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medluﬁg PAE fFenitBas bf/ﬁiyl o ofitlesse Sitve Yact&h dedreased tultiee perfernsdmoenSome of

at acetic aci aof 4.75 can.the
these gafs s eH=ipdc Eb% ﬁm&fvﬁ i ey Sgpyodp media With diy one of
these %n%ﬁfu@ﬁg lofmifayd 1{‘93%%*%9{ ]%‘érbéiﬁage'%ﬁ’ cBild §hiBéSined undifferentiated
chem stry may enploy a sa acetic acid as source
as comfaratetcatterss om‘él allTfosr aftheseomediing donstduerdpimchuedh Nete that Octd,
preferred since this chemstry is readily available in
the sem conductor fab. The passivation chem stry may
additionally contain CO2 and/ or H3PO4 and a suitable
base such as TMAH for setting the pHto a
predeterm ned vaI ue. The chem stry forrrs a prot ectlve

Y
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etch rate of 5000 AAmn or nore as that denonstrated
in exanple 5 in Table 2 below, exanple 6 in Table 2
whedoemo1iand exanple 7 in Table 2 bel ow. Tabl e 2PCT/US2005/031838
Summary' of Cof | nbaM VbE xanples 1- 7:Notes Rel ating
to Examples: Ex. # 1 (Exanple T):"(O3' -1t>2" +H20+CO2+
SSEA-HNERRAN4 HEAB60 mid Fra¥ 80-ardallbelt apfaee netlodns oatrascripbon f4fors

(Oct4) gﬁgcﬁing‘g Bﬁéto ééaecg thzé;llggren o%%%%& qﬁg 4 1ﬁelstrates similar

irials il QBERRE \'ﬁg&éﬁ%ﬁﬁ% tha-{NWﬁl Iﬁllﬂ’a%le@ass & @b g’?&ﬂiﬁ@ﬁte@fﬂ{b cultures

rate; Exanpl e : part i al
was thphighet Mélen alltlﬂlnﬂSIe @mtltum%@emmf@mfhmulm Hheglign) ;

00021 3, BT i A TP B et

blolog&@eﬁgfﬁken e culture endel. CORe Badh halleri BINBSHHAE Been BN Matrigel ™,
H (A5 : B+Q2+H20+CO2+H3PO4 TMAH, pH 7.67); _Ex. #7

which S@@f@ﬁ@ahbaseroerm npsambraEpoigaptsesell grisks whichs sumbed as 2

om0 G SR O T Bl B A o

serve o/ sixafl@ciurpesetif GbrdgtAdCh hualhe pioprotdie ethichde uswmitia i@:insoluble form to
oxi dation reduction p

tential with respect t he
create 3 fBFIMPENIAIRHE GO AP BOREIS! BembETIERRES 7 EaieRqrIn ous hands a
matrix %B@e&ﬁ%%%ﬁ &P Howeég:‘)ﬁ"lﬁs allh %meé@ﬂ ¥l that a
neasured data is tte on the di agrans shown in
humankhaisix nheerfdl cambssmadc vhecomabigatiaf oﬁihb hanere mafroy prfeingcollagen IV,

Sbronciae e G O HRUR B I B SGHCOr SECEIT L b cols

1ndeﬁﬂﬁetﬁnraﬁ3ﬁ@ﬁfer&1ﬁ1a%d%’ﬂeﬁé‘frﬁth@YI@SRQ %ﬁbd‘iﬂrﬁCt rode (SHE) as a
furction of pH for ozone-gas dissolved in water. The

[00022at a i Arrhang attbaehayadisted mpeskumiaddisives foHowed therypethedical testing of
h ddi
ovr s RS Bl IFR R SRS L RO B S 5 v

passag6§) i€ Sipostiih @it Frawei ShuiniES Seltsdn B8ltirg/ 1han§l favled irpsubsequent
have used the nost recent thernodynam_cal

passagas i aipfain the ESeells in an urdiferentiated siaia W'e &ﬁrgﬁldméld@%{ other

combl?dﬁi%% ORI ﬁffﬁ:)Fst xggltch %a!r:é %1% Tctaéuﬂs gptheméﬁu{‘mveg described in the
nodynam ca a“predi ct copper Sesqui oxi de

examp{éSib2(d%). Tms feediat oo st thé oovestityzatsend hetl sibjebiao somdivasbtieh. For

exampie, it Bkt U5ed Thinegesdin bRerse KNS (boeet ity BRts
themsSH& R kiR @ﬁﬁmﬁe 0 Bffhtigepaﬁﬁ’\pi’}%ucﬁléﬁ haGAn bou1ABY 8PBFituted as

passivation chem stries contal ning dissolved ozone for
equlvaﬂdms toi Iri€, evemthougn 8l is the ld@bdﬁhe s ecoinemécatagads forghis purpose.

