul t ur é0) Flooregeenas &1 siﬁiftﬂlbriﬂizngﬁcn {EISH) u&ﬁghﬁgmﬁ]:hrolhﬂalfoﬂa&spééﬁc ddpeator 20
passages. In one specific enbodi nent, e abnormal karyo e conprises a
tri sonfeBpRsiElqdrRiptegRRee A NBEH p&ﬁp@ﬁ%@éﬁ@lﬁ% 47 Vaut osomal
chronmosone is selected fromthe group consisting of chronpsones 1, 7, 8,
12, 1450038f FIGUREN %ﬁ&ﬁhe%ﬁ%ﬁ%lﬂ&f‘ A) Mﬁd&‘&'&%ﬂ%tyﬂf@{ﬂ)@%ﬂ@@@@@ﬁ bafRS 2
trisony of nore than One autosonal “chronpbsone, wheréin at |east one of the
nmor e t g@womalefintdswodial covipriomgdtResh msl Kélfle dbued the epsetdweo fdil@ipfocGnsi sti ng
of chronosones 7, .8, 12, 14, and 17. In one enbodi nent, the autosonal
chr onoBBHESOCH BRBYSe 12 or 17. In another embodi ment, the abnor mal
karyotype conprises an additional sex chronosone. |In one enbodinent, the
kar yot yms4F eIGFUREES dopetse SOUCIPAIUIBS R0 @R ri¥tsCiida 'ﬁESQg?BGb%) ih&t 46 SO
contenpl ated that translocations of chronpbsomes may occur, and such
t r ans| Bedtsivedindpe-RAHo@Easswgestior A GrHA 10 pesmzesdn Orlawe prepoyden pfethe
Conbi nag | f ' 2 I I itie .
chr oo S raRed Bt P 8D 3 LTI R s MR o B s he
conposaltéred by atiehirifgt HESTS i6 elepatisetces fleas adnoa s FGFIUoireitiof @befficients (RS) used

herein, basal salt nutrient solution refers to a mxture of salts that

pr ovi d¥eEseFansraic yingalbdetegier waseHpts With 30 swstssianilevel o0 edkdok)i en witlyr

nor nmal : | loRteahRdd Rt i@l 809 : I I ance,
provi dgﬁ%&@ﬁ%ﬂ%ﬁﬂg e %gﬁgﬁ nggcri%ﬂy%sl%g } ce, 'g%gﬁ??eg%’éfgksgﬁgﬁ&%ggwrglla“%g)t}st em
to maoveinpi Anglhe inexdialineate the medrhendphyss of oZrifeld|diffiddenange. Exanpl es of
basal salt nutrient solutions include, but are not limted to, Dul becco's

Modi fi ' dj um .M ni mal . Essent i al di um (MEM , Basal.

vedi unf 3T ECERE) 3 depifts & BRbigA L Rring Cepanetangd i e bETR R CEORdh | o
Medi u nui@@kﬂ%op@mwe_ﬁr%m BRd pdsSaRHGEd cdRGhimaliYEMOC-BGR]| sepye’ s
Modi fi ed Dul becco's Medi um and m xtures thereof In one particular

enbodi elastereditightly £sAP08Aand mieing € aclose sumilasity lsBEA2 apd B@fﬂS reatleginOng0in

Compostt BTN Eie (EMDToRBT P2k pdifi R RSB Csbe

pur chag@H deosmer ST bypulit@nsexaiitea. Hy Wiy dbdiphineGén mNaGURE S OM igxanpl es
of trace elenents include but are not limted to conpounds conpri sing,

al um ntepdidemes Madivms G wrdefingd gwlture sepdivam Dedbalh as agiingdirbowe: geismani um
sodi um potassium cal cium phosphate and magnesi um Specific exanpl e of
conpounds containing trace elenents include but are not limted to, ALCL3,
AgNO3, Ba(C2H302)2, CdCl2, CdSO4, coC1? CrCl3, Cr2(sSM™) 3, QusH4, ferric
citrate, Ge02, K1, KBr, LI, nolybdic acid, M1SO4, WMCl2, NaF, Na2Si C3,
NaV03, NH4V03, (NH4) 6Mb7024, N SO4, RUCI, sel enium Na2Se03, H2Se03,

sel enite. 2Na, sel enonet hi onone, SnCl2, ZnSO4, Zr002, and m xtures and salts
thereof. If selenium selenite or sel enonethionone is present, it is at a

. . Y . T o . ~ N~



[0058] It is also contenplated that the defined nmedi umcan conprise
ascorbic acid. Preferably ascorbic acid is present at an initial
concentration of approximately 1 ng/L to approximately 1000 ng/L, or from
approximately 2 ng/L to approximately 500 ng/L, or from approximtely 5
ng/L to approximately 100 ng/L, or from approximtely 10 ng/L to

approxi mately 100 ng/L or approximately at 50 ng/L. [0059] In addition, the
conpositions and net hods may al so corrpri se ot her conponents such as serum
al bumin, transferrin, glutam ne, lipids, antibiotics, 13-Mercaptoethanol,
vi t ami ASCUR ASERS &mglmcpli anyasings DQrHégwpdmmlsto R-THelFsesiined harsiangicest of
vi tam y be present include, but are not limted to vitam ns A

B1, Bz&ﬁgé&aé%? B6, B7, B9, B12, C, 131, D2, D3, Da, D5, E, tocotrienols,
Kl and IC. One of skill in the art can determi ne the optinmal concentration
of m nHG3bE FIGUREN6NEpicésTiRe mdrphdlsgy ﬁ&:ts;&kﬁlmalphﬁqﬂihmba@thﬂlmg EfRGH2 fadis use in

I I t I be f
Sbout 0156 IREATL B0 Lr A5 SHore! P3Bei () E ek ATBIFES IBFECABHEF at | ons
at whi g iR IRURR g%hﬁnggy%g@z e&%vg@eéensmélg%g w@g/lﬁn gﬁeewgewgwcﬁf to
2. 51. 1pkte3.(QP IPMisé c@nIth ifaging hhd ([I&aLMlmEQahnspW;asaﬁt@mnM ofdB@02 I:eﬂleh@
speci fi dinment, the ¢ 0 i 0 s and met hods conprise vitann B6 and
gl ut an‘?eﬁtéfwn%qﬁ gé‘?\%‘t‘lﬁé?ogﬁa‘é’ﬁﬁg?ﬁﬁ% Mt , the conpositions and net hods
conprise vitamn C and an iron supplement. In another specific enbodinment,

the conpositions and neFHGdHeAATRELS n'b'ntmlﬁ]hgw]‘eﬁﬁg pvitamn A In anot her

speci f| c enbodi nent, the conpositi on and e s conprise vitamn 133 and
ATP. I, t S conprise
B R e
conposédriveiitsorahtsage biditse @ﬁnnﬁmm bklﬁQ@'ﬂ[d xerwhﬁ at) dnfaddilibh cadic defihieiond of | n
anot her speci f‘clg%&eeq odj ent , e conpositions and met hods caonprise

gl ut anicHES B! %& ; R IR HHEPERAr Doy emIEs b Bwad dhd

met hod ri;s I t ecific
erbodi NG %ﬁﬁe?%%”n%%g?‘gf R By 200 o B A £ B ARESHe®P2C! o and
vitam Hex&g, ahdh Haﬁmtrbmmrstpetdsin oo bd Bicngy, FtMeAm&mmd)sn dll dids., Gndenet hods
conpri |nolen|c ac d and [O The co |t|o of 1t he esent
" mvent Pl ale" BSCHTHEF biHvERD Girane sablinting Agip<uine . SwLEL8 MYV R3S ey um
free” pef er®gtQuphlensabs e 8t uﬁ@errkt%d that IsLeus%@ Irpﬂlle%[aéclﬁéatﬁah En@ iEHE Maims
invention. Serumis not an essential ingredient to the conpositions and

[ 3]

met hod'®” o “aiecaprreeaammne jof yaoe.i dspendigispont the cortexstan s it wmln Thusafor of the
conposjtions s oudQn he attri e.to inpuri , fromthe
starti ?ﬁ?%‘? e? elnge r%g 8%@%%%3&%??%%?%%&%@&3 @?'E%CFI cuI ture. For

exanpl e, essentially serumfree nedium or environnent can contain | ess than
10, 9, [0838[7As @sedheredn, tBe tefm ‘QonthSARET(LIEN vhiRi@inp atchl e esdiffeleitibpreyed

bi oact i ve mai nt enance cap city of the nmediumor environnent is still

obser v&HI 2 camaounds mtenad Wenincybatinghp pempennd sdehe sdHosether in vitro

essentc & | Mds rtH&%&ﬁ&nﬁQ@BQ@ lh'cgﬂuﬁgeﬁler}&tm C%Ql a%'nﬂ SRMdMPnde§ 'Ed"{?l]clude
repl acer’f’ent y contains trace anounts Serum or serum replac
from tthe i sigb akxpasnreadf celsmpondstined oéll irfedivecamprising &t BrbB3eliaadeament t hat ar e

added to, the defined di a, [0061 The conpositi ons and net hods of the

pr eserRmoa@@m raﬁn%fwge I&E‘BF&%H& ynhgh@ay gecws pppwitlht nigubiesHd et grRRSUIRE

ki nas nt

t he cgtrrpgtg'é%l P%C)rglg%a%gé bﬂltgﬁgh E)P %%18% eé rﬁcevaeﬂ% &Cdoh{dﬁmgé@%e g'rsesence
of at Wwiksaidetine ﬁlhﬁ&hﬁm%ﬂ@rlsﬁgﬁhdﬁbfiy ligad, Eﬁ@&@tidﬂaﬂ?ﬂfﬂmmlbbr & thel TGIFe
ErbB3 receptor and dinmerize with the ErbB2 receptor. The ErbB2 receptor is,
i n t urfgrmilyeersy g qop v@%w&uéa%mammrr Fosexample. thy eelisi ey ke eased Bct i vity
W t hi I I d

refer ga C{hg& HPI:JHU% E)?Hm&{gbﬁsngl Auuu} @é]d_] régvﬁ%%a%ﬁ? ugfer%kS Pﬁé&?gé”s“hg ggEr bB2,

t hus adztf*mmmeﬂgmﬁ ben Iiseyiﬁlﬁt&errteeakemmaaem tiffdrgntiation bevilonaBat postdbikr e the

Er bB2/ Er bB3 heterodjneric recept or. Non-limting exanpl es of ErbB3 |igands
i ncl udeliielirte If%elf?imfte @pr¢le variants and isoforms of Neuregulin-1,
including but not limted to HRGf3, HRG ct, Neu Differentiation Factor
(NDF), Acetylcholine Receptor-Inducing Acti vi ty (ARIA), dial Gowh Factor
2 (GGF2), and Sensory And Motor Neuron-Derived Factor (SMDF); Neuregulin-2;
splice variants and isofornms of Neuredd@in-2, including but not limted to
NRG2- p; Epiregulin; and Biregulin [0063] In one enbodi nent, the neans for
stinmulating ErbB2-directed tyrosine kinase activity conprise at |east one
ErbB3 ligand that is selected fromthe group consisting of Neuregulin-1,
Heregul | n- P (HRGO) Heregulin-a (HRGa) Neu dlfferentlatlon factor (NDF)
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thereof derives is the sanme as the species of cells that are cultured. For
exanple, if nouse ES cells are cultured, an HRGfl with an am no acid
sequence that is identical to the rrtus MUS dihlS HRGI3 sequence can be
used as an additive in culture and is considered to be "of the sane
species.” In other enbodi nents, the species fromwhich the biol ogical
additive derives is different fromthe cells being cultures. For exanple,
if nouse ES cells are cultured, an HRGf3 with an am no aci d sequence that

is identical to ihe human HRG | 3 sequence from can be used as an additive
in cul {32! dvsdised hersis thederay  difersatialgt refemte theprodysaien ea celf ppeYat mmersed
her ei N4 .o ta I gaﬂﬁg;" i o t |, i ul
Iengthdbor?%g%%H gﬁteé%ﬁ ertgngﬁg?ﬁ¥%%r pE@ng%%%@ég%§%¥§%gﬁﬂﬁﬁ%rseliect
as t hetypak that eregiaktighyl apdeginiiddly differebtimbdgi cal ef fect of the functional
fragment need not be identical in scope or strength as the full-length

pol ypept i so l.ong as a simlar physiological or cellular effect is seen.
For exi%%i In gerfh E‘?IP%%HFPTP A ghrohie Bt PR Sicsm detEoFdbIefErsia Heflat e

Er bB2- dii@et@d cbMbRs hftfe KiaRapFroxlRASG15088 48£S0nL ks 704N 954,801, y%] ant”
includes chineric or fusion polypeptides, honologs, analogs, orthol ogs, and
par al 088%, pnOXa @i theotesired eedl hinmage.of a reference protein or pol ypeptide is a
protein or polypeptide whose am no acid sequence is at |east about 80%

i denti i feran L i:n.or pql, ide. dn.specific enbodi nents,
tho. vafTUat) A6y bcH, BB R el 8ol 0F ehuifunt S a bt (oS to LR
100% i dendobg@hund that BeuffRfieftenee fReRhed 6f e randidipg RbindencriSofitiedefiriei n, the
"~ terns "carrespond '.and "corresponding to," as they relate to sequence

! s) to" an ding to
al i gnniwdiunyjoetfect thestabilizgtipe ahthe fifieentiabde goinculive fof ggpter thas opemeréince
pr ot ei YOEPL | M o gyhin-1, and
t hose gﬂg%??%%s ?n F%gmﬁ%g%PFé%h%?%%%ggogr po‘gﬁggﬁygﬁk#ﬁg%ﬁaﬁﬁﬁh with the
posi t i omxeomatidnas reftldy driceniped bgione of oplinaypelatlinéhe aFhus, when the am no
acid sequence of a subject protein or polypeptide is aligned with the am no

acid s e of reference, protein_.or | ypepti de he sequencge t hat
cor r o DHARES ik Berb el T aPReecropas i€ P fEnGriot it of epePBHEE e dt el n or
pol ypeghhdiicheTdgiobiepli®e nhossl, bitaltha! 1b@s ¥ th nfdles® ROsichieMsly Algtehf a
reference sequence, but are not necessarily in these exact nunerical

posi t i eFlbthat expressesethe medesalosban ey are vkt ¢edidhatfdoes aoti gxprasythserplesdes f or
det er m pl i ] i e e es_are descr,i.hed

bl ow, MBI TO RESRS I AP B8 Bl RS TR TR B S ARRL G e
exanpl ext, addudlu@b8hthdddintitLiah, No@hdn bRfteRg R PAR,, a1F NOhyeidtat e WRaEan
encodi pg, .for exanple TG--13, is understood to nean that the am no acid
sequenbBBtHR. PHEMYBIYEPRNGe i s i dentical to the reference sequence except
that the am no acid sequence may include up to about five nodifications per

h 1 i hdsi M, a6l Qffi o0,
eac Rﬂﬂlpégﬁf%?héﬁén%thehh@feh%{ag?beﬁ&ﬁ &1 e, 3€1 Qulﬁﬁg gﬁﬁg@zﬁ&ﬁ%@@b, e

reference 1 n other words, to obtain a pepti Ing an amno acid
sequentemaisolated trefebotot bedgosubetentidl lyseparated frash dreamteabyiune cdthaketle quance,

up to gbout 5% of the am no acid residu f the reference sequence nmay be
ol et eapie Bl e e A PRt tlorole i Copotle RLADES TR G lius
up to abmiidn, %6 ©fmthRelatiagals 136d RPredG 16l thel phybids! fRLEHCDESSRUHARCEIIRY ope
inserted into the reference sequence. These nodifications of the reference

sequent 8rayRyf e gF mere edlls, wherebirthe aels ase scieqted hased on sl imorphedogf andrps the
refere @g} i nce or anywhere between those term nal positions,
inters%é}%e gﬁbﬁ§¢&V%%%§ﬁdually anong am no acids in the reference
sequence or in one or nore contiguous groups within the reference sequence.
[ 0068] [0Ad4 uTheplesteiimventibelany bk Yhdérstoad meas v ilghytréferdndeat tht Yolkfwing

nucl eoti de sequences or amino acid sequences conpared to a reference

nucl eotstaileddtedsiiatiog Oaf&wp@%a@éﬁe&od#ﬂerg%ﬂéﬁha|1r,wep en suhibefoegniss dadydegned so
that thgcii RseRTIRke MRS AN RIMAT and HASRIA LY diR8Esels Bed. it i
art-recoanized ﬁgéninéeandﬁcgn %ga%a?gﬁgggehgﬁgﬁﬁgebu f?%ﬁe&ggéﬁ ﬁf%&%@.
(See, #®.tyg.yndGsmudtthatithn avehbibe sulcd tinBiedto gyscificsicleidacilg, speaxdfic pdypaptides,

Uni versity Press, New .York (1988); .Bi oconputing: |nformatics And nome

pr o ectrectig el iy bes, SPRPHCSt ol albsiie TN, RESPoYBITBOsSFic @ MARIBHY:

Anal ysi s of Sequence Data, Part 1, Giffin, A M, and Giffin, H G,

eds., Humana Press, New Jersey (1994); von Heinje, G, Sequence Analysis In
Mol ecul ar Bi ol ogy, Academ c Press (198?5; and Sequence Analysis Priner,

G i bskov, M and Devereux, J., eds., M Stockton Press, New York (1991)).
Wil e there exist several nethods to neasure identity between two

pol ynucl eoti de or pol ypepti de sequences, the term"identity" is well known
to skilled artisans (Carillo, H & Lipton, D., SiamJ Applied Math 48:1073
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[ 0069] In another enbodi nent of the present invention, the algorithmused
to determne identity between two or nore pol ypeptides is FASTDB, which is
based upon the algorithmof Brutlag et al. (Conp. App. Biosci. 6:237-245
(1990), incorporated by reference). In a FASTDB sequence alignnent, the
guery and subj ect sequences are am no sequences. The result of sequence
alignnment is in percent identity. Paraneters that nmay be used in a FASTDB
al i gnnment of ami no acid sequences to cal cul ate percent identity include,
but are not limted to: Mtrix=PAM ktuple=2, M smatch Penal ty=1, Joining
Penal t 9L @orseReiomdAbe noneaus medifegtom=md varieds theeinexll beeapapatiglthgees
Gap Sibefﬂepde"ﬂ% XrtO'OS’ W ndow Si ze=500 or the |l ength of the subject am no
sequence, Whi'chéver is shorter. [0070] If the subject sequence is shorter
or longer than the query sequence because of N-term nus or C-term nus

addi t i pégsSpRtat@drdtéchnBuendt clhadmy BN Dlsolativer aaplifaddot eahpurtiicateh dbt ons, a
manual correction can be made, because the FASTDB program does not account
for N ¢EFRRHEseaghensany ey el R Arlragso A1Y A me ysperasggiepirisHen srdoppelessgh ﬁ@@ he
sequeng 3 i . j I r i runcat ed
2t el YAE DR S AL IO PRF AR ard Bk e oS BB DDt hent 1y
i s corskeliddeid thyart.ahouwindter nfsthinard terheiquefarb dsesibed int Seenlnoed yr dedd&hce t hat

are C-.term.nus, to reference s ence, t hat e not
e chobfelch i EAonia Sec g BBHOR 670 § Nering rbep debirebr g ntigy: evetibnce. The
resul t §raQfatit Qﬁalfﬁ§§@ﬁloﬁ&%%‘%@@niﬁ%,‘ @&H%glfi]gg ﬁa%d?‘ﬂlﬁo%rﬁml&iﬁ(&w, SRUEPEk; The

al i gnnent percentage 1s then subtracte om the percent identity,
“cal cul Bheddhyl 968 dMeth ey meS DB, Pard frWim(Bd.) ng79 Netls fiseyhole 88 pWnarel affsls.)t o

For 1 kst eths EBeaflfing: 0 Grodmptrrdmaind RL! PRl Bogralieot ner .
as wel Migs (Be5 ¢8T BRrindan ihNoleRa& QeRSicOCD sﬁ%@mﬂoﬁ URbRaloly, €RAUENCES
or the reference sequence that extend past the or Ctermini of the

r ef er eberingolarbohiNest Yoy Gt aed Prisxgrect 981 nciples o fifecnedvisiipelpen, Lnvarsity

pur pose, f nyal | dj; Usting..t h ercent od 1 re. I I.S,

oo dugec RO AT R YRR b R AR iy MOl ¢
conpar Bipdspys Givien CEd. Mhys DBNeoU e Vbiehamen Il Presd] jQsdsddnUKE Manee aagnt
identity score or_alignnent nunbering [0071] For ex(grrpl e, a 90 am no acid
resi dudiggisi(Bds) ¥RdleiciAcid Hygrdigatgmn, iRE Press, Qufordi s adertprandequence
to det ] i i ool I r t{4h ] of the
subj ectﬁgggéegggrﬁl?ggan ettlﬁgg f %ér{”en,g' ? ﬁgﬁ&k@%h@%i [ gn’ng?lt;g' htg,egxe%@%g o’\r/‘vIl‘]|§<j1W

mat ¢ch/ dbikynidmtviefionshed hbmehcldidre, edictumsplayed, he ddetred standesd ithe fik0d ambai r ed
residues represent 10% of the sequence }éélgunbg{ihof._resi dues at the N and
C-t er nYHIPRGY Uiett CHEGFEBRH J%ﬁ’fﬁ%?“‘:&fasrt USSR he query sequence) so
10%is subtracted fromthe percent identity score calculated by the FASTDB
progr dbf ThBvER A BiaRtd 1§ ComBsditiRanieiehdR cbRBlkNg A6 88t hineiehd nal
percent identity would be 90% In another exanple, a 90 residue subject
sequenssdution asd ap affective arroumt 06en Edibisy ligand, wish therepanpositioss beéing essprtiall et i ons

are internal deletions sa.ther r.e .n si_dues. a e ry & i ni of
fhe Lubfeafendt The Epeion] SR8 i fodi OB AtRT @t et e el (OE LR, 1 DL
case thdlspapaeitldrdbffbichialdatellsl at BdinbyrsbSTHAIB at diffeaint peiRtsalulyie coliragt ed.
[0072] The invention also provides chinmeric or fusion polypeptides. As used

her ei nthe dliffesentindle eelipolayisapeqraponeais may kg sided bt (s cpt culare serphetdbe at | east

a port h@@lnﬁcai c’&fﬁﬁgg o;f? on%&g g&F&r aﬁ'?ﬁ{?se%g!;éfﬁo%ﬁ%g%ﬁ.glg?s;]gé{'mg\?e'r}’ca%éhﬁﬁ&e 4e @

second, eren eptl e second poly n ‘am no “acl
sequenthet fo¢asefRAn Gbing diutnathp Pirataeionadd thedulinrd, or datingsthbstiant iofithey

identical to the reference polypeptide, and which is derived fromth? same
or a diiffeEngpble gelfaHiedefingg Medivgs prraprises 2 bl sUSRUHEHOHSEpENEI8 Mfe fdter m
"oper at kNelY, ke 1S o indicate that the reference pol ypeptide
and tﬁ%dt?éf%%ﬂb%?ﬁﬂggﬁﬁit&%&@?%ﬁ%ﬁ%ed to each other so that both sequences
fulfill the proposed function attributed to the sequence used. The second
pol ype@idieAs asedderdinighel tarn ‘Uifterdhtiablendaliliss wed ® tescnbaasclbbr pdymlatehefence

pol ypeptide. For..exanple, in one enhodiment, the fuysion polypeptide is a
e | et i iR isoud PR TR Taparselh & i Sne B PO BIBIAS o ¢ he
C-terminus of the GST sequences. Such fusion polypeptides can facilitate
the purification of reconbinant pol ypeptides. In another enbodi nent, the
fusi on pol ypeptide can contain a heterld ogous signal sequence at its
N-termnus. In certain host cells (e.g., mammalian host cells), expression
and/ or secretion of a polypeptide can be increased through use of a

het er ol ogous signal sequence. [0073] In addition to fragnents and fusion
pol ypepti des, the present invention includes honol ogs and anal ogs of

o - o o o .



[00761 Heregulins are generally classified into two major types, al pha and
beta, based on two variant EGF-like domains that differ in their Cterm nal
portions. These EGF-I|i ke donains, however, are identical in the spacing of
Si X cysteine residues contained therein. Based on an am no acid sequence
conparison, 14011fte..1.af. found that between the first and sixth
cysteines in the EG--1i ke domain, HRGs were 45% sim |l ar to heparin-binding
EGF-li ke gromh factor (HB-EGF), 35%identical to anphiregulin (AR), 32%
identical to TGF-a, and 27%identical to EGF. [00771 The 44 kDa neu

di f f er diffdrentiation phedllsr c. cNBRE with ather gells, thafuian diféasentigte imetdcasRartitlike t he
HRG po eptides, NDE.has an_i. nogl obul L.n_ (| h : in foll owed
by _an_ EVETE OB iR PR | Bk, PR A e Sl (R TR Ny RO 01 1 V)

t here ghfa@bridtRaTihSphentiypt,isnch af hbfsHllAStdr priveid-dNpessios] daghdtivedetisioen t her
al pha or beta pol ypeptides, based on the sequences of the EG-Iike domains.
| sof or His sEmerganagreisguen e carinpleda sermalamplys] kepafocyie yyricey expaspestsaeh

bet ween_t.he. i.ke i tr r i : i I S at
i 1 or B RDE 3yl ARG, A0R - RITRIR, AOB-RIR ol el oRAERNC ahd
per f or getdikHicktisd cizyfse euchpgchd tyofhronitiPosls, Saengmith&Q5 Thdd as WEFB:A/iR 24
and WO 94/ 28133, which are incorporated by referer]ge. . 100781 I n one

enbodi RENERLIRVAIHRN.G ' PLERYIYiTRFBTS HEBAIOCYIR e TRY FEPEFY 3 BB I AR ORFCIAR¥ T r ee
of exo ' [ j i Lt es. . nous insulin
or i nsgﬁ?ﬁHgt?I lxj‘sIis t§ @%l ﬁgggeﬁésﬁgéﬂgﬂ%i@%&%% ﬁ%&%@t@é%ﬁgg?%ﬁo Insulin
subst i Adidémnatpta ‘ipaftatle ordtrei patieméticoad kst adeieprotioce dreexposp tsipreiondinor

met hods of. the present _jnventio Thus, j.n certain enbodi ments of th

prese _rIPrqt?l‘i‘}e?f_{‘?’&fﬂtﬁ?rﬁ'eTh%?Wg fsogthﬁ C%&ﬁﬁ&gﬁ??gﬁ’ée H‘rt%atfq?aesgp 1a ’é’lﬁ‘}‘irﬁ Cg!s

i nsul i g;iBWBskd ddpefident HAdn @E@mbﬁ%ﬁt"@dgﬁ{é@ﬁh%’te%ﬁﬂﬂhés?%ch-EB RraG SRR, thHoQpIs tHer
met hods may, however, not necessarily be free of endogenous insulin. As
used heels may, of ndwgabogsnétivally engingered.cat es that the cultured cells may be
producing insulin of their own accord when cultured according to the

et 10050 des) HAE iRIERGD Lo IRk BrmpHASKCRARhORMIL B Rlr3RerlRMidtfe UIRd. £ O

i ndi cate residual inpurities Fronrt he primary cell culturé or 1npurities
from t hegasdledstof ggimm@titdeioalo$ theldplape ity f The Eplastivlite of & bell Banpdhértinaosgidnd

met hods of the present contain |ess than 50, 45, 40, . 35 3Q, 25, 20, 15,
10, 9, agitiyin tge o Namely: the plesticny 9T 4 cRl TP aGRY by pod iR R o n,
the te [ 12y Sy K i . r
O A S
and cafimbrdplestics iageh) the guorh tisughirtd evhiahsthé ceil mey bptble to Wifererdiata. " i nsul i n"

enconp es a protein having t ol ypepti de seguen of .native human

naul | AP oGt S ei e i PRE IR o ok Ty e a1t o
these $RAUBRGElurfibibin, AMEhbknt, bhgg[scﬂéﬂnaha sHpbRneBIRMBABSG SR vHA], YRRPhil dF
fragments that are capable of binding to the insulin receptor to_induce

si gnal thegmetiireoergrartiably maituigl del typasdpumst in aprpanbrge.ofetus 95 developsd i9sganisy. e
refers., an I e »Cont ai nin ound_t hat, . b 3 Pl .0f Insulin
to ot vevBifRaf Py AR Rt f BRRHERGL. ity Sy WlrRReE i, &
substi khkase it@&hﬁd@oteﬁpbh@ tem@tnd imibbed: progaiitoe cell, aid/eeonezdritiordinatate,
zinc bromde, and zinc sulfate. 100801 To be clear, insulin-Iike growh

f act or 8% BaEalpmaiuse ogl] pypets3eapt that thegpathess regligmatyre el fypes Sepwi 'gwm at ed

in the Lv.ent: i, j N jf d [ he
conpost T GREEH <Ll &P e (SEGRYSH ickcyihd i BRE R Rl sy 1 cRR e 4

| east endtipaiaulhicmatopketigpomechitbraed lamd (or @8 )prageny pussesstht abilityatof diffetenidaial
fragment thereof In another enbo igent, t he conposi ti gns and net hods gf t he
pr esentlP RYBIEITHR LoRe ATTaredYPes ) CuReRRY FE1LH AUCh 45y SR RIPBTHIAT CHlsepdr

(1 GFs) 0 odi R o ",
R R o R T L )
9, 8, ihthebldnd. 40ligppRentarells” inglude cells dr@rthdir pfape8y whase alskty thdiférentiatehe
term"activator of IG-1R' refers to mt s that play a pivotal role in
Fogul atngriaper Branl abee G it S rehital Hn bhiedta ol DS ohieet otBect s
of an afli NAV&er, atill kbR MeQbINP i diffeventidl idloaslicbPbeHathdldapoldit calls, hauah
they can”be nedi’ated through other receptors. The IG~-1R is also involved

i n cel bng prameteonatuts @rpartirdivoadtupycallimes ofiargiveTpiiss®iongangiPreRicwgiere One
products, and the interaction is regulated by a group of specific binding
proteins (I1GFBPs). In addition, a |largd3group of | GFBP proteases hydrol yze
| GFBPs, resulting in the rel ease of bound I GFs that then resune their
ability to interact wwith G- 1R For the purpose of this invention, the

| i gands, the receptors, the binding proteins, and the proteases are all
considered to be activators of IG-—-1R In one enbodi nent, the activator of

P — r— o 1 o~ A 1 A~ o~ o I Y - . oy




[ Leuvi ][ A a3l t ]IG-1, and conbinations thereof In a further

enbodi nent, the IFG 1 analog is LongR3-1GF1, which is a reconbi nant anal og
of human insulin gromh factor-1. It is contenplated that LongR3-1GF1 is
initially present at a concentration of approximately | ng/m to
approximately 1000 ng/m, nore preferably approximately 5 ng/nal to
approxi mately 500 ng/m, nore preferably approximately 50 ng/m to
approximately 500 ng/m, nore preferably approximtely 100 rig/m to
approximately 300 ng/m, or at a concentration of approximtely 100 ng/m .

[ 0082] exampdept ai pligapbtsa! padhis ¢, mydheld qoogsnipt ¢dinwhishdamelthnatelyefiva firs tpr esent

e RTINS bR SR S P8l T S

the temehomedoem@otémeﬁﬁﬁnauﬁ@aeﬂsmd@ﬁeutmﬁéﬂﬁqﬁaﬁe&ﬁswk%gﬁpm h factors
that are generally characterized b{@one of in the art as belonging to

t he TaHifgrendiatel af gre ritsde othge unipoteahetls gpdiar ore tyneoahmabuber sarttl maturGr- | 3
fameCeHIot% gue to simlarity in function with known nenbers of the TG--13
famly ppartl cul ar enbodi nents of the invention, if the nmenber of the
TG--f3 famly is present, the TGP famly nmenber of vari ant or functional
f r agmeji49 hpiffatntabid cealts £ USMAREZinD ma3 be Iphuriptdngimulephiett, Rsipeient becvaanber

of the TG~ 13 fanmly el ect fromthe group, c i sting of Nodal ,
Act i v.wu&otewctiwma@e Hwntsoqfﬂee P‘E?é?rﬁﬁ’b‘ﬁ’éfrl‘?lihdhf‘p&gﬁgﬁﬂﬁa BIE CElFF and bone

mor ph 24 m?d G--13
fam | &ﬂﬁﬂb%gﬁ@?iﬁfe%ﬂa I%g%{gl)l?{ﬁ({}gg ont enpl at egﬁt?’hg?ﬁl R% L (Pqersehgfgte%ent , It
i's i ni¢dllalakysaprotsiingmadite goupnommmmgtafembmfonacpmmxelhﬁﬁ@]\/yerﬁbimstn:@llm to

approxi mately 2000 ng{m .. noy. ref erabl y approxi nat el m to
D ot B polfgen Allsprinfiie Brarelia and BRrSanian cris o G prrticnlse
appr oxéfBd dinént! e diﬂ'éﬂgﬁtla‘tﬂ’é cdRla8e RhgheRR kWb ﬁ@@%érﬁ%%ﬁfl YinZPmb& ik tidu®ur

approxi mately 500 ng ) is contenplated that if used, Activin Als
initi a¢m190cbmeefeﬁtechferan@ahh@eaﬂsma¢ honaoémbipprigsiamedlsy 0. 01 ng/m to
approxi mately 1000 nWi , nore pref erably approxi mately 0.1 ng/m to

appr oxj ; [ P | mat el

appr ox#“ﬁ{'glr%e %’8’9 rﬁrﬂo ConPerg lFtepr € 65?115 % Cg{ >3 eohdé é't‘rcgt“f@lr%“ ot ammal

appr oxprowidet yheldlin @ferdlffeﬂehtlalﬂe @@dﬁfﬁﬁmhateﬁﬂ Fdradxaiibep dHfeeditiablE@EDs indy be
initially present at a concentration of approximately 0.01 ng/m to

appr oxfiariesead framembgyas or eréumréeé EeH RYalBeisH, #ﬁ*ﬁellﬂ?‘?@tai R ghcmonttewe

appro I I r I

apbr o eSSl Usocdf TR0 ERLEEE SR Yo BBRLOKI B B g

i nventmamowt imvmmrtpam ntaansargndsuee lihadssaod, phieegsr e;s&netiali, respindtoon padaelal r ee
of activator of F receptors.. Ther cur.rentl ast 22 kno

e G 1R PEFTE ORI G R e rdle 5 PRODRBS ey dn
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ectodermal cells may be generated in adherent culture or as cell aggregates in suspension culture,
as described tn WO 99/53021. Furthermore, the human pluripotent cells can be passaged using
any method known to those of skill in the art, including, manual passaging methods, and bulk

passaging methods such as enzymatic or non-enzymatic passaging.