Simil &e&fﬁ]&%ﬁg Eéﬂplggd G &ﬁa c%%v g,{é{gzg Sﬁcﬁgﬁf’l 3nd 6];1(? %céentlﬁc literature

1ncludé@ﬂ‘1€ hdenHEiBatfsh JPudterandoletwled @hﬁﬁ (atd ngoﬁi%kd oF thzﬁ)é@ﬂhe rédépi@)r and
as tenorite, malachite and Cu3(PO)2 and out ernp

might e mnm«;cbfor GABAdn theimediwe a5 nmeqmﬁalgmt ff isladse beheved that PA also

intera sr\g{ % lié\é’gl?l% %e 1% and, OIAB/% were foumil tcbli)e helpful in the

medmﬁp.itltﬁie mﬁsmramds ﬁsvdl Hérd) &t ioalsy ehvikiored thit 618 c&tthe/eﬂhyr of these
hi gh positive potentials of the oxygen evql ution
constlwé@qs peuldbedramatioply screppehin Gongeniagpp o oyiate e need for the ofher.

e

obviatddtheared &iri fedfder edllsc tTheprefotredFGElis badfic FGE, dlsewfersxtto as bFGF and

FF2, 35 i E?%F?%m“ theears bRy, P T ptath P iisor wis

purpos%gagl v oc@ﬁﬁ Féjfnfa?‘éﬁof\ﬁrkt&%n%%@eﬁ%&%ﬁﬁM@S In

t he presence of high anounts of dissolved O2
in the treatnment solutions is believed to sl ow down
the Cu203 deconposition by pronoting reverse reaction
above. The ORP-pH regression lg-ne di splayed on the
Eh- pH di agrams was cal cul ated using the experinentally
measured ORP data at 42 and 53 Cin the pH range
betvveen pH s apprOX| rrately 4 to 8 5 The equat| on of

o o .




I nventors show ng the predom nant phases for the
Cu- H2O- 5mM CH3COOH 5mM H3PO4 systemwith CuT=l 0-2 mM
woe@e®2019s cal cul ated at T=43C, Fig 6b is cal ceCHUSZHOZ031838
T=53C, the inventors have shown that Cu-H20 5mM H3PO4
system has virtually the sane E-pH diagrans. A summary
[000249f so r‘ﬂlembaawh‘eommaﬁmmm anlg yemid stele(HS) cek splpures naye previously

been m%&g.%ulgg 1bnI %M@)‘g@? ﬂ;ﬁ pglsycvgi?n]%ocgll ed 6]]'4121 t];irﬁii;grles?ence of fibroblast
feeder BARI drea @&Iﬁilﬁor@d rﬁé(ﬁﬁh &Y 16 tb BpetatkiBn ‘ﬂha\tvﬁlerm%lasts release into the
sunmari ze range of stabilit or solid species
mediuy @dhctggwh@lha@m tp @nhfqlé gﬁferqn@a@@@ the )éﬁcpe@ 3Hpwaya, whatever effect
far, he bi | f.
that is glggfé}ﬁlago)ngg ?p’atpéﬁg feeg T cegg ?of téfg %}e@?u&ﬁ ol'& 1%31?310%% ﬂilat thesmedlum
descritedbelovaivalsubgtituie or thae Bifedts Thaltlres ﬂaedlatdl&ﬁn@i Bflewiatsdefined,
form ng below the stabjility regi on of coppe
containspa yimak cdls, adparpyt th@}ong iterRe lg@é@@rentlated human ES cells in an
undlffeg%&?leérdr sZ%é %égﬁlgfe% sB 9r ggﬂfg@ gfé % int%gﬁ%np %ﬁgf)i(i@ﬁ the eqri)/telns in the
mediumrage slibhtmalay haﬁdﬂ@“lﬂiﬁﬁ?anﬁmd” hi2@{Bn addedturs c(mduthms taavoid any
egi on of ng .and w de. process w ndow,
possiblg PFeans ?@%F@m@% cﬁ&fﬁemaap&%@t ive film
[00024]0F MatEQRNANES W t hi n t he region for high [ HCO3- 1]

concentration for good HO radi cal scavengi ng, (note:
[0002@} Kal fThe dideiBeds 3f acS&Dnmégme avh@h Wd@mﬁlhmmnf@ described

i tions t.h d e nt the
ot ug G i e RGP EL T | P RS Bz e ents
sugges@éd&ﬁ%rﬂlﬂf&@nt@ited’ﬁﬁﬁﬂrﬂs t€ll pio@feraionWasSoptimabat HHH off 7.2, an
regi on of good pH buffering and w de Pr ocess w ndow,

osmolmty af 35Q mOBialding aptmegihsFe ¢10i0%#¢@y/8%Q2y dhipsd genditions were used
f rall rrmt n'tﬂuﬁgsd é@cﬁlt‘édrh Tr{% regi on for high [ H2PO4- 2]
° 8 etmra Ion radi cal scavengi ng (note:

[00027) Ka fOCelld‘bf }dnmqis Hﬂiss(Hﬂ ®17, HRP&M FI14 oclldR@de ﬂlltpSohfé’ra%d robustly
20 degrees) CO2 Contai ni ng .Conposi t

at
in TeSRA BBl Selok TR RERL eRISIVSIY (18 TR B keDghBeREEre
continfibBimdl E8 TRl t8LAHeE 750 ol LD aRE: B FEpAKgs. Teratoma
formammp\a&f caisnad dod e al{ldiiQ @8¢r Wnartd20 maspywes. sur f ace.

Wi | e norite and achjte ca for
[00028]) 4t i f}@ﬁ%?%ﬁ%@éﬁ?{a §§|ceﬁncvﬁ%§%§8¥%%1 optimal because of
the pre3bARIANEUBLAT PEiSRc £ AT AR bLMAMESR, Heesu¥B ihedin®in matrix
copper sequ|OX|de requires relatively higher Eh
compownahts esllzgeoofibliongeting lanhisinfng Hltmrmgmgnhmmatqdﬁbe final animal product

vom 7S5 PP AR BE S Bl Dbl

eliminb 28 $¥ont SEPEIE AumAXES €ell BYRIdusifg coMirelin {HROMEliuth. OWe confirmed the
mal achite layer. At relatively higher Eh values where

presenge ppiFuXee o hemep ESicslipeydires ia ftaollagt ﬁpndlﬁenqs‘r@@@%mp @%ected a
i r
el RS LY B e By L M ol et any
NeuS(]‘rcﬁMﬁES 28l altvesdipsTeSRAnRRIG the S hoxian matﬂ'meorhpcbrmhtsx These data are
er_structure with coPper sesqui %XI de is beli e\rgg

llustraigd RS B SOGURIHR 15 57 SRR SR e SRy B B THRlF 1o huian proteins
do notvé'x H)ltttﬁg H%lll %ﬁm@ﬂ glag@ Lag lfés?(gxes FhRdGReER dlﬂtﬂrc@torﬁnﬁllihe feeder cells.

ue o can good buffering agal nst
[0002£ij chafig et merwadntlbnsoﬁ the B8 celd melonh:a rand theHutabitityadfdheculture for

the IOIlﬁ'tSEE ggal og%%%rsli% calé Fu hl;gfi C &'P%ﬁiﬂv i:md e}l'b AN rcg)gipélred to the

best pﬁ&%édmﬁ%oaaitﬁh qucill uli)blu‘d MahdsAb Meusk be c&’(@héﬂé& WAkBum. It was
he concentration of the hydr ox%fhhradl cal

found ﬁmmwm@@um weas cepable nﬁmatrﬁ@nmg thenlyragn B cellsipguch an
3. "Thfe -ih areis a higher concentration of hydroxyl
radi cal scavenger for a given-Z202 concentration for
stabilization of the dissolved ozone concentration and
a correspondi ng higher rate of renoval of organic
naterlals such as photore3|st Accordlngly, a pH of

Y -— P~ I Y

T a



Cx2, H3PO4, and TMAH), (03, H20O H3PO4 and TMAH), (03,

H2O, CH3COOH, and TMAH), (O3, H20, CO2, CH3COOH, and
wakas291003, H20, CH3COOH, H3PO4, and TMAH) or PCT2B$2005/031838
H2O, CO2, CH3COOH, H3POM4, and TMAH)) the di ssol ved CO2
concentration can be in the range of approximtely 1
undiffdrenti2fedrstdt¢ thabbes/90Vi ef the télls deBDEdan tesCHIMDRH0D Ocb leen after

weak car hoxyl d concentratian can t he
long tegp 03}515%3 ﬁﬁ?sé‘ft§/° fhs G er g B P 0* Bige 3 AR Hetesents the
first 1n§51§,%%13 119 %&Qﬁ@] é?ng/‘ Yok iak hlcsiantidaed !rr[bdhﬁﬁ filed ﬁﬂsﬂu@ﬁ hds
. ssol ved ozone concentration is

mamtaplﬁéfade‘eeb byummffpmtmtada geovoh ofBuman B8 gehgjiolthel pisw] tb@dwer 90% of
e co ncentratio in high values for
the celg q“ﬁfl'—’} e ﬁeﬂlé‘l%lgqu{tér nt?%e({%q a?%é%tegt to the standard