[0053] In certain embodiment, when ES cells are utilized, the embryonic stem cells have a
normal karyotype, while in other embodiments, the embryonic stem cells have an abnormal
karyotype. In one embodiment, a majority of the embryonic stem cells have a normal karyotype.
It is contemplated that greater than 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or greater

than 95% of metaphases examined will display a normal karyotype.

[0054] In another embodiment, a majority of the embryonic stém cells have an abnormal
karyotype. It is contemplated that greater than 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90% or greater than 95% of metaphases examined will display an abnormal karyotype. In
certain embodiments, the abnormal karyotype is evident after the cells have been cultured for
greater than 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, or 20 passages. In one specific embodiment, the
abnormal karyotype comprises a trisomy of at least oné autosomal chromosome, wherein the
autosomal chromosome is sclected from the group consisting of chromosomes 1, 7, 8, 12, 14,
and 17. In another embodiment, the abnormal karyotype comprises a trisomy of more than one
autosomal chromosome, wherein at least one of the more than one autosomal chromosomes is
selected from the group consisting of chromosomes 1, 7, 8, 12, 14, and 17. In one embodiment,
the autosomal chromosome is chromosome 12 or 17. In another embodiment, the abnormal
karyotype comprises an additional sex chromosome. In one embodiment, the karyotype
comprises two X chromosomes and one Y chromosome. It is also contemplated that
translocations of chromosomes may occur, and such translocations are encompassed within the
term “abnormal karyotype.” Combinations of the foregoing chromosomal abnormalities and

other chromosomal abnormalities are also encompassed by the invention.

[0055] The compositions and methods comprise a basal salt nutrient solution. As used herein,
basal salt nutrient solution refers to a mixture of salts that provide cells with water and certain
bulk inorganic ions essential for normal cell metabolism, maintain intra- and extra-cellular

osmotic balance, provide a carbohydrate as an energy source, and provide a buffering system to
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maintain the medium within the physiological pH range. Examples of basal salt nutrient
solutions include, but are not limited to, Dulbecco's Modified Eagle's Medium (DMEM),
Minimal Essential Medium (MEM), Basal Medium Eagle (BME), RPM1 1640, Ham’s F-10,
Ham’s F-12, a-Minimal Essential Medium (a¢MEM), Glasgow's Minimal Essential Medium (G- -
MEM), and Iscove's Modified Dulbecco's Medium, and mixtures thereof. In one particular
embodiment, the basal salt nutrient solution is an approximately 50:50 mixture of DMEM and
Ham’s F12.

[0056] It is contemplated that the composition can further comprise trace elements. Trace
elements can be purchased commercially, for example, from Mediatech. Non-limiting examples
of trace elements include but are not limited to compounds comprising, aluminum, chlorine,
sulfate, iron, cadmium, cobalt, chromium, germanium, sodium, potassium, calcium, phosphate
and magnesium. Specific example of compounds containing trace elements include but are not
limited to, AlCl;, AgNOs, Ba(C,H;0,),, CdCL, CdS04, CaCly, CrCls, Cra(S04);, CuSO0y, ferric
citrate, GeO3, K1, KBr,_LI, molybdic acid, MnSO4, MnCl;, NaF, Na,;Si0z, NaVO;, NHsVOs,
(NH4)sMo7044, NiSO4, RbCL, selenium, NaySeOs, H;SeOs, selenite 2Na, selenomethionone,
SnCl,, ZnSOy4, ZrOCl, and mixtures and salts thereof. If selenium, selenite or selenomethionone
is present, it is at a concentration of approximately 0.002 to approximately 0.02 mg/L. In

addition, hydroxylapatite may also be present.

[0057] 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,QO, L-Aspartic acid, L-
Cysteine hydrochloride-H,0, L-Cystine 2HCI, L-Glutamic Acid, L-Histidine hydrochloride-
H,0, L-Isoleucine, L-Leucine, L-Lysine hydrochloride, L-Methionine, L-Phenylalanine, L-
Proline, L-Hydroxyproline, L-Serine, L-Threonine, L-Tryptophan, I-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.

[0058] It is 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
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mg/L to approximately 100 mg/L, or from approximately 10 mg/L to approximately 100 mg/L or
approximately at 50 mg/L.

[0059] 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 vitammns that may be
present include, but are not limited to vitamins A, By, Bz, Ba, Bs, Bs, B, Bo, B12, C, Dy, D2, Dy,
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, efc., for use in a given
culture. The concentration of supplements may, for example, be from about 0.001 uM to about
ImM 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 pM,
2.0uM, 2.5uM, 3.0uM 4.0uM, 5.0uM, 10uM, 20 uM, 100pM, efc. In one specific embodiment,
the compositions and methods comprise vitamin Be and glutamine. In another specific
embodiment, the compositions and methods comprise vitamin C and an iron 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 Ds and ATP.
In another specific embodiment, the compaositions and methods comprise vitamin By2 and
transferrin. In another specific embodiment, the compositions and methods comprise
tocotrienols and B-Mercaptoethanol. In another specific embodiment, the compositions and
methods comprise glutamine and ATP. In another specific embodiment, the compositions and
methods comprise an omega-3 fatty acid and glutamine. In another specific embodiment, the
compositions and methods comprise an omega-6 fatty acid and vitamin B,. In another specific

embodiment, the compositions and methods comprise a-linolenic acid and B,.

[0060] The compositions of the present invention are essentially serum free. As used herein,
“essentially serum free” refers to the absence of serum in the solutions of the present invention.
Serum is not an essential ingredient to the compositions and methods of the present invention.
Thus, the presence of serum in any of the compositions should only be attributable to impurities,
e.g., from the starting materials or residual serum from the primary cell culture. For example,
essentially secrum free medium or environment can contain less than 10,9, 8,7,6,5,4,3,2, or

1% serum wherein the presently improved bioactive maintenance capacity of the medium or
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environment s still observed. In a specific embodiment of the present invention, the essentially
serum free composition does not contain serum or serum replacement, or only contains trace
amounts of serum or serum replacement from the isolation of components of the serum or serum

replacement that are added to the defined media.

[0061] The compositions and methods of the present invention also comprise a means for
stimulating ErbB2 tyrosine kinage activity within differentiable cells. In one specific
embodiment, the compositions and methods of the present invention comprise the presence of at
least one ErbB3 ligand. Typically, an ErbB3 ligand will bind the ErbB3 receptor and dimerize
with the ErbB2 receptor. The ErbB2 receptor is, in turn, generally responsible for intracellular

tyrosine kinase activity within the differentiable cell.

{6062] As used herein, “ErbB3 ligand” refers to a ligand that binds to ErbB3, which in turn
dimerizes to ErbB2, thus activating the tyrosine kinase activity of the ErbB2 portion of the
ErbB2/ErbB3 heterodimeric receptor. Non-limiting examples of ErbB3 ligands include
Neuregulin-1; splice variants and isoforms of Neuregulin-1, including but not limited to HRG-J3,
HRG-a, Neu Differentiation Factor (NDF), Acetylcholine Receptor-Inducing Activity (ARIA),
Glial Growth Factor 2 (GGF2), and Sensory And Motor Neuron-Derived Factor (SMDF);
Neuregulin-2; splice variants and isoforms of Neuregulin-2, including but not limited to NRG2-

B; Epiregulin; and Biregulin.

[0063] In one embodiment, the means for stimulating ErbB2-directed tyrosine kinase activity
comprise at least one ErbB3 ligand that is selected from the group consisting of Neuregulin-1,
Heregulin-p (HRG-B), Heregulin-o (HRG-0), Neu differentiation factor (NDF), acetylcholine
receptor-inducing activity (ARIA), glial growth factor 2 (GGF2), motor-neuron derived factor
(SMDF), Neuregulin-2, Neuregnlin-2§ (NRG2-8), Epiregulin, Biregulin and variants and
functional fragments thereof. In another specific embodiment, the compositions and methods of
the present invention comprise more than one means for stimulating ErbB2-directed tyrosine

kinase activity, such as, but not limited to, using more than one ErbB3 ligand.

[0064] In a more specific embodiment of the compositions and methods of the present invention,
the ErbB3 ligand 1s HRG-p or a variant or functional fragment thereof. In one embodiment, the

species from which the culture additive protein, polypeptide or variant or functional fragment
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thereof derives is the same as the species of cells that are cultured. For example, if mouse ES
cells are cultured, an HRG-f with an amino acid sequence that is identical to the mus musculus

[Ty

HRG-f sequence can be used as an additive in culture and is considered to be “of the same
species.” In other embodiments, the species from which the biological additive derives is
different from the cells being cultures. For example, if mouse ES cells are cultured, an HRG-3
with an amino acid sequence that is identical to the human HRG-f sequence from can be used as

an additive in culture and is considered to be “of different species.”

[0065] As used herein, a “functional fragment” is a fragment or splice variant of a full length
polypeptide that exerts a similar physiological or cellular effect as the full length polypeptide.
The biological effect of .the functional fragment need not be identical in scope or strength as the
full-length polypepti'de, so long as a similar physiological or cellular effect is seen. For example,

a functional fragment of HRG-f can detectably stimulate ErbB2-directed tyrosine kinase.

[0066] As used herein, the term “variant” includes chimeric or fusion polypeptides, homologs,
analogs, orthologs, and paralogs. In addition, a variant of a reference protein or polypeptide is a
protein or polypeptide whose amino acid sequence is at least about 80% identical to the reference
protein or polypeptide. In specific embodiments, the variant is at least about 85%, 90%, 95%,
95%, 97%, 98%, 99% or even 100% identical to the reference protein or polypeptide. As used
herein, the terms “‘correspond(s) to” and “corresponding to,” as they relate to sequence
alignment, are intended to mean enumerated positions within the reference protein or
polypeptide, e.g., wild-type human or mouse neuregulin-1, and those positions in the modified
protein or polypeptide that align with the positions on the reference protein or polypeptide.

Thus, when the amino acid sequence of a subject protein or polypeptide is aligned with the
amino acid sequence of a reference protein or polypeptide, the sequence that “corresponds to™
certain enumerated positions of the reference protein or polypeptide sequence are those that align
with these positions of the reference sequence, but are not necessarily in these exact numerical
positions of the reference sequence. Methods for aligning sequences for determining

corresponding amino acids between sequences are described below.,

[0067] A polypeptide having an amino acid sequence at least, for example, about 95%

“identical” to a reference an amino acid sequence encoding, for example TGF-f3, is understood to
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mean that the amino acid sequence of the polypeptide is identical to the reference sequence
except that the amino acid sequence may include up to about five modifications per each 100
amino acids of the reference amino acid sequence encoding the reference TGF-B. In other
words, to obtain a peptide having an amino acid sequence at least about 95% identical to a
reference amino acid sequence, up to about 5% of the amino acid residues of the reference
sequence may be deleted or substituted with another amino acid or a number of amino acids up
to about 5% of the total amino acids in the reference sequence may be inserted into the reference
sequence. These modifications of the reference sequence may occur at the N- terminus or C-
terminus positions of the reference amino acid sequence or anywhere between those terminal
positions, nterspersed either individually among amino acids in the reference sequence or in one

or more contiguous groups within the reference sequence.

[0068] 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 aligned 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 1, Griffin, A. M., and Griffin, H. G., eds., Humana
Press, New Jersey {1994); von Heinje, GG., 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 exist 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(1):387 (1984)), BLASTP, ExPASy, BLASTN, FASTA (Atschul, S. F,, et al., ] Molec Biol
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[0087] In additional enbodinents, the conpositions and net hods conprise at

| east one insoluble substrate. For exanple, the differentiable cells nay be
pl aced on a cell culture surface that conprises such conpounds as, but is
not limted to, polystyrene, polypropylene. The surface may, in turn, be
coated with an insoluble substrate. In specific enbodinents, the insol uble
substrate is selected fromthe group consisting of a collagen, a
fibronectin and fragnments or variants thereof O her exanples of insoluble
substrates include, but are not limted to, fibrin, elastin, fibronectins,
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cells. 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-termuni 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
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100891 The conpositions and methods of the present invention contenplate
that the differentiable cells are cultured in conditions that are
essentially free of a feeder cell or feeder layer. As used herein, a
"feeder cell” is a cell that grows in vitro, that is co-cultured with a
target cell and stabilizes the target cell in its current state of
differentiation. As used herein, a "feeder cell layer" can be used

i nterchangeably with the term"feeder cell." As used herein, the term
"essentially free of a feeder cell" refers to tissue culture conditions
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different than the cultured cells is also contenplated. Preferably the

hor nrone, cytoki ne, adi pokine and/or growh hornone is present at an initial
concentration of approximtely 0.001 ng/m to approximately 1000 ng/m,
nore preferably approximtely 0.001 ngipml to approximately 250 rig/nil, or
nore preferably approximately 0.01 ng/m to approximately 150 ng/m . 100931
Exanpl es of cytoki nes and adi poki nes that nay be included in the
conpositions and net hods of the present invention include, but are not
limted to, the four a-helix bundle famly of cytokines, the interleukin -1
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[ 00971 [none specific enbodi ment, nmethods of culturing differentiable cells
conprise providing a dissociation solution to a |layer of stemcells that
are contained in a culture chanber prior to dissociation, where the

di ssoci ati on breaks apart the layer of cells into single cells. After

di ssociation, the single cells are placed into a new tissue culture chanber
with a stemcell culture solution, wherein the stemcell culture solution
conprises a basal salt nutrient solution and an ErbB3 |igand. Once
cultured the single stemcells are placed in conditions that permt growh

and di WE&3HAn edd ltlmtosﬁ"‘?ﬁjn@t?t@dl fgsiop me%fpm@e, tHe pregenteneentiominsbidgs i on used

in the |nvent|o | saggr tib,on sol ution
capabl g%fh%g ]:malg' par J{ﬁy Cscglérbn 3 peﬁﬂd?she (%Hq i % g%}%ﬁ%ﬁgre&ar | s,

Wi t houtws auaieﬂagm@s be pslypeptidex that ha/vetsﬁmiiél? of:‘alidzxﬁlcaEX aurmécﬁﬁie@ff afhitRAQqs egat i on
sol utions incl ude, but are not limted to, trypsin, ACCUTASETm 0.25%
Trypsi AEEOTRS. TERsHERLY o Hopmrismnipain %ém)vaaﬁ@s,tqrnggﬁ, parHesheees @ t he
presen R » | ayer

Bei ng. dreBuan scle R heRahel *e ko PaothGbE" Al BlookiB PRI DV Sl g1
cel | s atodecdicsalyy rdéfatiadn amefefeaeablkceemfdelsedlutgcd éucciol degeretacy[d@OR9g¢enctic code

Differentiable cel]s may Iso e utilize 0 screen for nol ecul es or
fact or ermi i epode s e mepaﬁ%e% fhiat %rgﬁog?c[ Bt e releTRr S PYQrq g S Qe ncaE s

exanpl geeddichdif! €Rtiral) @ccﬁl‘?kdés’ r@t@f&l i Riclinest énﬂnb qglﬂ sk &én@@ﬁﬂf §cctum%1 i nduce
apoptosis, differenti’ation proliferation, s simlar effects in
di fferemlreat ed |ineages that have been generat ed fromthe differentiable
cell's.- [00100] Because the conpositions and nethods of the present invention

al | ow o) ssa di f.ferenti.a cells hav ee
succesi@ﬂf‘féﬂ Pﬁf%'ilnag g‘ﬂ fq‘?ﬂ]beﬁadﬂﬁﬂtf t%‘@?ﬁ}’ﬁﬁss NGy e %Pg’sgb?ﬁhﬁot limted
to, 96{)1&%@10&1!|a@tﬁﬁﬁes%’fdh<3§cﬂyﬁ9ﬁitideptﬁﬁieﬁﬁagoﬁisgb|f £pdlop§iavean BTSRRI gy and
al kal i ne phosphat ase staining of BG2 cells that were cultured in DC FlAlF

i n_bot Rf tiegetivijies of thpnatypdlygsrrige fewn ofdiemgbipRptidret hods descri bed herei n.
Briefly, hESCs cells that were split, using ACCUTASETm and plated in

96- wel ]l 1384 nel 5 | W I '

ef fici Ln‘f:fyfias \Afbn Iillosrgo@éscgl?(i/ g%(g%ﬁﬁgy%fte[ﬁer C &‘f"e“saﬁ e@ﬁodgloﬁhg(r}gestel on,
cel | s frventieh, ¢ied E)]fbiBéSh,gaﬂdhd; HRGef} ox pamdlad o8 al(ﬁﬁ&ﬁsfmlﬂagrr@methe&oﬁap&admandlhe
smal | er environments. These smaller cul tures remai ned norphol ogical ly

undi f f BERsHPAgeRamples %ftEépﬁeéfgﬂl?ﬂbf"é? mf'?bkﬁ?s‘ilt[m}@dfsé%te*a?%ﬁmﬁ% tplResfat ase,

a mar kehqof f i hESCs coul d al so be grown
in 96- %ISF 685{%#&7;%3?\}%%2@&% a?é’ldc V(\)IIE#&% Eg{&%%gw de real -tine nmeasurenents
of inpedance, which can be used to measure cell proliferation and viability
usi ng HFORHCESns rechoially clamiﬂﬁﬂﬁmceivasmhjentzjes;), alpte., and\mw,, basedloh dtweon) .

Such an_a ul d en bel:free jdentifigat nd quantitation
o Subp D Ot e SRR e o ihe | ot offtbe BE2G biens

nMeasur RER&ies, 2& Idéhﬁl:dlfi@ﬂ’@tbp@dlng apgfawﬁeﬁw 26315 2HSIBMed thehdh PRALAGN ani N T eal
time. [0010 1] The conposi tions_ and met:hods of the invention may contain

vi rt uafmipoAsid scantncssomearism, He onBng t@ébefovp@nékm‘@rétmda@éb@w@e@s

el seuhpy . helrei dBraN ARELS. S9IRgSIL) B1Sa A IELAASESRIBI SR s

salt nutrrent so on and a neans or sti mi yr osi ne

ki nase(laBHGFY 35%A§e1@i@el B kintph@dghlh (A1), 30% M@Mtcdi foEL@BIY, 48d 2V Ned&RiFRIapent s

of the conpositions and nethods of the invention will vary according to the

prot ocbOFdesi gn. Accordingly, one enmbodi ment of the present invention

relates to culturing differentiable cells in 96-well plates and/or 384-well
| at es t f

pl at es [ﬂobﬁﬂ‘?ﬁé’m Wy fi[f?c 'Eﬁgﬁgeg;r&ftlbﬁﬂf%’ﬁﬁ ﬁPé@&lcnﬁ g?hﬁﬁgl ARG, Lik Hiiger

li m tedletI-iR@m)etypfept@dGﬂj NBirdiagas imihiusglobiin (Tg) hadslogl dbfeinphBEseat by myent i on

is not _limte o speci fic_cul ture chanber di nension [ 00102] The
conposPHFdie ‘ﬁ@ﬂ%“; RSN gl BFW@?&\P@@@U&HE@G &&‘eﬂftd‘i‘:dbf gadigied. For

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 streich

between the EGF-like domain and transmembrane domain. Thus it appears that different NDF
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exanpl e, the conpositions and nmet hods descri bed herein are useful for
nodel ing the early stages of human devel opnent. Furthernore, the
conpositions and net hods descri bed herein can al so serve for therapeutic
intervention in disease states, such as neurodegenerative disorders,

di abetes nellitus or renal failure, such as by the devel opnent of pure
tissue or cell type. [00103] The cell types that differentiate from
differentiable cells have several uses in various fields of research and
devel opnment including but not limted to drug discovery, drug devel opnent
and t esoforms ateogencmteddy, aligrmtive splommpindomby perfamm dibiarch pewtispeplic fossnas

of i nsseokt STh TR GO VERGE G PELEEPR TS ey oklRS BT R PO ENE ol Scul e

known to be required for the functioning of the various cell types as
descri [pad8] m Glcanevdené e e Hansesche fientiol) @fktcofipositidhLand Methbgeare ek ofir e not
limted to, cytokines, growmh factors, cytokine receptors, extracellul ar
mat ri x¢XogERnsdpsubiniasd isgln snlstitges dae phrase [‘goeprdud desulin @ svhlin substivies es,
and gr ] . r 4141, .0 nt | at hat t

di fferlg\é\l%%ﬁa%%gﬁ@é l1r?c§@ag$1tn? 12“ ?IL%%’:%% %l:l'nj bté%%%s %tgat %ﬂ}?é@eﬁ |n£{$%lél ytaﬁrgg%tg%th%ont act
Wi th acagidsitihink berRtiod abf ) peekeht i@neRivh, Thas,us ecrtdie eabodinichs dfehidpressk |
differentiation environment” refers to a cell culture condition erein the
di f f er @NeRtigs) theqaithadsnd cpmpaeibians e dice & insHtin af Bsulg) subsdufes Rt 8EF t o becone
2 hu ' . . . . fer. ¢

i 11 or DG b whbfc. P GRRelRnCLF EGRL bl ST Sot IS BN rad F
honogesigiogencun msatinr As ufdtthdreinm'endogages ésuky™ indehies shat thexuftoged|calls mayt hat

contains mpre than approxi mately 50% 60%_ 70%, 80%. 85% 86% .87% 88%
5% - SRrOGHIE B9vm GEE T GATACGEY, Y BR NG CGRnAP U bR HaM PR
cel | 1inneaas: hRBMOBLAREHN oh hNRNL A1 AGiTRULUIPImBIIc G I: [FRterhe

utilized to partially, termnally, or reversibly differentiate t
di f f er et dudtioleeoromipusitics froth ¢hpstadiopmdtenadnt Inoapecifin exunples dincemyastionk end

invention the.medi umof the cell differ i g nyvir nt gy .contain a
var t ot GOBPITSHTE AEHPY PREFUBR™ Pore e it a0 TRoRReit Hiaanr (Kb dicour o

Dul becepommiMrdhduligd Eagle's Medium, DMEM Ham s F12 medium PBS (fetal
bovi ne serum), FG2 (fibroblast growh factor 2), KSR or hLIF (human

| eukem a inhibitory factor). The cell differentiation environment can al so
cont ai W03%pHk ermsiteseiv.ubh teamn ‘linsalint safensdo thmpsgte{m onessahot agraamt thereafitens) |

P/'S (penicillin/strept cin B27 .and 13- nercapt get hanol  (.13-NE) .

s contBipeabe ST EREY B Share Rysba o a R GagR0 Sy RSk g e

di f f er @Rhghtth®ms@MVictGAGE MThe teRE HiddIRD, crebinpiaés 4 pidtdie datifg theljolypRpadd N,

| am ni n, heparin, heparin sulfate, retinoic acid, nmenbers of the epidernal
gr owt hsefiaencs of hatiye i memdpsplin, epefsther mammakag ingplab oaef anyr oo gseritwriantani | y

(FGFs). .i.ncl.udi -Gh : ; e I ( ' owt h
fact ortoftg%eggé%g@&dﬁgb (ryaaﬁ ’ftggnéﬂqgl ar ovénﬁ%]?’&%tfsgsrep(?#@))ﬁb ggrggégf%‘ra%ﬁ%geenet iC
pr ot ei ¢uphBEMBY bingingwb bheinsulth fbgnentiiadicenignalit®thrdughfhe fraclimrecépor. | The

ant agoni st s i@rﬁzlﬁ]@di,n%”bu not Limted to noggin, fﬁl listatin, ,chordip,

gr ent i §IMCEERER SOPHNRE TSIRF & 45¥ G116 G081l BR COBRR YR thHgReYdessesed &t Piopnot and

ami o h B iV @Rl si AR ifdAaMRY hitin] Sps GRS

ant agglhlg@?]stec%uﬁa{éﬂbgtl éo @eb léﬂﬁb@% tbﬁlfégu? orm %@p%’%ﬁf %ﬁl\/P}Il ngbr ece!g;t'gg?qelfc
chi merlag arcGidtéimifeddd ains chivatdenzigc hitrated dimd bromidagmdramesilfaes t hat can
activate or inactivate signaling through Notch receptor famly, including

but no im.ted to protei.ns of Del ta-1i.ke.and Jagged fam,lies..as,well
e nl0gRbDT B8 e, BRI BR slbwth dSsrS Saor iR RGBS o Mbos R e

f r agmeptentdagnaed in (Gt PR%AAWNNoh 2 Al inFRY, ih MItidRpeRAbeMhBodehfiend Nsul in
li ke growmth factor famly éQI@GF), insulin, the wingless related (WNT) factor
f am | ycorgpeditione arrbalgdiadgof the pogsehtdniengioo comgrisaihe sisoef dtlerst premiabuline nts

t hereof Additio factaor.s .ma e add t o_pr.onote.nesendoder

b o oesyRRlEls R R iy B s AL Bt e R T ERRE 2B g the o
def i ni ¢dnvsRidE9 BRT MeSbesdPihe penthianvintiohiatefied dahyandediany inkalin-fBe PRIwthas
survival and differentiation of derivatives of these progenitors.

[ 00106] The conpositions described herein are useful for the screening of
t est conpounds
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to determ ne whether a test conpound nodul ates pluripotency, proliferation,
and/or differentiation of differentiable cells. Pluripotency,
proliferation and/or differentiation of differentiable cells can be readily
ascertai ned by one of ordinary skill in the art. Non-limting nethods

i ncl ude exam ning cell norphol ogy, the expression of various markers,
teratoma formation, cell counts and neasurenents of inpedance. [00107] The
progression of the differentiable cells to the desired cell |ineage, or its

mai nt enance in an undifferentiated state can be nonitored by quantitating
expr es&ctms OfGHehr loetpeejéin embedmants, 819 empnosisipns pud Bedpdeel e preseitipagtons
wel | asg the | a e [ f Kk e c cteyisti f :

i 1 er oS U 10 SREITOTE SRetFant o 180TEt g s SEIPLLIORA! of
such marker genes is through the use of quantitative PCR (Q PCR). Methods
of per {081 #G RxPrRcA! thewalnt “denouor bNIGHERARfers@ heto gomd thadsay hpivoral eplknown
inthe art can also be used tQ quantitate marker g'ené exp# essi on. rker
gene elpreaskeiipy celbproberafine difEgensiption ang mAPPHediTBS elsréepk 4rcactinator allGiar ker
gene ofqi i ® SRR S&HeEQ hod
G i L U A S S

pl uri podcepoys. TiredlGH- BR dt dlaninaobitd in chilf trarséortriation oduodd by winfol eres pioddihse

[, i Si i, di | di f.f i abl [1: (b | t.uri th
Coll  RTBETae CRleLh B CreTiL At e el (ol UL Lo e
FrbB3 Licrand). MRLRidh, b g s LAY IGEBR foeaReRidral Ly 16PBITHLARI: ihele

contacting t c h conpound; and det érm ni ng whet her an
i ncr easdease ofl beynsld§F sithat phamreponethey abditpla intaractivaih I&dIRor Feti the purpnsd eff i on

occurs i.n. the.cell contacted with the.c ound. sajd_increase being an
e ol DR e SRS e resttrl 1 Bt BP R s, AR e bR RRE fiefln s or
di f f er esdsidrédd. bel dotiGab ks MGENFO din Bt esnbddifert! BB3ctivagand 1G5 - INRGIGE-1,
ot her enbodi nents, the ErbB3 |igand can be substituted with a test

conpouHaF-2 dnadugheriembod eeni the aetivaigrs pREGE-dRtis ap Habdrimalogo Nasklmising, t he
Cioot e i ! . . ot ton o |

it By EIC0L B RERUE BRI 00r Fo L s B BRE RIS SR AT mGE T
gr ol if Bre@(&iiﬁb&]aﬁ?/(ﬁhl,c[t?ﬁ%]ﬁ@ﬁﬂj Béd(@ﬁ)[ﬂ_ba’t“%ilo}Feur[ﬁewgﬁ?FtthAEf‘t}[g]’:éufoﬂIgﬁqﬂ, to
et erm.ne e C t test conpound_.on the, dj.fferent] e ce ot
e contlmabad NGl s omPreHE e GRR0s: I HASgE et ekt APy e
in thep sqEeenGRY, ‘mﬁ}:mdasreeimmswpin%ﬁ%ruf HufAE Hdufi orod AAEQ8I-1 N1yt anot her

enbodi ment, the cells can be cultured in the absence of an ErbB3 Iigand
( Er bB2¢alitemplated thatriamigRa-IkiFd ds entaadlyi piesop) at ocatetwrationef aposiniatey 4 ngfmi he

absence of an EyrbB3.1J gan Er bB2- di r ect ed .t sine kinase acti vi on the
ol 5. 1y Grdpasn HETRE aigh Sraeek b B areRn PEao SRePER sl i of ng
the degg80meR) 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/mli.

[0082] In certain embodiments, the compositions and methods of the present invention comprise
transforming growth factor beta (TGF-B) or a TGF-p family member or variants or functional
fragments thereof. As used herein, the term “member of the TGF-f family” or the like refers to
growth factors that are generally characterized by one of skill in the art as belonging to the TGF-
B family, either due to homology with known members of the TGF-§ family, or due to similarity
in function with known members of the TGF-p family. In particular embodiments of the
invention, if the member of the TGF- family is present, the TGF-f family member of variant or
functional fragment thereof activates SMAD 2 or 3. In certain embodiments, the member of the

TGF-§ family is selected from the group consisting of Nodal, Activin A, Activin B, TGF-f3, bone
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| i neage that are substantially free of other cell types can be produced.
Alternatively, conpositions conprising mxtures of the differentiable cells
and the desired cell |ineage can al so be produced. [00111]In sone

enbodi nents of the present invention, cells of the desired cell |ineage can
be isolated by using an affinity tag that is specific for such cells. One
exanple of an affmty tag specific for a target cell is an antibody that is
specific to a marker pol ypeptide that is present on the cell surface of the
target cell but which is not substantially present on other cell types that
woul d herghogatic iprotainee{BMER) dndrienp hadplogdnizyprotem-4r@3MEdy Hesercntbedidcheattei n.
[00112] The present invention also relates to kits, wherein the kit

conpr i Bednembir o thesEEF-BigmilydhAciymAi on and at | east one conpound capabl e
of stimulating ErbB2-directed tyrosine kinase activity. In one enbodi nent,

t he Ki [] : d [ " [ '
anot hel PEADRa R il EN B S sont JPR i By BRSPS AT 7
anot hespreotiadigie Otl, ngithbtokdppsoximateiy 2@ 0atg/he agire preéerably bgprokimaelyd gt f 3
fam |y nmenber, or a v riznl or functjonal fragnent thereof as described

her ei nt® 3PRIQFdMatehot (08 meanh saraBrRerably @pRioxaEmEskl0; ReEmhior AP PIGRIMaS e/ B

TG 13 p i i NER r-agnent

{ hor oop i ki b8l dbpPRRERERLOES RgMTd AfhofimaldtSo0 APRIL TipoTon

fi br obt@stmplatditthatitiseds Activiv dy is amitialdy present i @ o@icehirapmedappriosmeoély 001
anot her enbodi nent, th its conprise e than on i, br obl ast growt

oot o hglf g Spoin ity Tl Dl R oDt S SUFTely (| S at P rer St Hent

the hi so0ERRL) B6redirefeRBS) apPhSkiRhteiH 1 Eg/rﬁl%‘a%ﬁmxﬁ{;ﬁél?%g%g/rﬁ@'bi‘ aakg or

functional” fragnents théreof In arother enbod nent, Kits conprise serum
al bumi prefareblg af 4 rongantrdton of pbpwrireately Og/ml. t I icompanidated that ifi passdhio I'Git

I t gne. i |_ubl bst . i.b h i d/ t |

oS B IR B RS o o RS R E RIS 5o

Vi 1t uajpbie PRk ARYRYRBLARIPD. ItREME I RPRSHhSLBLL0 {ggrhﬂ,a&ceﬂ@reg%ef@l%@r' bed

el sewher e herein. one skilled in the art woul d recogni ze, the conponents

suppl i gprovimiataly 04 ngfmlt feepprovanstelyr2Omg/inlvary with the intended use for
the kits. Thus, kits nay be designed to performvarious functions set out

[ hi i cati . f h..Ki sl ingly.
[ 001 14{PRPO AR ARFdAEn E EPREIEGE: RheRishou lpPlhunt o diER 0