[ooosd}ydr OgEHe bWl sRteanidPACH laaalgsit BEHO pellvdiltugedfor Btpassages was
t he rgéq%on f or Copper Sesqw oxi de (Cu203) formati on on

measugef gn Te$ Ry mredivgn ’Jg@ﬁka digatrom gyhichseagh dhg fpdlowing components
had beérg&?l Lt?eﬁc"?gFE PN A% ';qFEF}fl o % PEARE 3% 10° cells from

BSUI TS on the ¢ ate range for
each célllﬁl@wareqﬂz&ed o ®afyiol crﬁpfasnagm i Gall ni[imbsrsme dairgediromdriplicate

fromthe jntersec n of the experi nta
wells tg 35358 HGRUBCRRARE 1) B ButvgH PHERE 3 9P 9851y fi Do olis platng
densrn)} ﬁld’@hﬁ)ﬁm hihfes gvé?é"re?bﬁg& %\Vﬁeﬁl‘ifosﬁﬁle efé} 8Passa es. Cells were analyzed

H2O-addi ti ve s ens Teotlrra oper a

on dayzﬂ*qumssago B hyﬁAGﬁ rfwwﬁmprfammarkbrs S@&z}d §S|EMf %@’1 ﬁ@ and Tra 1-81

a3 e ks 43S e BRE S ARG el e

show tﬁ&’cﬂﬂﬁ{anﬁsi&lfs bR be Eallalred b médih taek g cpbF thasid@nihents at the cost
Cu2 protective filmformation - Determ ned fromthe

of somienngrented difGrrentiatione f exlbeinithaonitirg, ynd thahBieiighest lore.ofH
undiffe&elg bar e mtﬁﬁré J:Jelﬁ% é@&&%ég%%%%lli(%e%lebgy é\fet &Enp\%ﬁ:ﬁ}s ESfﬁ'ﬁlar results

were o@faﬁieatwlﬂgotmbt edgdimps foweliraxi mum over pot ent i aI good pH
i ng,. good HO radical_ scavenger specie .
10003801 rat ¢ TP IUp RN GYe Mg 5 ool LHes MginiaiPein byt megipp wes tested.

cos {5 ELAM A BT VAT FEEMCES gy o i

matrixafppl 1 amd I(Dpassdt@s,rmspmctlmly twerd infeeted igo SCIDybeigomade. Teratomas

.. .patent cat | er /608,040 filed Sept enber
exhivife Sempiek Seraiteton AersioastihepERRr Yo eRe BB a10

RESEARCH OR DEVELCOPNENT [0002] This invention was nmade
with United States governnment support awarded by the
follow ng agencies: NNH RRI 7721. The United States
has certain rights in this invention. BACKGROUND OF
THE |1 NVENTI ON [0003] Stemcells are defined as cells
that are capable of differentiation into many ot her
differentiated cell types. Enbryonic stemcells are
stemcells fromenbryos which are capabl e of
differentiation into nost, if not all, of the
differentiated cell types of a mature body. Stemcells
are referred to as pluripotent, which describes this
capability of differentiating into many cell types. A
category of pluripotent stemcell of high interest to
the research comunity is the human enbryonic stem
cell, abbreviated here as human ES cell, which is an
enbryonic stemcell derived froma human enbryonic
source. Human enbryonic stemcells are of great
scientific interest because they are capabl e of
indefinite proliferation in culture and are thus
capable, at least in principle, of supplying cells and
tissues for replacenent of failing or defective human
tissue. The existence in culture of human enbryonic
stemcells offers the potenti&- of unlimted anmounts
of human cells and tissues for use in a variety of
therapeutic protocols to assist in human health. It is
enV|S|oned |n t he future hunan enbryonlc stemcells

o T | T | I L Y T




permts the culture to remain as undifferentiated as
possible, i.e. with as fewdifferentiated cells as
weowsiokiier We bel i eve that we have used parti CRCEHDE2005/031838
stringent standards to define conditions that wll
support the indefinite culture of undifferentiated ES
TABLEdl | oCdrhpleeForh0ich fGeTeSRd| Medtidioum f or mul ati ons wi | |

rm.t human ES cells to reppi n undi ' d for
]NOR@&}@&@A&IS but _that state en f ai vélbﬁ@%@f’ in mM
Calciuhltﬁﬁélfc}e(k?]hg%ﬁé)cm ar, we glgiine therguawhd of human 1392
ES cells fr

man initial seed culture in a culture
HEPESessel to confluence in the.%ane cul bvvgininediygirocdoride  0.5488

" pas e."” ave, found s I medj ym f or nul.at hons
Magnetsﬁlﬂ? aﬁg‘?‘?ﬁ @%ﬁgx%‘ tivati o(z‘)lgzahurrag]l‘%gp%%ﬁ{%ﬁ%d? one 1392
MagneBfunt BEIFREEH2969) W t hout sey81908di f f erephadiciacid but 0.1392

then the cells differentiate rapidly u on_subse%uent 0.0784

a .