The di pebas irvestiof aralflee off atthat@s prPGReaich@ns TaRet 4rbeaertBl2 lpCESkvied
wi thin those publications in their_entireties are herepy. incorporated by

r ef er efERLFI§108 thenfPauly b tibeehiash aravih fardens, with thest fpctass bindiae to enepf &t least | y

describe §fGuStaE '?ec%tohh Cadided thQre‘M] e BothVaYR LR @Cﬁ'%&%it&s refers to
growth factors that are generally characterized by one of skill in the art as belonging to the FGF
family, either due to homology with known members of the FGF family, or due to similarity in
function with known members of the FGF family. In certain embodiments, the activator of an
FGF receptor is an FGF, such as, but not limited to o-FGF and FGF2. In particular
embodiments, the compositions and methods are free of exogenous FGF2. The phrase
“exogenous FGF2” is used herein to indicate fibroblast growth factor 2, i.e., basic FGF, that is
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 intentionally
supplied FGF2. The compositions or methods may, however, not necessarily be free of
endogenous FGF2. As used herein, “endogenous FGF2” indicates that the cultured cells may be
producing FGF2 of their own accord when cultured according to the methods of the present
invention. “Endogenous FGF2” also may be used to indicate residual impurities from the

primary cell culture or impurities from the starting materials. In specific examples, the
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Exanpl es [ 00115] The human enbryonic stemcell line B&G v (BresaGen, Inc.,
At hens, GA) was used in sone of the experinments described herein. The BGO v
hESC line is a karyotypically variant cell line, which exhibits stable
karyotype containing specific trisomes (karyotype: 49, XXY,+12, +17).
Parent cultures were maintained as described previously (Schulz et at,
2003, BMC Neurosci., 4:27; Schulz et at, 2004, Stem Cells, 22(7):12I 8-38;
Roster et at, 2004, Dev. Dynamics, 229:259-274; Brinble et at, 2004 Stem
Cells Dev., 13:585-596). Briefly, the cells were grown in dishes coated

wi t h MédiRb&Hticimand ridthrdsod tid presanncasaidil¢ss oredl 008 03,47, 61 Bré, Aplise lewimyani ¢
fi brobk%%és (MEFS) (MEF-CM conprising DVEM FI2 with 20% KSR, 8 ng/m FG-2,
2 mM L* tam ne, |x non-essential amno acids, 0.5 Um penicillin, 0.5
Um streptonycin, 0.1 nmM f 3-nercaptoethanol (Sigma, St. Louis, Mssouri,
USA) . YoUsB| ¢Ok LagenaRedDRSH & NGat th@@éfﬁ%dsﬁhtﬁlsqga infe@iehdg Bk therigvenBen caedi a
tested herein conprised DVEM F12, 2 nM G utamax, |x non-essential amino

aci ds, ighBleldt idastyewiactivatomef am BGIUraskptor. iegluding eivnef the HGFgpalypeptidessf errin

Il f 1 nvi g .. Carl shad | i f ia, USA). 0. I
L e e e
Trace HiQBNref8nk 8Sa AdncEhtifidnGf Q%bkﬂﬁ@ély@mdn%&l jtd eprdxinGely Dicngdeildnore
(Sigma). Variable |evels of reconbi nant %r ow h factors were used,_ including

FGF2 ( Braferally apprasmeetelgfs pe/RH impprereréely b0 naank mors prefesalieppraramately 1

FI RG <} | , : D
Syst emby MEReSpEEBbusH 5 i FRe S bR co BB T N Eblo bt B
(R&D syigteingy mostipdefbablyvitn cbnédfibtiGy sf ey xinlaciyg Rag/nGE In iasothemipdeific ed
o whi CROREIE GBS TS PAVE e b EHER 6 PR e SHEHL oo
above, aﬁ?%%%&, &ﬁeP@{aHFG%bR@o}gxarﬁ@Fﬂﬂé B mpEditioshnmeARUsRGAHE prédne | GF1

and 8 ng DC-HAI I's defined culture nedia as above containing 10
ng/ m HAGation 1By ngmptiseidtiéast onefof BRIG-72B0OFridY orl FGIR2R GF yariants dydiictid@alHAI F and

DC- HAT,. the LR-IGE t f se.h | aced wi =
001 17 FRRRR SRISTA L S 0 ik S iRen S 4 Fapbip iy e SR ol el or
Re duc e gnBRGMSIRL SRk Mt G floh dtich B BirA& ﬁi@fe%&:,arEgaaa&{tj M kKRS crNOMnkeE, Sy ,

USA) to a final concentration range of about 1:30 to about 1;1000 in cold
DVEM Fthrge of FGBrie FeFnibanddrF-22 her ‘eesigte o fanationaldragmsmty topeahhiespragssiut It
1:200. .1 ni/ 3 [ ' f -

oo TRV LR RO TOR oLl ARG ke,

at 4C. pMAIHR édch Tannstdliytpreseni@s dopoai@don oiesiirakietayelh 6f iatggmureapprdXathdid]y-or
the tested conditions, parent cultuyres were plated into 6-well djshes for
conpar il 99 AZ/6HL. ware snsedicalbniipm approximgiehi -6 ae(mlie @W%t?w%ﬁlnéf%h S ect | y
into t q&rﬁ&l ' r lsYecHGdh raded
based gé:e Cﬁ%gﬁo og?ﬁcﬂarﬁﬁgﬂraité[%?ingmﬁfljtdoa%grdg(grg}gegfteré g‘?&’?‘y IESM Thellg;%é? ng
scal e efprbxinmtdy il mgdhledppreaniatichgl 2 mg'mihelmest up¢cilicallzatia essestsitog odver al |
proportion of %in%i fferentiated colonies, their relative size, and

pr opor EPIRXBIRCSSAEBE or parts of col oni es exhibiting obvious
differentiation. Gade 5 indicates "ideal" cultures, with |arge

undi f f egeRe| 1Rh&dHERN egtAS eABEdIARELS, Bictlotnpdiiibas i insfhoBdof 6k peigert | Ndi cat es
a very good culture, but with some obvious differentiation. ade 3

i ndi caivsntien ernepiRcpua alimin SAbUn speaihc ambodiments thetHeiscghertiovine SA
e . g G _ .
rtt or BERLPRRHPS A AR TR BEk srfb B8 Sl e BlEoRLARRSFRRANAY |

cul t ur gprematabsutd) 1%evettme 3 edlutRl (ORi)sut ddss tim abolit L0%s/Wild ened mackher e or
did not survive. Cultures that exhibited good expansi_g é)(s)%./u(gggfferenti at ed
°c

n
cel | s wRacHgBRyimants gha seresstrptipp@l SA dy Morebpr plOUt Q- by ¢ Pitchs.
0.7%, 0.8%, 0.9%, 1.0%, 1.2%, 1.4%, 1.6%, 1.8%, 2.0%, 2.2%, 2.4%, 2.6%, 2.8%, 3.0%, 3.2%,

3.4%, 3.6%, 3.8%, 4.0%, 4.2%, 4.4%, 4.6%, 4.8%, 5.0%, 5.2%, 5.4%, 5.6%, 5.8%, 6.0%, 6.2%,
6.4%, 6.6%, 6.8%, 7.0%, 7.2%, 7.4%, 7.6%, 7.8%, 8.0%, 8.2%, 8.4%, 8.6%, 8.8%, 9.0%, 9.2%,
9.4%, 9.6% and 9.8% (v/v).
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[00119] Exanple | - Expression of ErbBl1-3, Arrg 1 and ,4a411119 in BGOv
cells [00120] Real tine RT-PCR was used to denonstrate expression of

Er bB1-3, Neuregulin and ADAM19 in BGO 1 v cells (Figure 1). BGOv cells
cultured in DC nedia as descri bed above, containing 100 ng/m LongR3-I1GF1
(LR IGF1), 8 ng/mM FGF2 and 1 ng/m Activin A were harvested and RNA was
prepared using the RNeasy mni kit (Q agen) according to the nmanufacturer's
instructions. First strand cDNA was prepared using the i Script kit (Biorad)
and real time PCR was carried out using a M} Research Opticon thermnal

cycl er {0087 DO aidiflamgManbadiseys, the cdempasidofsfp matoBi msysise aslkadt one ADSMbR

(15001 FABTE=Y" oo FEAUBITRSGEEL TEEPa PLEES07 4 28081515 S Bt r o
GAPDH wﬁﬁrm%m@kpoﬁa@v&nbmg Yi§t &ﬁitefﬁgéwéngg@r{%yﬁ&mh e siicd eal

time anplification plots are shown 1n Fig at1ng expression of
t hese mm&mnpbfscwaﬁedmdhm& arbehltbimuéstra%ﬂmbpceﬂﬁbgmbpﬁmm, Ebearmrllebi@ -
Inh|b|t| Proliferati

|| 001231 Th
dormi n 5l Rys SRR hp ikl sRoNSH § or Sk B ne

Ki nasegariah@s ByR6T n@thﬁeh@xa‘iﬁ[ﬂ&céf lﬁéohmwv,wbstrades RichRleShitfarERR Bintidqs] ﬂ‘l?m#' nases
in hESCs, BGOv cells were plated in 6 well trays on MATRI GELTm diluted at

1: 1000¢lastin, diransetinse laminins anddidagesDC) cont aining 100 ng/m LongR3-1GFl1, 8
nWriL FGF2 and 1 nWi Activin A. On the next day, DVBO (carrier control), 50
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i nhi bi fesh ne °Bor an

addi ti cormaprise pdatiis, thekélls idah la&hemdlomtaﬂ&a ngased hleing tHet tings pheéd” dlden fi xed:
and st % ned fot[ al kal i ne phosphatase activity. [0012 1%Subconfl uent col oni es
of AP- |RIaHRE) TIE B 1y epesss v@aaléqrrfgw@stom Erawa HB§dlieFﬁ Btu®| Aan@pdptmews

cul tur & f had
an appareif PhobieaRle PRI E) o PO LRtk g IRk alut deftlh &Ra M )

i nhi bi $Leﬂicc,e/v1hclgnmwuﬂnt1an b& cpatid ithguriesohdle wlﬂtrmmlmdw@rah Iturd(batcbataﬁ vzl uM
(not sho rown in A0879 did not appe differentiate
and ap{e: V\Q%&“?f%cerfé’iam étg BeoPrhat bRse %‘f"i) PPy et rl@ﬁ‘?m’ﬁél Bhosphat ase
act i vi Bi}éloghd&dhﬁ&ﬂaﬂﬂhai ﬂmﬁﬁ@ 8isap r@%ﬁ{f&qté& Ue%'fﬂblﬁiz%d% ShihfE" ?Bé &diis Whdyigut

i nduci ng fferentiation, ggestlng that BGO v cells are reliant on ErbB2

si gnal Ay npolightkyladhenarty theasblid Sarfvasros o the sBIXDrate. cBid sibgrasedritine sdherdnar
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collagen, gelatin, fibronectin, tenascin, vitronectin, entactin, heparin sulfate proteoglycans, poly
glycolytic acid (PGA), poly lactic acid (PLA), and poly lactic-glycolic acid (PLGA).
Furthermore, the substrate for the adherent culture may comprise the matrix laid down by a
feeder layer, or laid down by the pluripotent human cell or cell culture. As used herein, the term
“extracellular matrix™ encompasses solid substrates such as but not limited to those described
above, as well as the matrix laid down by a feeder cell layer or by the pluripotent human cell or
cell culture. In one embodiment, the cells are plated on MATRIGEL™-coated plates. In another
embodiment, the cells are plated on fibronectin-coated plates. In certain embodiments, if the
cells are plated on fibronectin, the plates are prepared by coating with 10 ug/ml human plasma
fibronectin (Invitrogen, #33016-015), diluted in tissue grade water, for 2-3 hours at room
temperature. In another embodiment, serum can be placed in the medium for up to 24 hours to
allow cells to plate to the plastic. If using serum to promote the attachment of the cells, the
media is then removed and the compositions, which are essentially serum-free, are added to the

plated cells.
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[ 001251Exanple 3 - BAO1 v cells are Maintained in Defined Media Containing
Heregul in [00126] Expressi on of ErbB2 and ErbB3 and the inhibition of
proliferation with AG79 suggested that BOO v cells have active endogenous
Er bB signaling and that they may al so respond to exogenous HRG13. BOO | v
cells were growmn in DC nmedium containing 10 ng/m HRG p, 200 ng/m
LongR3-1GF |, 8 ng/m FG2 and 10 ng/m Activin A on MATRI GELTm dil ut ed
1: 1000 (Figures 3A and B). These cells were grown for 4 passages, or >20
days, exhibited undifferentiated norphol ogy and did not show el evated
spont an@ii9 Tdictcpmpesitiprr dngrmethodsof thepreséns imsnton Batkwplets that ther e al so

P, - S0 Ry R AR R AR e ter R S° SRR PP o el

prol i f esyat.efs noddmmrdiy, Drfdedxbeldi isatcUekyt @ 5POMD ARRAYSo-dirkidred enhiaabigen,
denonstrating that BGO v cells could be maintained in defined conditions

Wi L h HREb:hstehdzHbe Heect opll RFatDcurrab stal) ghdafigreetiationT s ysed Bergn, a “feeder )
Er bB2- D) ' ' in. F ‘ RT-\P
meacs. QoS bR G BB SR (| AR A Bl BORACHEALAF, | Dot

MESCs, “tssbiBzillgrfebed fafpair ecll't refdieteipuesdate abndiigiRahatldeviet sodthiafeddebBl |

with | ow | evel s of ErbB4 being det e(é%%dea These_dat a suggest that endogenous
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of the brBB SEEERE QIS MANRE biRkd olvE BRNS RsBHPLNQARN SorlditRhe l?(lo‘ﬁ?]gt%vious
culture conditions where the differentiable cells may have been cultured on feeder cells. In one
embodiment of the above method, conditioned medium is obtained from a feeder cell that
stabilizes the target cell in its current state of differentiation. In another embodiment, the defined

medium is a non-conditioned medium, which is a medium that is not obtained from a feeder cell.

[0090] As used herein, the term “stabilize,” when used in reference to the differentiation state of
a cell or culture of cells, indicates that the cells will continue to proliferate over multiple
passages in culture, and preferably indefinitely in culture, where most, if not all, of the cells in
the culture are of the same differentiation state, In addition, when the stabilized cells divide, the
division typically yield cells of the same cell type or yield cells of the same differentiation state.
A stabilized cell or cell population in general, does not further differentiate or de-differentiate if
the cell culture conditions are not altered, and the cells continue to be passaged and are not
overgrown. Inone embodiment, the cell that is stabilized is capable of proliferation in 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, 6 passages, 7 passages, 8 passages, 9
passages, more than 10 passages, more than 15 passages, more than 20 passages, more than 25
passages, or more than 30 passages. In one embodiment, the cell is stable for greater than
approximately 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months,
9 months, 10 months, or 11 months of continuous passaging. In another embodiment, the cell is
stable for greater than approximately 1 year of continuous passaging. In one embodiment, stem
cells are maintained in culture in a pluripotent state by routine passage in the defined medium
until it is desired that they be differentiated. As used herein, the term “proliferate” refers to an

increase i the number cells in a cell culture.
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(MEFs) was al so exami ned (Figure 4B). MEFs are a heterogenous popul ati on of
cells derived fromE12.5-13.5 viscera that have been used historically to
mai nt ai n nouse and human EC cells and ES cells. Expression of Nrgl and
Adaml9 in this popul ation suggests that the HRG p ectodonmain is al so
present in MEF-conditioned nedia and may exert significant effects upon

pl uri potency. [00131] AG 1478 and AGB79 were used to exanm ne the role of
HRG ErbB signaling in nouse ES cells. Rl nouse ES cells were naintained in
standard conditions in DVMEM 10% FBS, 10% KSR, 0.5 U m penicillin, 0.5 U
st r ept [6PL] I certaidAibodimaitk s compyitiensaing metdl cdtiprikd fn ESGRE)r,of BMP MM
13- ME, .and. were passaged W th 0.5% trypsin/ EDTA. 2x105 cells/well were

pl at edmgl?ﬁq'@gmﬁﬂ dseq E?gmo AT LARSRNERT RN atgéglﬂg& r?cf.zeifb@cﬂn gAY tha)\AniepRiFes

Pl ati nge MBS & Cefeldr $hor€ BN Bhokeind orofh Mﬁﬁﬁg};? ; Mg Was
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dai | y eredhcenisdimgesgh afhef iupdssibkessigwailieg phtawafs. xEak amobshdishestdftoinaatikat i ne
phosp e activity. 00132 O and 1-50 glVl AGL478 had no .apparent

B F oot BYE Sefiiing fof bt apb et g0 o b b T G- cOHES DPUPRAN ne
phosph@&aﬁﬁﬁesmhéc!waofﬁ@wpl&?g%wﬁ%ir&ﬁidg%ﬁﬁna%n%aﬁvbﬁwgfed BNgB (&eptor,
substanti al | {él% nhibited cell growth at 50 gM (conpare Figures 5D ang 5F)
and nesplutdy BME esnepfopy BMR macaptoniic abin®oasyMggh,fallstabE) chondisGemtiown i n
AG879 did n ear to differentiat nd mai.ntai.ned.a pl uripotent

nor phot™ g‘?/m&?ﬁ@gﬁ“%gﬂ I?rﬂge'[&héigrﬁ??ﬂ'hg‘égﬁh‘iqs?@?tfw" a[“é@f%‘é‘j“l‘%é’ results indicate
that A0879 appeared to inhibit proliferation, w thout inducing
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for proliferation. Conversely, nESCs do not appear to be reliant on an
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selective inhibitor of the ErbB2 tyrosine kinase, tyrphostin
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starved/ heregulin (HRG pulsed hESCs growing in DC-HAIF (Fig. 6B). Thus,
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lymphotoxins, c-kit ligand, granulocyte-macrophage colony-stimulating factor (GM-CSF),
monocyte-macrophage colony-stimulating factor (M-CSF), granulocyte colony-stimulating
factor (G-CSF), leptin, adiponectin, resistin, plasminogen activator inhibitor-1 (PAI-1), tumor
necrosis factor-alpha (TNFe), tumor necrosis factor-beta (TNFp), leukemia inhibitory factor,

visfatin, retinol binding protein 4 (RBP4), erythropoietin (EPQ), thrombopoietin (THPO). Of
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[00136] To further exam ne the role of HRG ErbB2 signaling in nouse ES

cells,

the proliferation of RL ES cells was exam ned in DC nedi um using a

conbi nati on of growh factors. 1x105 cells/well were plated in 6-well
coated with 0.2% gelatin, in DC containing conbinations of 10 ng/m

trays,
HRG- 13

, 100 ng/m LongR3-1GF1, 1 ng/m Activin A 1000 U m nouse LIP or

ng/mM BMP4 (Table 1, below). Proliferation was observed over 8 days.