Potassiyas elgade (K&) have cone to Hebiddve t hatCysteingrdel-
' . O vy 3
sonoBIRAGHVEPe L (o b sl bggr i oo

Sodiurfi @Aldride Ned) medi um or fi brohbss f eeDetlutalit scidt he 0.1392
. medi um nust be denonstrate 0 suppoyt_cul ture of
Sodiur PRTPIES, G071 AT ESLIbet SpBPA |y, unlIGRHERNG 296

. ' eptlated state for at |east five passages. It
SOdlmlﬂg)(ﬂg%@g{ef Hnltr?g?'t ant that the cultures remain relatively

habipPOeuE2@nd undi f f er ent 0.36%$2t hr oGlyleinet t he cul ture 0.296

period and retain all of the inport characteristics

of human ES cells. [0007] The stat ea]gTLHla'il ]?%'?]te(ﬁf}?%?i on 0.1176
TRACH M@ERAMScel | cul ture can be assesspdsdlasdingasi |y by 0326144

judgi ng the norphol ogi cal characteristics of the

Ferric dtrits (Fe@N@I3)3-0H8M)i at ed st 8APERA408 hhnleugine 0.353584
. chara r{ st r phol ogy, i smal .
Ferric SUTHE RO EIEQIT) Pliot 1 o0 R0f1 76 or kS MheiRARRRlride 0391216

CuprioMiilfate (CRBO3sS1E2G) | y seen by.oggsBroaat Loviethfondnest em cel | 0.090944
cul ture under a m croscope, 05{ contrast, ce|lls which

Zinc spgte (iYPErERD) at ed appear O08FHEr  anb-TisP¥aginmCuse, 0.16856

Ammdfifd A RhREINARVER"S- Vhlobgosore gifbraenti at ed 0.2176
cell's can, and normal'ly do, appear at the margi n of

Mangé&oue Sulse Mn 8OdiHI@r ent | at €906298-85 Liferimpt i mal stem 0.296

cell culture is one that praoli es J.,nh the culture
Amm%glgé\flol‘xﬁ%l €only mninal n&%ﬂé‘ﬁ‘ﬁ'{@% igmgoﬁ?ethe 0.352016
Nisoﬁéggéhery of the culture appPagsimost L-N§ptophan 0.0346528
[

erentiated. Wth experience, one can judge the
Sodiumt MttaSikidateiNaZOSHH20 | on 8004926408 hLeFyrbsineANESHZE) | 0.167776

cultures visually with goo y hi ochem cal
SnCl2hprker that is used to tra&é%ﬁ@'@%a{‘a@ﬂlﬁe ES cells as 0.354368
cdciundi fferentiated is the prg2¢nsEE-05 the transcription

factor Cct4, which has conme to be regfarded as the nost

CrCl3rel i abl e narker of undiffePddi7Gi-060 YLEANMENS ES
ells, and which is one of b ot rs.J ost as
AgN ndifferentiated cells begls‘trﬁ)la?%j%pﬁf eAgg(% :E:aat €. BRI EF 0.375

AIC3YEMARY OF THE | NVENTI ON [ QG8B3E-Obe Bigtient inventi dri2112E-05
is summarized as a method for culturing. hu

Ba (CI%%‘%Q?BM c stemcel I's wit hod®9Zh&-Reefhpbne ?@&a@ cel | §0502544
000128§H§6”d' tioned nmedium thesmbvdsi n‘ﬂ-égl;c{?%n ?ﬂﬁgﬁkﬁﬂe 0.0036064

culturing the human enbryonic stemc
GeO2nmedi um i ncl udi ng salts, vi283B87MB-05aninbc adids, 0.004704

gl ucose, a fibroblast gro £, .ga ami no
KBr putyric acid, pipecholic ‘Q‘g[bgﬁ&?éﬁﬁ, ity 0.05488

K1 transformng growth factor shebage-ab! Nisigdshigeci ent 0.012936
anount to maintain the stemcells in an

NaF undifferentiated state thr O0§ASEANLP; Byadetine hydrochloride 0.0076048
passages. [0009] The present invention is also
directed to an in vitro cell el ture of human
enbryonic stemcells cultured in a nmedi umincl udi ng
high levels of a fibroblast growh factor, gama am no
butyric acid, pipecholic acid, |ithium and

o s o o e . T T " .