[ 00137] Vi abl e colonies only grew in conditions containing at |east
LIF/HRG 13 or LIF/ BVW4 (Table 1). No additional obvious benefit was
obser vedussfienc lod plgdn therit will istand thagrtbe mordetdont @ntdmed eteg varbintsatri ons.

Nor nmal
vi abl e

roliferation bserved in a control parental culture, and no
%8Pﬁll ag\%flg’{%@@%&{%&lﬁsﬁgﬁg?ﬁed media without any growh factors

Table 1 HRG I G- Activin LI P BVP4

[0094] The present invention relates to methods of culturing differentiable cells, with the

methods comprising plating differentiable cells on a cell culture surface, providing a basal salt
nutrient solution to the cells and providing a means for stimulating ErbB2-directed tyrosine

kinase activity in the cells.

{0095] In one embodiment, differentiable cells are contacted with the at least one of the

compositions of the invention in the absence of serum or serum replacement, and in the absence

of a feeder cell layer, such that the cells are maintained in an 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.

[0096] It is contemplated that the differentiable cells can be passaged using enzymatic, non-

enzymatic, or manual dissociation methods prior to and/or after contact with the defined medium
of the invention. Non-lmiting examples of enzymatic dissociation methods include the use of
proteases such as trypsin, collagenase, dispase, and ACCUTASE™, In one embodiment,
ACCUTASE™ is used to passage the contacted cells. When enzymatic passaging methods are
used, the resultant culture can comprise a mixture of singlets, doublets, triplets, and clumps of
cells that vary in size depending on the enzyme used. A non-limiting example of a non-
enzymatic dissociation method is a cell dispersal buffer. Manual passaging techniques have been
well described in the art, such as in Schulz er al., 2004 Stem Cells, 22(7):1218-38. The choice of
passaging method is influenced by the choice of extracellular matrix, and is easily determined by

one of ordinary skill in the art.

[0097] In one specific embodiment, methods of culturing differentiable cells comprise providing

a dissociation solution to a layer of stem cells that are contained in a culture chamber priot to
dissociation, where the dissociation breaks apart the layer of cells into single cells. After
dissociation, the single cells are placed into a new tissue culture chamber with a stem cell culture

solution, wherein the stem cell culture solution comprises a basal salt nutrient solution and an
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ErbB3 ligand. Once cultured, the single stem cells are placed in conditions that permit growth

and division of the smgle cells.

[0098] The disaggregation solution used in the methods of the present invention can be any
disaggregation solution capable of breaking apart or disaggregating the cells into single cells,
without causing extenstve toxicity to the cells. Examples of disaggregation solutions include,
but are not limited to, trypsin, ACCUTASE™, (.25% Trypsin/EDTA, TrypLE, or VERSENE™
(EDTA) and trypsin. The methods of the present invention need not result in every cell of the
confluent layer being disaggregated into single cells, provided that at least a few single cells are

disaggregated and capable of being re-cultured.

[0099] Differentiable cells may also be utilized to screen for molecules or factors that influence
their plasticity or other characterisitics. For example, differentiable cells could be used to
identify agents that induce apoptosis, differentiation or proliferation, as well as similar effects in

differentiated lineages that have been generated from the differentiable cells.

[60100] Because the compositions and methods of the present invention allow for single
cell passaging, differentiable cells have been successfully cultured in high-throughput settings,
such as, but not limited to, 96-well plates and 384-well plates. Figure 16 shows the morphology
and alkaline phosphatase staining of BGO02 cells that were cultured in DC-HAIF in both a 96-
well and 384-well plate, using the methods described herein. Briefly, hESCs cells that were
split, using ACCUTASE™, and plated in 96-well and 384-well plates and cultured showed a-
similar plating efficiency as what is observed using other culture dishes. In addition, the cells
formed colonies, and were expanded successfully over 5 days in the smaller environments.
These smaller cultures remained morphologically undifferentiated, and stained uniformly
positive for alkaline phosphatase, a marker of undifferentiated cells. Furthermore, hESCs could
also be grown in 96-well culture devices (not shown) that provide real-time measurements of
impedance, which can be used to measure cell proliferation and viability using the RT-CES™
methods from ACEA Biosciences, Inc. (www.aceabio.com). Such an approach would enable a
label-free identification and quantitation of subtle or immediate effects on differentiable cells, as

well as measurements of proliferation, apoptosis and changes to morphology, in real tume.
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[00101] The compositions and methods of the invention may contain virtually any
combination of the components set out above or described elsewhere herein, provided the
compositions and methods comprise a basal salt nutrient solution and a means for stirnulating
ErbB2 directed tyrosine kinase activity. As one skilled in the art would recognize, the
components of the compositions and methods of the invention will vary according to the protocol
design. Accordingly, one embodiment of the present invention rélates to culturing differentiable
cells in 96-well plates and/or 384-well plates. Indeed, using the methods and compositions of
the present invention, the cell culture chamber, i.e., the culture dish, is no longer limited to
specific dimensions. Thus, the methods of the present invention is not limited to specific culture

chamber dimensions.

[00102] The compositions and methods described herein have several useful features. For
example, the compositions and methods described herein are useful for modeling the early stages
of human development. Furthermore, the compositions and methods described herein can also

serve for therapeutic intervention in discase states, such as neurodegenerative disorders, diabetes

mellitus or renal failure, such as by the development of pure tissue or cell type.

[00103] The cell types that differentiate from differentiable cells have several uses in
various fields of research and development including but not limited to drug discovery, drug
development and testing, toxicology, production of cells for therapeutic purposes as well as basic
science research. These cell types express molecules that are of interest in a wide range of
research fields. These include the molecules known to be required for the functioning of the
various cell types as described in standard reference texts. These molecules include, but are not
limited to, cytokines, growth factors, cytokine receptors, extracellular matrix, transcription

factors, secreted polypeptides and other molecules, and growth factor receptors.

[00104] It is contemplated that the differentiable cells of the invention can be
differentiated through contact with a cell differentiation environment. As used herein, the term
“cell differentiation environment™ refers to a cell culture condition wherein the differentiable
cells are induced to differentiate, or are induced to become a human cell culture enriched in
differentiated cells. Preferably, the differentiated cell lineage induced by the growth factor will

be homogeneous in nature. The term “homogeneous,” refers to a population that contains more
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than approximately 50%, 60%, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%., or 99% of the desired cell lineage.

[00105] A cell differentiating medium or environment may be utilized to partially,
terminally, or reversibly differentiate the differentiable cells of the present invention. In
accordance with the invention the medium of the cell differentiation environment may contain a
variety of components including, for example, KODMEM medium (Knockout Duibecco’s
Modified Eagle’s Medium), DMEM, Ham’s F12 medium, FBS (fetal bovine serum), FGF2
{fibroblast growth factor 2), KSR or hLIF (human leukemia inhibitory factor). The cell
differentiation environment can also contain supplements such as L-Glutamine, NEAA (non-
essential amino acids), P/S (penicillin/streptomycin), N2, B27 and B-mercaptoethanol (B-ME). It
is contemplated that additional factors may be added to the cell differentiation environment,
including, but not limited to, fibronectin, laminin, heparin, heparin sulfate, retinoic acid,
members of the epidermal growth factor family (EGFs), members of the fibroblast growth factor
family (FGFs) including FGF2 and/or FGF8, members of the platelet derived growth factor
family (PDGFs), transforming growth factor (TGF)/ bone morphogenetic protein (BMP)/ growth
and differentiation factor (GDF) factor family antagonists including but not limited to noggin,
follistatin, chordin, gremlin, cerberus/DAN family proteins, ventropin, high dose activin, and
ammnionless or variants or functional fragments thercof. TGF/BMP/GDF antagonists could also
be added in the form of TGF/BMP/GDF receptor-Fc chimeras. Other factors that may be added
include molecules that can activate or inactivate signaling through Notch receptor family,
mncluding but not limited to proteins of the Delta-like and Jagged families as well as inhibitors of
Notch processing or cleavage, or variants or functional fragments thereof. Other growth factors
may include members of the msulin like growth factor family (IGF), insulin, the wingless related
(WNT) factor family, and the hedgehog factor family or variants or functional fragments thereof,
Additional factors may be added to promote mesendoderm stem/progenitor, endoderm
stem/progenitor, mesoderm stem/progenitor, or definitive endoderm stem/progenitor
proliferation and survival as well as survival and differentiation of derivatives of these

progenitors.

{00106] The compositions described herein are useful for the screening of test compounds

to determine whether a test compound modulates pluripotency, proliferation, and/or
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differentiation of differentiable cells. Pluripotency, proliferation and/or differentiation of
differentiable cells can be readily ascertained by one of ordinary skill in the art. Non-limiting
methods include examining cell morphology, the expression of various markers, teratoma

formation, cell counts and measurements of impedance.

[60107] The progression of the differentiable cells to the desired cell lineage, or its
maintenance in an undifferentiated state can be monitored by quantitating expression of marker
genes characteristic of the desired cell lineage as well as the lack of expression of marker genes
characteristic of differentiable cell types. One method of quantitating gene expression of such
marker genes is through the use of quantitative PCR (Q-PCR). Methods of performing Q-PCR
are well known in the art. Other methods that are known in the art can also be used to quantitate
marker gene expression. Marker gene expression can be detected by using antibodies specific

for the marker gene of interest.

[00108] In certain embodiments, the screening method encompasses methods of
identifying a compound capable of modulating pluripotency, proliferation and/or differentiation
of a differentiable cell, comprising (a) providing a differentiable celi; (b) culturing the cell in a
composition comprising a basal salt nutrient solution and an ErbB3 ligand, wherein the
composition is essentially serum free; (¢) contacting the cell with a test compound; and
determining whether an increase or decrease in pluripotency, proliferation and/or differentiation
occurs in the cell contacted with the compound, said increase being an indication that the
compound modulates pluripotency, proliferation and/or differentiation. In certain embodiments,
the ErbB3 ligand is HRG-B. In other embodiments, the ErbB3 ligand can be substituted with a
test compound, to determine the effects of the test compound. For example, the effects on
pluripotency, proliferation and/or differentiation that occurs with the test compound can be
compared to the effects on pluripotency, proliferation and/or differentiation that occurs with the
ErbB3 ligand to determine the effects of the test compound on the differentiable cells. It is
contemplated that any of the compositions described herein can be used in the screening methods

of the present invention.
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[060109] In yet another embodiment, the cells can be cultured in the absence of an ErbB3
ligand (ErbB2-directed tyrosine kinase activity) to determine the effects of the absence of an

ErbB3 ligand (ErbB2-directed tyrosine kinase activity) on the celis.

(00110} Using the methods described herein, compositions comprising the desired cell
lineage that are substantially free of other cell types can be produced. Alternatively,
compositions comprising mixtures of the differentiable cells and the desired cell lineage can also

be produced.

[00111] In some embodiments of the present invention, cells of the desired cell lineage

can be isolated by using an affinity tag that is specific for such cells. One example of an affinity
tag specific for a target cell is an antibody that is specific to a marker polypeptide that is present
on the cell surface of the target cell but which is not substantially present on other cell types that

would be found in a cell culture produced by the methods described herein.

[00112] 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-p 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-f 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-10, FGF-22 or variants or functional fragments thereof. In
another embodiment, the kits comprise serum albumin, In still another embodiinent, the kits
comprise serum and/or at least one insoluble substrate as described herein and/or at least one

disaggregation solution.

[00113] 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
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+ + + Yes [00138] A quantitative assay was perfornmed by plating 2x105
cells/well in 6-well trays on 1:1000 MATRIGELTm 1in sel ected conbinations
of 10 or 50 ng/mM HRG 13, 10 ng/m EG, 1000 U nal LIP or 10 ng/m BMP4. The
cultures were grown for 8 days, fixed, and the nunber of alkaline
phosphat ase col oni es was counted (Figure 7A). No col onies were observed in
defined conditions without growth factors, and <45 col oni es were observed
with HRG P, HRG | 3/ EGF and HRG P/ BMP conbi nations. While 1358 col onies were
observed in LIF alone, 4114 and 3734 col onies were observed in the 10 ng/m
HRG- 13thg letsaldusGkitsgrap beRSeRed tdpartoria vaioue Amctiomsysecutiiv 8liy applivaigon and
I ndi caiﬁad that in def gﬂed condi ti ons,. gtL[I F al one provided a substanti al
pl ur i pHicIREPOSFIYA 8F Such RS MAGVEY 46eridNE%d a | arge synergistic effect with
LIF, nmore than doubling the nunber of proliferating nESC colonies in this
assay. [dpw4jragni flineatshenk thﬁﬁ?ﬁﬁc@ﬁ)n! Virud peBlicatib®Oart RefbreatRl. tHeSdisclosures
synergistic proliferative effect (Figures 7B-QG.

of all of these publications and those references cited within those publications in their entireties

are hereby incorporated by reference into this application in their entirety in order to more fully

describe the state of the art to which this invention pertains.

Examples

[00115] The human embryonic stem cell line BGO1v (BresaGen, Inc., Athens, GA) was
used in some of the experiments described herein. The BGOlv 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 et 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 f-mercaptocthanol (Sigma, St. Louis, Missouri, USA), with collagenase

passaging.

[00116] 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 streptomycin, 10 ug/ml
transferrin (alt from Invitrogen, Carlsbad, California, USA) 0.1 mM B-mercaptoethanoi (Sigma),
0.2% fatty acid-free Cohn’s fraction V BSA (Serologicals), I1x Trace Element mixes A, B and C
(Cellgro) and 50 ug/mi Ascorbic Acid (Sigma). Variable levels of recombinant growth factors
were used, including FGF2 (Sigma), LongR3-1GF1 (JRH Biosciences), Heregulin-p EGF
domain (HRGP, Peprotech), TGFB (R&D systems), nodal (R&D systems), LIF (R&D systems),
EGF (R&D systems), TGFo. (R&D systems), HRGo (R&D systems), BMP4 (R&D systems),
and Activin A (R&D Systems). LongR3-IGF! 1s 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/mi HRG-[3, 10 ng/m! Activin A, 200 ng/ml LR-
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[ 00139] Exanpl e 6 - Characterization of Pluripotency of Human Enboi onic Stem
Cells (hESCs) maintained in DCG-HA I F [00140] Mul ti pl e approaches were used
to confirmthe mai ntenance of plasticity of hESCs in DC-HAIF. BQ2 cells
cultured in DC-HALF for 6 nonths (25 passages) nmintained the potential to
formconplex teratomas (Fig. 8A) and representatives of the three germ

| ayers in vitro (Fig. 8B). Transcriptional analyses were used to conpare

gl obal expression in hESCs cells (Liu et al 2006, BMC Dev Biol 6, 20)

mai ntained in CMand DC-HAIF. Geater than 11,600 transcripts were detected
i n BAOWiKlkedddss gg/orGHE. DIC-HPAFs fdefindDcrdind: B2dipas shgesonandn B0 Ag/ed HRGgr own

popul ai BHE g B, P dei T Relohh: e R A e 4. LIRS,
NANCG, %%%BHJ%O%%%%%%%%@% Hi gh correlation coefficients were

observ n conpari sons of | F cultures (R2sel ect=0.928), as
well as in early and | ate passage cells (R2sel ect=0.959) (Fig. 8D).
Hi erar@Biltdl cl ubt&ETRMEEadoptdslisherprst prapedd b diluiB@EQroveh FactoaRafweded i n

cel o HRRIRIGRH et BB SiGieneh bR anss Aerolrerede USeTia ¢ A evi ous
anal ysgscsiPiion Jatddajr au&ﬂ: f-3@{eioliat e BoEGeH %‘M&?}Mﬁf-?ﬂ. fd &J&fér%bo% rgd to

embryoi d bodies or fibroblasts (Liu et al 2006, BMC Dev Bio , 20). Thus,
cel | s ermicentedtivadl MATREGELRDSiboitohg0®hf 1 o85S prresleshtwasmsedita et diskesabt &2t o