human ES cells, in order to avoid the issues of
variation in serumconstituents and to use nedi a that
wae@eaxidef i ned as possi ble. We have defi ned aPCT/US2005/031838
sufficient medium and all of the conponents of the
medi um t aught here are disclosed in Table 1 set forth
RbCl bel ow, which lists all theé.QEipBrSntRiboflavdar nmedi um 0.0004704

ze0CI GH Tueni o The TesR ol B DS R o grochioride 002460217

DVEM DF12 base, supplenmented w th hupgdmigggsiem al bum 0,000392
vitam ns, antioxidants, trace mnerals, specific
GROWTRFASCTRRS cl oned grow h factors. [00019] To avoid

the need for a fibrobl ast er |la i
GABA( hought to be necessary to(;fgjnt ai n%ﬁwﬁgi ST;EFIS
Pipechdlic M6Hi fferenti ated state,0.000988 reppiGlecbsbere that  13.72784
t he conbi nati on of the use of higher_ concentrations of

bFGF FGF (10 to 1000 ng/m) toge¥®ePowi t Sadien Fyavate capa 0392
LiCl (gamma am nobutyric acid),qggecholic acid (PA),
[ithium (Lid) and transformng growmh factor beta
TGE bétd®Fb), will enable a nedi2iB36E-08 Sup@ROTEINS
undi fferentiated stemcell growh. The conbipation of
these additives has been found to b %‘B?‘PE‘%PEW to 00034438
Lpmdgei ntain the culture of human ES celjgmhfH3b-Transferrin =~ 0.14
undi fferentiated state indefinitely w thout exposure
LinoleiccA@dt her feeder cells or @GO0IO76 onedumen SerumrAlgemin 199.7

. . additives are denonstrably f.Lckent. However, all of
Llpom%?é‘?‘n may not be necessary qng’é)%g)}y medi um

Arachifi@kigWcdd i on. By sel ective gledetipon oOTHERSEOMIUDNENTS,
one or nore of these conponents can be del eted

Cholestasglul ti ng i n human ES cel 10.8L1X788 es Ghuathigpe (redyged) 0.00592996
row at a.lo of purity o iffer ' tus i
DL—al@ﬁgo%ogﬁm?{?}—ggég‘rguch cul tur eés'o%%% or rrlgglgdﬁ%{ﬁ &]géersrkai@n 9.01176
Linoleficatdi@ over many passages.(.bomesder, Plhenbbredl ear that 0.0159936

the combination is sufficient to enable a vari

. the ty o
Myristigalifid that will support the0P%R§ ter?h‘tﬁfﬁ?ma'rzgcind 0.000394352
Oleic R 1 feration of undiffer eghyfiged hu’i‘%ﬂm’é&ece' s 0001176

thr ages

ough an indefinite nunber of pass W t hout
Palmitbleadacidcel | s or condi ti one@d00EH2um 2-0G0&Piocthanol 0.1
.initial subjective screens hese indi.vi dual growt
Steamf/g ors, chosen because of0°8{)17963r ecep%%?’%‘u@xpr essed 6)3)00177304
human ES cells, identified several fpgri@iisFas havi ng 0.238
positive effects on undifferentiated proliferation. O

these, bFGF, LiC, g-aminobutyric aclae¢iGBA), 0.3358
pi pecholic acid, and TGFb were ultinmately included in
TeSRI . For each of the four cell lines tested, the

proliferation rate and the percentage of cells
mai nt ai ni ng expression of characteristic human ES cel
mar kers were higher in TeSR than in control cells
cultured in fibroblast-conditioned medium and renoval
of any one of these five factors decreased culture
performance. Sone of these data are illustrated in
Fig. 1, which shows that cultures grown in nmedia with
any one of these constituents omtted exhibited a

| esser percentage of cells which renmained

undi fferentiated as conpared to cultures with all four
of these nedi um constituents included. Note that

Oct 4, SSEA-1, SSEA-4, Tral-60 and Tral -80 are all cel
surface markers or transcription factors (Cct4) which
are used to track the differentiation status of stem
cells. Fig 4 illustrates simlar trials in which it
was denonstrated that over nultiple passages the
gromh rate of the cultures was the highest when al
these constituents together wepe in the culture

medi um [00021] It is also helpful to include in the
culture conditions for the human ES cells a biol ogica
matrix in the culture vessel. One such material that
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suggested that undifferentiated human ES cel
proliferation was optimal at a pH of 7.2, an
wo@2ewohzd1pty of 350 nOsMol, and an at nospher e 0PCT/US2005/031838
10902/ 5%2. These conditions were used for al
subsequent cul tures described here. [00027] Cells of
human ES |ines H, HCLAM OGRGLAIMScel | s have al |
roliferated robustly in TeSRI for 11, 7, 25, and 17
tges respectively (2-6 nonths). The karyotypes
were confirmed normal for cell line H14 after 7
passages, and HO after 8 and 2 1 passages. Teratona )
flor matA methedsocanfuringbumposter cellndh #owadifferentiated patezm a matrix