T R h e BLALARZA 5 250 S e MG R i e
sel f - r eperRIGEI ™dioht Rk oftls iréb eedCied thédiatelyR3ifd Lkxanpl e 7 - Mai ntenance of
Human Enbryonic Stem Cells (hESCs) on Humani zed Extracellular Matrices

(ECVB) in DC-Ft41F [00142] To investigate the role of ErbB2 signaling and
devel ol#90d18ef i nebottiefested spnditions paroat qpjurescygre piated ity &wieHidishgs for expanded

on cul j | - . TML: 30, - but
coul d %J%SI% "g&éé %&%&%ﬁﬂﬁd‘é{%}é’ge@? tYJMIteP;J e?%ﬁgictd gg&%ﬁ%ﬁ%@%@ﬁ% ‘e diluted
1: 200 donidgionSAlhe oultutes O66.asBERA cand By 48 ghideCdasdwndnaiphelopahaitatiad ned
for >5 passages on.tissue culture dishes coated with human serum (Fig. 9B);
human i %gﬁﬁﬁ ating. gTheg@?élm%ﬁ%@? ?ﬁb@awbﬁﬂgxa@m}r}g e vdely qultyre and

“proprigtaky, o uemNi #eshrEAVbf LRRFA3LEEAP 18185, thedk L SEHiBY o Pf
Human Enbr ygni C StpgﬁébOel s (hESCs) [ 00144 I%U&Itltlei%p{%gtr?gg%a’raé abar ouﬁglgﬂave
denonstol@tiedort st of evlomies cxhibiphgdbesys didteabitiptiof. Grade 5 indicates “ideal” -

cultures, with large undifferentiated colonies and negligible differentiation. Grade 4 indicates a

D)

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.
[00119] Example I - Expression of .ErbBI -3, Nrgl and ADAM 19 in BGOIv cells

[00120] Real time RT-PCR was used to demonstrate expression of ErbB1-3, Neuregulin
and ADAM-19 m BGOlv cells (Figure 1). BGO1v cells cultured in DC media as described
above, contamning 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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hChr12 and 17, are accunul ated in hESCs under certain sub-optiml culture
conditions (Baker et al., 2007 Nat. Biotech.25(2):207-215). The appearance
of triploidies seens to be nost directly related to poor cell survival when
cultures are split to single cells at passaging, providing a presuned
strong sel ective growh advantage for cells harboring these aneupl oi di es.
Conversely, hESCs growi ng in one enbodi nent of the present invention,
DC-HAI F, nmaintained high viability at plating after being split to single
cells %Fi . 10A-D). BG01 and BQ02 cells maintained a normal karyotype (Fig.
10E) afl®¥zlpei ng Tradbageseynrn demasUmusHirhBiosystensy DAY 9assages

respect4 i Q 1 J I nonstr at ed

t hat d&gégg%gaégg%qﬁgg%ﬁEE@ﬁ@ﬁﬁ?gaééﬂﬁgﬂgﬁaéﬁ@bggrpg—ﬁﬁgIﬁggfinherently

| ead t ¢HEGH 7856581 mll )aNRG1 @fs00 520 tni 5 OUBS(HY00MESDTs sMiand somid GAPTE- HAI F.

B&1 and B&2 cultures were also pass%%ed by disaggregapion to single cells
with myeEs pied ywitls SaqlYlayuaiyentld (B(Appiet)Blogsieny e d Dossab tims|ampLifjcatipn plots
ACCUTASET. ¥ psd : [ : : ages
and karyotynad” et YETERERl e SYREn PP TR L G e Bhied IRERRCOF
t he corplbsi tions of the present invention naintained a normal karyotype in
at |least two human enbryonic cell lines, using a variety of cel

di ' 0145] L - I ansi i ff tiated
nEsos NEAZLo o daimie 2 uiigiend Bapetort Bt grione BFeliEs nvent i on. A
starting confluent culture of BO0O2 cells in a 60 mm plate was expanded in

DC- HAL fog123pugh  4riRassadasaih Fa R eF hehdR bickRiotAO EriEe antilyl dT ré@plR¥srobifle @
singl e experinment. The cultures renmalned undi fferenti ated, as denbnstrated

by >85%argses; Hee eranine the glifeeioiaewn inkibweraiof EfyP sxptieskinesss ot NSk &G0 lof
luir S 4 vl A 1. n.e i hy fl,ow
Pyt oere sy e P e Sl SO PR B B MIRD PR i, .

obser vedChyoRImkER (@ng)mbLengRANIGE] , Baidt@l BGOP add fl frgymahAttatied. | OnaRgRSt

af etoprotein, MSX1 and HANDL were not detected (Fig.. 12B). Fluorescence in
situ hyBY-ilYPe (carics rentad), 90 mdirdh M L Glf 781 ap Erid] whibiterieor Q6 wg-20yeM
passag i - 8l Ine t u t.snd r %

A e L A S R e e L e
(Fig. addionHKardags.ywpitndpibnatdis ickbaraes oThe owhsts weredhd¢rnhiitedaand atameld feupl oi d

chr onos content and .banding profile was maintained in these cells
[00146P@§§W%&%E§E¥mﬁﬁ§UV$% and | GF1 Exert Different Effects on hESCs Wen

Applied at Physiol ogical Concentrations [00147] Essentially all of the

report eshiey| t ur e seBRdiffueAN®1SMEs JTEFES BUw1dates bmgmag:%u&mawm Bh agi cal
| evel s of insulin, which can stinulate both IR and | R To di stinguish

t he actPntraliaad AGL8icubvrerl el dndiepineithat Saibheri RMSEsnanAb 14784 6Apht-80 udb
= . ) ) et o o e eal
| ovel s oo et ibibrftRER. ABRIS 1BANOL, (AT BPIRNRIR G Bath

titrat eds ({M(Figo2C) @nd cauzedibellificalk 2NN (nanshoeel) The ohlivirey grbivarin A€3879
noni t or.ed by counté@%rcejls after 5 days. Cultures that expand successfully

are sefiddI9tPpes Sagdidrentipferiad apperyed o1 Bintal @ pRYIREeTH oMoy 3R slelinhe
ex panskﬁﬁgﬁétaﬁ%ﬁy,' iha'{c%gyéﬂgfm%% Q‘%’e%l'&ll tB%ﬁP{t ﬁ%‘ﬂ‘ oo PlvithddyhdRigo not,

i ndi cati that the activit insull™h or insu substi tutes cannot
r epl acdiffe@itiatiandsughesting Gat BGHd celis arcirplignd on iFrbBY signslidgsbr telt @syivalepr esent

separate cl ass biol ogical .activities with regard to actjon on hESCs.
00145 Buseistie B0l FiuBiet st Sardiiipsth bete Bridt appeiin b B
[00149Eﬁﬂ3jQE&QQ%JM@ﬁﬁﬁﬂkﬂ@ the effects of Vitamin B12 and Vitam n B6 on
the grow h or

[00125] Example 3 - BGOIv cells are Maintained in Defined Media Containing Heregulin

[00126] Expression of ErbB2 and ExrbB3 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. BGO1v cells were grown in DC medium containing 10 ng/m!
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differentiation hESCs growing at an internedi ate density, B&2 cells are
split using ACCUTASETh and 1 x 105 cells/well are plated in 6-well trays in
defined culture (DC) nedia. The DC nedia contains 10 ng/m FIRG p, 200
ng/ M LongR3-1GF1, and 10 ng/m FG-10. Vitamin B6 (0.5 aM and/or Vitamn
B12 (0.5 gM are added to experinental wells. Cell nunbers in each
condition are counted after 7 days. Cell counting and col ony counting of
bot h experinmental and control wells will provide insight on the effects of
Vitamn B6 and Vitamin B12 on cell growh. [00150]1n addition, markers of
di f f er 8iRG-$t Eﬁihng/ﬁﬂrcuong]&?v-wﬂ’n &agfrrﬂ@(ﬂ@w;ﬂel@ ngfmt henmﬁeromri@ﬂﬁ‘ﬂll(}ﬁbm to

determ r]e B cts C{Tetrv and suppq[errents to the

di fferéﬂrtﬁﬁul&ﬁ fﬁ?@s el & Tog 4 TERET PERANIE: || -

Cul tur f t ai ned
ong 1 SP P BE e*}ﬁht&*‘ﬁaéd% R e U A o

serially passaged in DC-HAT, both in the absence of FG-2. The cultures did
not de{®H2@} at e Enrteschiobs, tBGAerdelld wicfeeglentiia bt dine] foaad)desagésbbt 2B daysml

N T R e e P R g (Y e

after 6,paASABRS tpi‘dhfg&e%-grﬁlﬁ'ljgandléﬁibn%géggz LA {%htaﬁ%tﬁ@bhﬁﬁ@m?a@mﬁads)

[ 001531Transcriptional anal yses were used to cornpare glo expression in
hESCs dembxsstmrangrtlmt Bél 1 v geldoAl be mathtddiedHAldefified ednditéink with HIRSA inveise
isolated fro SCs using Trizol (Invitrogen) and was treated with DNase |
Onvi t r B8 ngrgt] ding to the manufacturer’s suggested protocol . Sanple
anplification was performed with 100 ng of total RNA using the Illum na RNA
Anpl i f [(Rﬁhlﬁn ki Ez@rﬂﬂlelﬁbﬁe'l?we éﬁ? b@@@ﬁé’&gi BYrobile RIRRE E?'@'em .

bi otin-16 P (Perkin El ner and Anal ytical Sciences aratioof 1:1
w th unl abel ed UTP. Label ed, lified material (700 ng per array) was

hybri ditdadt o | | REPER dsennrtr@te SCExmrewDAL%mrqgslmbﬁ“ﬂlaﬂhiang

47, 296 t t h t

(11 C RIS REaes BAR BEmPSERY Kok b s gHERiTB ] R it e Bt 1S A
conf oCakhLESIC MHHEHwAREE PG FRBEY Iﬁﬁigade@éci&leSlfﬁe&gdatbﬁc%g%ﬁﬂzﬁ@n%‘é&lﬁﬁbcﬂll@ﬁ and
data anal ysis were performed using Illum na Bead di o software accordi ng

t o t hecowd b dvoliednn driving mERE sdfsenewahi ni num det ection confi dence score of
0.99 (a corrput ed cutoff indicating the target sequence signal was

distin bl e e i 0 used to |scr| e the
presence or abse*rqfégg}é}r&slrogn%@% %ﬁ’%%g%%gst?%nﬁc I%anmgﬁ% y5|r§m\1/\/3 gﬁ P med

usi ng Q‘aEEb)lxeés ﬂﬁ:pd‘x@ﬁﬁrﬁﬁS(FigeﬁﬁaneMEfF@hrﬁ heerol&fofis papilhen ¢fldels &&ri\&id 2006,
BMC Dey Bi ol : . Hierarchical clusterin performed as descri bed

pr evi ofigmE J@L? d3étWS&Fraztb@iélaVBk@W Br»éﬂﬂceﬂzm maalrmn Wy sharcbinem By eelye

| i nkag cl i

i 1 or ST ESFPY BAPRBof LTSARCRR Aubi ity AoBlekn Tt o YBIRGHH o
descri aitbdtﬂﬁan@ﬁs dlRepraSns int NEFJH—c}bnaﬁdmadl aleldtayand aidy Sdertt siitificaus effedtuinr ay
manuf acture and al gorithns used in the Bead studio software are avail abl e
from | PERPISACY- | nc (San Diego, CA). The majority of transcripts detected
were expressed in both DC-HAIF and DC- HAT B&2 cul tures, including known

hESC 0'19 S SUCJ&G%Z 4 ARYE3orbANGG QT e fold-bARRGHERS < ,%%h Pﬁ""”)

Hi gh C rre atl on coe I clents were ObSGI’V In conpari sons of
DC- HAI mouse ES eslls( RJ sebsediScel86idre (himainddin stdiderdaraniditioal ircDMVEENT 109G

anal ys d t hat . mai nt ai.ned i = HAT grouped ht | y
ond 1 orBsnfi RS, BE0 it lflyoweirwwrﬂram@*ﬁﬁ | g e gl o
B&2 a herL1rEESGRI0YeE 1 Bl g ﬁqg e dat a
are co@@ent §%Gprdgv?ous ﬁka\f yseg W%#o@\n%gggepﬁ%ﬁﬁ e?%%??gt e 1 ESCs
cl ust eceﬂﬂfvtfalgmadeplatmrmafr wdll trayeod MASTRIGEIdiMedluogd 4ti lbr0diol %t slay bfter phitira),
2 I
006, BN/FS(P? \er?ér%ontrolg l) 50 uM AG1478, or 1-50 uM AGR79 was added with fresh medium.
The cells were cultured an additional & days, with daily media changes. The cultures were then

fixed and stained for alkaline phosphatase activity.
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[ 00154] Furthernmore, B&2 cells maintained in DC-HAl differentiated to
representatives of nmesoderm endoderm and ectodermin conplex teratonas
formed in SCI D beige nmce (not shown), formally denonstrating the

mai nt enance of pluripotency in cultures grown in the absence of exogenous
FGF2. [00155] To exam ne if exogenous FGF2 was required in the context of
single cell passaging, BG1 cells were passaged w th ACCUTASEn4 and grown
in defined conditions containing only 10 ng/ niHRG 13 and 200 ng/ m
LongR3-1GF1 (DC-HI'). These DC-H cultures were maintained for 10 passages,
and di §0¢i82) exhi BINSOwedtl-5 files&hd Tdhbidom mpaa:nsaﬁ@dt ng colfl ppridérafier, atithon.

00156] Th t udj trat
Faro | SUGRTY SN 6P OB RhElie HRedt O B raon st RESCPoser R RBPA Ch ol 'y
cont ai IHO%V@[e AQ%’]@' sﬁbﬁﬂgiahg:nﬂibtted: éh'llt é}gﬁvﬂpét%owt(bﬂrﬁﬁar@?%s ﬁrﬁi 5 E’%ta%ki ned

key propertiés of pluripoteéncy, includ ing transcriptional profile and

di f f er entyilave slnwed predfordtomat HhabdEigurahb). etoESGegmwmva&W digywat appsar to

d ai ne 1. A conposition co i.ent olutlon and
an Er bt eyl AR D iR R iR B L ARE RS pRshEEaeh O 5" e
conposi tion of claim1, wherein said composition is free of exogenous

i nsul i poeat3d} i nsulhe rsuhs tidi ddtehat BG8Thepsargdas idhion paflifahaénwdtholur t her

conpri ?r{drlllgmlgrgi?f%érlerrl]tlit;oi;leo é\g\é\g‘g sfuggés(t)lglg (t)ﬂat mﬁcs%g%ggltglpeaﬁrb%&as%ﬁﬂ;g tforx]’er eof
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 BGOlv 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.

[00134] 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. AG8&25 significantly inhibited proliferation of hESCs growing in conditioned
medium (CM) (Fig. 6A). AG825 mhibited 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, cultures could
be passaged directly from CM conditions into DC-HAIF and exhibited minmmal 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, FGI2a,
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).

[00135] Example 5 - Culture of Mouse ES Cells in Defined Condirions
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4. The conposition of claim?2, wherein said ErbB3 ligand is selected from
the group consisting of Nuregulin-1, Heregulin-P (HRG13), Heregulin-a
(HRG-a), Neu differentiation factor (NDF), acetylcholine receptor-inducing
activity (ARIA), glial gromh factor 2 (G32), notor-neuron derived factor
(SVDF), Neuregulin-2, Neuregulin-23 (NR&-13), Epiregulin, Biregulin and
functional fragnments thereof 5. The conposition of claim4, wherein said
ErbB3 ligand is HRG 13 or a functional fragment thereof 6. The conposition
of claimb5, further conprising transformng growh factor beta (TG--11), a
TGF- 13[00adé] y nefbdurtiar eaarhinn clis @iadf HRGINBRL sidnelig®in MousElES edlpasi tion of
claim6, 'gﬁje[% sajgg Tﬁ- I3 f_amg'&lé{_ nenber . is selected fromthe roug}

consi sPEOHFTRHOMYdR ES Aells wasexamings in\ D medivse Heing 8 coRG e obeierdl fctrs.

( BMP2) j teiin:=4..( r of E ts thereof
5. The Semoaul Tr b WearPEAR B RIREdsl RNl ot LR GBIC IR o of
cl ai m &mbinatidnsiof ¢ 0 mpfoisiRG-3, 190 Inignd LdeRGBRIN | fngahloActdnin &, lOOE Uranal
fragnent thereof 10. The cor{posi tion of claim9, wherein said conposition

i s fre®oete Xagdiawémt BMFddilakle lgpelap Pedidesptionwas qhservedpest dden of claim
9, further conprising at |east one fibroblast growh factor (FG-) sel ected
fromt oup conSk.St] - 2. ol =10  FCGE- 22 fancti onal
frag nel}r?'?égg}her eo?%ﬂééd*‘ﬂgesg%nr%g%‘ﬁnoﬁgg]{%c g%]a%%g a&h%é:ir‘“élﬁﬁggpaéj at | east
one FGQEIH/BMPGRTEbleAGFNbGddhdnkl@Rdus bene fReas@d8806d vhoLede RI-EGM 42,

further canprisi ndg a serum al bumn (SA). . L )
Activin were added to these combinations. Normal proliferation was observed in a control

parental culture, and no viable colonies were observed in defined media without any growth

factors.
Table 1
HRG IGF Activin  LIF BMP4 | Growth
+ No
+ + Yes
+ + No
+ + + Yes
+ + + No
+ + + + Yes
+ + No
+ + + Yes
+ + Yes
+ + + Yes
[00138] A quantitative assay was performed by plating 2x10° cells/well in 6-well trays on

1:1000 MATRIGEL™, 1n selected combinations of 10 or 50 ng/ml HRG-f, 10 ng/ml EGF, 1000
U/ml LIF or 10 ng/ml BMP4. The cultures were grown for 8 days, fixed, and the number of
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14. The conposition of claim 13, wherein the SA is bovine SA (BSA) or human
SA (HSA). 15. The conposition of claim 14, wherein the concentration of the
SA is nore than about 0.2% volunme to volune (v/v). 16. The conposition of
claim 14, wherein the concentration of SA is |ess than about 5% v/v. 17.The
conposition of claim 16, further conprising at |east one insoluble
substrate. 18. The conposition of claim17, wherein the at |east one

i nsol ubl e substrate is selected fromthe group consisting of a collagen, a
fibronectin and fragnents thereof 19.A conposition conprising a basal salt
nut r i entkabng phosphatagecbodomesamss doanted t(FigutealAhgNEctiBRics imcrscahservey irodifmed

ki nase act.j.vity.in differentiable cells.. 20. The conposjt| o] i 9,
wher of OGS iEP i R iR et e e psa S Rk HIE e R PURT vi ¢y
conpri af I—ﬁi(?-lgmﬁ’ QBildBAN dwiiRt 359 86k hies AlekdoRERRE L BBIohd 4384 dnd
differentiable cells.

3734 colonies were observed in the 10 ng/m] 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-[ 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).

[00139] Example 6 — Characterization of Pluripotency of Human Embryonic Stem Cells
(RESCs) maintained in DC-HAIF

[00140] 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. 8 A) 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 BGO2 cells grown in DC-HALF for 10 and 32 passages, and BG02
cells grown in CM for 64 passages. There were about 10364 transcripts common to all
populations (Fig. §C), 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). Hicrarchical clustering analyéis demonstrated that BG02 cells
maintained in DC-HAIF grouped tightly and retained a close similarity to BG02 and BGO03 cells
maintained 1n 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 pluirpotency. Accordingly, the compositions of the present

invention can be used as a simple medium for supporting self-renewal of differentiable cells.

43



21. The conposition of claim 20, wherein the differentiable cells are
primate enbryonic stemcells. 22. A nethod of culturing differentiable
cells, said nethod conprising a) plating the differentiable cells on a cel
culture surface; b) providing a basal salt nutrient solution to said
differentiable cells; and c) providing a |ligand that specifically binds

Er bB3. 23. The nethod of claim 22, wherein the differentiable cells are

pri mate enbryonic stemcells. 24.The method of claim 23, wherein neither
insulin nor an insulin substitute is provided to said enbryonic stemcells.
25. The[0®ddhiod of Exdrapln723Mafnsendwee otBmpui gy qproVied Cglsi(hB8Cs)mwnl | ke growt h

factor or a Humanized Extracellular Matrices (ECMs) in DC-HAIF

[00142] To investigate the role of ExbB2 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. BG02 and CyT49 hESCs could also be maintained
for >5 passages on tissue culture dishes coated with human serum (Fig. 9B); human fibronectin
(Fig. 9C); or VITROGRO™ (Fig. 9D), which is a proprietary humanized ECM.

[00143] Example § — Single Cell Passaging of Human Embryonic Stem Cells (hESCs)

[00144] 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). BGO01 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. BGO1 and BG02 cultures were also passaged
by disaggregation to single cells with multiple passaging agents (Fig. 11). Cultures were split
with ACCUTASE™, (.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.

{00145] Large-scale expansion of undifferentiated hESCs 1is 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
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functional fragnent thereof to said enbryonic stemcells. 26. The net hod
claim25, wherein said |ligand that specifically binds ErbB3 is sel ected
fromthe group consisting of Neuregulin-1, Heregulin-f3 (HRG 13),
Heregulin-a (HRG a), Neu differentiation factor (NDF), acetylcholine
receptor-inducing activity (ARIA), glial growh factor 2 (GG-2),

not or - neuron derived factor (SVDF), Neuregulin-2, Neuregulin-213 (NR&-f3),
Epiregulin, Biregulin and functional fragments thereof. 27.The nethod of
claim 26, wherein said ligand is HRG 13 or a functional fragnent thereof
28. The imtése hothahainthaing &Prestwntofi orarcwsmpf pleirpefcpmysrch en (1Y, €RI9ISEBALS

t r ansf ' rowh factaqr beta (TG--P), JTGR-f3 fam |y nenber or.a

funct i QRAr TR Sk Ty 56 Behdlruhisa o ohinteno BB o ST aPrrtbt rer- 1 5
fam |y piRipeRincy §a5 8h6 6bRevdd MR T CIO LQURIE Wl HhdrRérs Of ditReatiateddinedded o
Activin B, bone norphogenic protein-2 (BWMP2), bone norphogenic protein-4

( BMP4) fetepiateiny MSX band Iqlp%hgmeantr@te@t@ﬂ (Fig. 12B). Fluorescence in situ hybridization

analysis demonstrated that the cells cultured and passaged in DC-HAIJF maintained expected
copy numbers for hChr12 (98% 2-copy), hChr17 (98% 2-copy), hChrX (95% l-copy) and
hChrY (98% 1-copy) (Fig. 12C). Karyotyping analysis also demonstrated that a normal euploid

chromosome content and banding profile was maintained in these cells

[00146] Example 9 — Insulin and IGF1 Exert Different Effects on hESCs When Applied at

Physiological Concentrations

[00147] 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 énd insulin-substitutes exert, compared to IGF1, hESCs are cultured in
defined media conditions in physiological levels of these growth factors. The concentrations of
insulin and IGF1 are titrated from about (.2 to about 200 ng/ml and cell proliferation is
monitored by counting cells afier 5 days. Cultures that expand successfully are serially passaged
5 times. Physiological levels of IGF1 support the expansion of hRESC cultures, whereas
physiological levels of insulin do not, indicating that the activity of insulin or msulin-substitutes
cannot replace IGF1, and that IGF1 and insulin (or insulin substitutes) represent separate classes

of biological activities with regard to action on hESCs.
[00148] Example 10—~ Methods for Screening the Effects of Supplenients

[00149] To initially examine the effects of Vitamin By, 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/m! HRG-f, 200 ng/ml LongR3-1GF1, and 10 ng/m! FGF10.
Vitamin Bg (0.5 uM) and/or Vitamin B); (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 contro! wells will provide insight on the effects of Vitamin B¢ and Vitamin B,

on cell growth.
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30. The nmet hod of claim 29, further conprising providing insulin-like growth
factor or a functional fragnment thereof to said enbryonic stemcells.

31. The method of claim30, further conprising providing at |east one
fibroblast growh factor (FGF) selected fromthe group consisting of FG--2,
FGF-7, FGF-10, FGF-22 and functional fragnments thereof to said enmbryonic
stemcells. 32. The nethod of claim31, wherein said at |east one FGF is
FGF-7, FGF-10 and FGF-22. 33. The nethod of claim 32, further conprising
providing a serumal bumn (SA) to said enbryonic stemcells. 34. The met hod
of cl aj036], whefreidditidie nBakdrs obdiffiervatiSion, BSA) asddCHidinambSAs{#e8A) the35. The

thod of .clajm 34, I n the.con tration of the SAis re.t han .about
0. 205 erieriag i HESTRE i FEERrY ThetdbiRornt riptierag Gyt affrreRaton
concengihRidremn: dffe@ftibige k&S t han about 5% v/ v.

[00151] Example 11 — Culturing of hESCs in the Absence of FGF?2

[00152] BGO02 cells were maintained long term in DC-HAT, for 20 passages (Fig. 13A),
and BGO1 cells were also serially passaged in DC-HALI, 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 BGO2 culture was demonstrated after 6 passages in DC-HAI (Fig. 13B, 20/20

normal metaphase spreads).

[00153] Transcriptional analyses were used to compare global expression in hESCs cells
maintained in DC-HAIF and DC-HAI. Total cellular RNA was isolated from hESCs using
Trizol (Invitrogen) and was treated with DNase I (Invitrogen) according to the manufacturer’s
suggested protocol. Sample amplification was performed with 100 ng of total RNA using the
Illumina 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 Illumina Bead Array Reader confocal scanner and
primary data processing, background subtraction, and data analysis were performed using
Iumina BeadStudio software according to the manufacturer’s instructions. A minimum
detection confidence score 0f 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
franscript expression. Data analysis was perfdrmed 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 of the sensitivity and quality control tests used in array

manufacture and algorithms used in the Bead studio software are available from Illumina, Inc
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37. The method of claim36, further conprising providing at | east one

I nsol ubl e substrate to said enbryonic stemcells. 38. The nethod of claim
37, wherein the at |east one insoluble substrate is selected fromthe group
consisting of a collagen, a fibronectin and fragnents thereof 39. A nethod
of culturing differentiable cells, said nethod conprising a) plating the
differentiable cells on a cell culture surface; b) providing a basal salt
nutrient solution to said differentiable cells; and c) providing a neans
for stimulating ErbB2-directed tyrosine kinase activity in said

di f f er €3¢dri Riske, CA).| The dbjoTilyeo Mtedrisadpte Hetettad meBOexpassekinrbothBCdHA Eraht | abl e

o ovi G HA RN i es el kg RS Mot Fa it oI nSaRdas v 1y
conpri gRSTPIBHRELROURF! (HRRELDAHIBRe6HELGS bdeREiBAS wWeFDERerved in
comparisons of DC-HAIF and DC-HAI cultures (R* select=0.961) (Fig. 14). Hierarchical
clustering analysis demonstrated that BG02 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).

[00154] Furthermore, BG02 cells maintained in 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,

[00155] 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.

[00156] 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.
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42. A nethod of culturing differentiable cells, said nethod conprising a)
providing a cell dissolution reagent to a |layer of said differentiable
cells to break apart said cells into single cells, said | ayer of
differentiable cells being contained in a culture chanber prior to said

di gestion; b) placing said single cells into a tissue culture chanber; c)
providing a cell culture solution, wherein said stemcell culture solution
conprises a basal salt nutrient solution and an ErbB3 |igand; and d)

pl acing the cultured single cell in conditions that permt growh and

di vi si wihaf is@ilgimeddse cell.

1. A composition comprising a basal salt nutrient solution and an ErbB3 ligand, said

compaosition being essentially free of serum.

2. The composition of claim 1, wherein said composition is free of exogenous insulin and
insulin substitutes.
3. The composition of claim 2, further comprising insulin-like growth factor or a functional

fragment thercof.

4. The composition of claim 2, wherein said ExbB3 ligand is selected from the group
consisting of Neuregulin-1, Heregulin-p (HRG-B), Heregulin-a. (HRG-0), Neu
differentiation factor (NDF), acetylcholine receptor-inducing activity (ARTA), glial
growth factor 2 {GGF2), motor-neuron derived factor (SMDF), Neuregulin-2,
Neuregulin-2f (NRG2-P), Epiregulin, Biregulin and functional fragments thereof.

5. The composition of claim 4, wherein said ErbB3 ligand is HRG-J or a functional
fragment thereof, -

6. The composition of claim 5, further comprising transforming growth factor beta (TGF-p3),
a TGF-P family member or a functional fragment thereof.

7. The composition of claim 6, wherein said TGF-p family member is selected from the
group consisting of Nodal, Activin A, Activin B, bone morphogenic protein-2 (BMP2),
bone morphogenic protein-4 (BMP4), and functional frapments thereof.

8. The composition of claim 7, comprising Activin A.

9. The composition of claim 8, further comprising insulin-like growth factor or a functional
fragment thereof.

10.  The composition of claim 9, whereimn said composition is free of exogenous fibroblast
growth factor.

11.  The composition of claim 9, further comprising at least one fibroblast growth factor
(FGF) selected from the group consisting of FGF-2, FGF-7, FGF-10, FGF-22 and
functional fragments thereof.

12. The composition of claim 11, wherein said at least one FGF is FGF-7, FGF-10 and FGF-
22,

13.  The composition of claim 12, further comprising a serum afbumin (SA).
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14.
15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

The composition of claim 13, wherein the SA is bovine SA (BSA) or human SA (HSA).
The composition of claim 14, wherein the concentration of the SA is more than about
(.2%, volume to volume (v/v).

The composition of claim 14, wherein the concentration of SA is less than about 5% v/v.
The composition of claim 16, further comprising at least one insoluble substrate.

The composition of claim 17, wherein the at least one insoluble substrate is selected from
the group consisting of a collagen, a fibronectin and fragments thereof.

A composition comprising a basal salt nutrient solution and a means for stimulating
ErbB2-directed tyrosine kinase activity in differentiable cells.

The composition of claim 19, wherein said means for stimulating ErbB2-directed tyrosine
kinase activity comprises at least one ligand that specifically binds ErbB3 in said
differentiable cells.

The composition of claim 20, wherein the differentiable cells are primate embryonic stem
cells.

A method of culturing differentiable cells, said method comprising

a) plating the differentiable cells on a cell culture surface;
b) providing a basal salt nutrient solution to said differentiable cells; and
¢) providing a ligand that specifically binds ErbB3.

The method of claim 22, wherein the differentiable cells are primate embryonic stem
cells.

The method of claim 23, wherein neither insulin nor an insulin substitute is provided to
said embryonic stem cells.

The method of claim 23, further comprising providing msulin-like growth factor or a
functional fragment thereof to said embryonic stem cells.

The method claim 25, wherein said ligand that specifically binds ErbB3 1s selected from
the group consisting of Neuregulin-1, Heregulin-f (HRG-[), Heregulin-o. (HRG-¢), Neu
differentiation factor (NDF), acetylcholine receptor-inducing activity (ARIA), glial
growth factor 2 (GGF2), motor-neuron derived factor (SMDF), Neuregulin-2,
Neuregulin-28 (NRG2-$3), Epiregulin, Biregulin and functional fragments thereof.
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27.
28.

29.

30.

31.

32,

33.

34.
35.

36.
37.

38.

39.

40.

The method of claim 26, wherein said ligand is HRG-p or a functional fragment thereof.
The method of claim 27, further comprising providing to said cells transforming growth
factor beta (TGF-B), a TGF-f family member or a functional fragment thereof.

The method of claim 28, wherein said TGF-p family member is selected from the group
consisting of Nodal, Activin A, Activin B, bone morphogenic protein-2 (BMP2), bone
morphogenic protein-4 (BMP4), and functional fragments thereof.

The method of claim 29, further comprising providing insulin-like growth factor or a
functional fragment thereof to said embryonic stem cells.

The method of claim 30, further comprising providing at least one fibroblast growth
factor (FGF) selected from the group consisting of FGF-2, FGF-7, FGF-10, FGF-22 and
functional fragments thereof to said embryonic stem cells.

The method of claim 31, wherein said at least one FGF is FGF-7, FGF-10 and FGF-22.
The method of claim 32, further comprising providing a serum albumin (SA) to said
embryonic stem cells.

The method of claim 33, wherein the SA is bovine SA (BSA) or human SA (HSA).

The method of claim 34, wherein the concentration of the SA is more than about 0.2%,
volume to volume (v/v). |

The method of claim 35, wherein the concentration of SA is less than about 5% v/v.
The method of claim 36, further comprising providing at least one insoluble substrate to
said embryonic stem cells.

The method of claim 37, wherein the at least one insoluble substrate is selected from the
group consisting of a collagen, a fibronectin and fragments thereof.

A method of culturing differentiable cells, said method comprising
a) plating the differentiable cells on a cell culture surface;
b) providing a basal salt nutrient solution to said differentiable cells; and

¢) providing a means for stimulating ErbB2-directed tyrosine kinase activity in said

differentiable cells.

The method of claim 39, wherein the differentiable cells are primate stem cells.
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41.

42.

The method of claim 39, wherein said providing a means for stimulating ErbB2-directed
tyrosine kinase activity comprises providing a ligand that specifically binds ErbB3.

A method of culturing differentiabie cells, said method comprising

a) providing a cell dissolution reagent to a layer of said differentiable cells to break apart
said cells into single cells, said layer of differentiable cells being contained in a

culture chamber prior to said digestion;
b) placing said single cells into a tissue culture chamber;

¢) providing a cell culture solution, wherein said stem cell culture solution comprises a

basal salt nutrient solution and an ErbB3 ligand; and

d) placing the cultured single cell in conditions that permit growth and division of said

single cell.
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