B3 330 SR e SR e Pl en o
RLBSENE G e DR YR el i h eledfun@ fcthded salt8datalind) divsacids,

Because the human matri x conponents col | agi%%, o
glucosd, ialffbooldestignywibalacter, samme aping buese apidePipAThodic @gid; ligium and

oo A BBy L P R B OB 15 .

undiffegdntizidaatae trowdh @yitipld sigedssinmoulkDe padshgdsi nes duri ng

culture in this nmedium W confirmed the presence of

Neu5Gc on human ES cells cultured in fibrobl ast

ndi ty j ; ¢Sy

Zrount BATALTFEr Yl £ SHEFIE e o R U PO SE kUit fuctor
in a conezntratiorodf atétscd0 agmlNeu5Gec on ES cells cultured in

TeSR using the four human matri x conponents. These

data are illustrated in Fig. 2. Thus human ES cells

aul t urgg QBmIE SR1aAN Y wfdredn tHRhddfurf falddWdBbrigést Risfesrisl end insulin,

not exhibit the non-human sialic acid residues found

in cells cultured on nurine feeder cells. [00029] To

test the conditions of .t he ES,cell (e

it i gigs of Ry fivliln i Hifign ofeh S8R ABrybHS stem calls.

mai nt enance of human ES cell cultures, the TeSR

medi um was conpared to the best prior nmedium ) )

condi tingrmethid ehcylRrisgheman sabryogiq siem gells g a matrix and in a

. caondi ti on ' ] S f t [
e R3S, g e Y et 388 B vmen
compriigndidireeto ehd mediach @i ah@unt bAgarme rn@@Ybuwfric had qepécbolic acid,
continued to test_positive for ven after

Cct 4 | on .
lthiurg @ EBATEES ErPNgh FHOKY bt TpAn pROUnG WERCIEHES pagiein dieells in an
undiffér@ntialegd &Bﬁmoﬁrgh ﬁiu%}glgﬁuczéﬁsﬁfercﬁﬂﬁl%ﬁﬁﬁktaéeé. he first

I nStance known~i n I ch any feeder free and

condi tioned nediumfree medi um has mai ntai ned a | evel
oé( undifferentiated growh of.humaF ES cells to the
ekt ent ARHAY, GO SPIPHEE M P WO RE Cul tur e
remai Ny upsH fikgrend:i ated at all stages. [00030] The
grow h curve and FACS analysis of H cells cultured
for 3 poeyiayeswhich stasacellsedn grpWied8R nedi um and in

TeSR nmedi.um fragm whj ch .each th I ' . :

nad bebr g piegnt e ryEBERelil CtopBil L RySERRRR o scids
glucoss] Afibroblist Sakithl FREor, ghmind pirdeutyirid dodnpiigecholieddid, litiiem and

were plated on Day O of passage 1. Cell nunbers were .
transforening gewith &etarrbep insatlicion: pmaunts t;maméain fha hygppesigm cells in an

. j . t -

und1ff§rn$t¥altt a(F g’c)ﬁegp]?)rl]lgh g‘girl]téq:l? %ﬁlgﬁg B%géﬁ)%i trl]lg %??%?rlgg b\%\ggg‘re@ of Yeeder cells
and nevepeptigtbeenteapogpdisifdetler cellor 5 passages. Cells were

anal yzed on day 6 of passage 3 by FACS for cel

surface markers SSEAl 5 SSEA4, Tra 1-60 and Tra 1-81

and T op eﬁ:ﬁ%ui / Cc[e1i1|ﬂt=:dl Bc15iBEE Yhefeit the nlddiem d@dlddes $he fibroblast

presented graphically in Fig. 1. These data show t hat
growtln factor ik cortdnsratiemofnt least 4Amgihli n nedi a | acki ng each

of these conponents at the cost of sonme unwanted

differentiation of cells in the culture, and that the

hi ghest | evel of undifferentiated culture could only

be achi eved by using all of these conponents. Simlar

results were obtained wwth other cells lines as well.
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Vitam n B12 0.000392 GROMH FACTORS GABA 0. 979 ENERGY
SUBSTRATES Pi pecholic Acid 0.000984 D-d ucose 13.72784

W BB/ 02180E- 06 Sodi um Pyruvate 0.392 Lid 0. 97BCTGE52005/031838
beta 1 2. 35E-08 PROTEINS Human I nsulin 0.0034438
LI PI DS Human Hol o- Transferrin 0.14 Linoleic Acid
0. 0070976 Human Serum Al bum n 199.7 Lipoic Acid

100039984 Ar achi Aci d 1312 OTHER
ol e B G RRGSF G (P ORETE FEHEDa 10 BSED5aBroblas
growth il i84%chOGARRGH 8 2R pPnfnf2962 Hypoxanthine Na

01176 Linolenic Acid 0.007184 Phenol red 0.0159936
Nyrlstlc Acid O. 008758 Put resci ne- 2HC1 0. 000394352

T
proteinPSe16dHE Lo tﬁ%%ﬁecﬁ%@ﬂmﬁl oTRitantn 68slin2ad thneaiB0

0. 3358CLAI M AIMS | /W CLAIM 1. A nethod for
culturlng human stemcells in an undifferenti ated

ate Eﬁﬁ%?i £ or
3 hdi tAr lﬁc qﬁl}e%%lg(udmjhaqﬂha[lﬂ%ﬁ?gnrl s ng t eegmlel%])ﬁof
cul turing the hurran stemcells in a nmediumincluding
salts, vitanins, o acj ds, ucaQs a fibrabl ast .
Gowt i FabERRITS B dlREHin ABTB U0 JFHEC Aol frrin are
recomfd P?Prdté BQ' um and transforming growh factor beta, in
)

cilent ampunts to maintain the hunman stemcells in
an undi fferentiated state through nultiple successive

S SRR v R A kg B Sy Wi

stem cApncentration of at least 40 ng/m. 3. The nethod of
claim 1l wherein the nedium al so conprises transferrin
and insulin. 4. The nethod of claim1 wherein the

gé d’? Sﬁlrtrl]gg |%{f bfuinﬁlé %ﬁlﬁm% 2 ré)n? g%l% %@n@:ﬂs r?g uq%]ifférgnt?ated human stem

cells, aTBAtEik anad AGuithrean S Ein e icOltlrd dicd 9f Srdtiscellyi Iot arwilisy exposed to feeder
am no acids, and a fibroblast growh fac t he

- cells, thwmeéwmlm fré@ﬁ%méuﬁ@ fra@ldtqaghwrt%mﬁ’éd EWSWBWC stem
Y [
cells pg)%lé&?trﬁn aefgfr%%higéfgﬁtf m{dh&?d: And Qélgg tgglg%lér% @gmﬁ.ﬁtb‘}ﬁ fbt¥he Banscription
factor ©uf4f thfvughprdlongedi dultaten t he CeI s in an
undi fferentiated state through nultiple successive
cul ture passages. 6. An in vitro cell culture
cofTpri ﬁ'cﬂﬁﬁefbf ?\uﬁ’f&h teﬁibﬁo‘ﬁfcss?&h celldBdlaifiiedh 6RIth 93 wherein the cells
matri x on ich stemcells can grow, and a culture
do notrerhlibitrithe ihléc anid residneeaibGm conpri sing salts, vitamns,
am no acids, glucose, a fibroblast growh factor,
gamma am no butyric acid, pipecholic acid, lithiumand
t f@nSerrﬁ’éd‘i‘lﬂn%Mlﬁnﬁggkﬁf cell§ttBe fedfik Ed)rﬁpﬁsﬁhg SR vitasnins, amino
to maintain the human stem ceIIs in an
acids, ghidosef e fibrablast grpwsth factor; gaToma BIRY PYTHTieagity Ripecholic acid, lithium

es . .

and traﬁlé g}gag)‘ Wg-l %g t;n 612 gﬁéf? g]tetl{ %ﬁ Lg{ts {oggﬁflgelﬂ: %Eﬁlit‘:egg?ﬁown in the
medmﬁﬂhtahﬁﬁdﬂ’ﬁerﬁttmdﬂ%ﬂatb throl g ihufiplehueiterapdstgesedi um

i ncludes the fibroblast growh factor in a

concentration of at least 40 ng/m .8. A cell culture

agc cl aj ' ' [ h :

P obi R o at P Mo e MR HIMNSHSE rdeins elected

from the gstup LOMkistingndf.althmia, inedlin andlttansfertas cl ai med in claim

6 wherein the medium further conprises proteins

selected fromthe group consisting of albumn, insulin

and transferrin. 10. A cell culture as clained in

claim6 wherein the proteins are human. 11. A cell

culture as clainmed in claim10 wherein the insulin and

transferrin are reconbi nant proteins. 12. A cell

culture as clainmed in claimé6iderein the stemcells

are human enbryonic stemcells. 13. A culture of hunan

enbryonic stemcells conprising undifferentiated hunman

stem cells, a matrlx and a culture rredl um the culture

o Y L__ Y Y 1




