CULTURI NG HUMAN EMBRYONI C STEM CELLS CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains priority fromU. S. provisional
pat ent appbizea@tazersSer. No. 60/ 695,100 filed June 29, 200%/umpesossay U. S.
provi si onal patent application Ser. No. 60/608,040 filed Septenber 8, 2004.
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [0002] Sorme
of the work descri beGULTURING SREIAN BRIBROYONES SIlppHABIdE by grants from
the US Governnent and sone was not. None of the work described in this
specification on the process of deriving new human enbryonic stem cell
lines was supported dyo38RIfBGINARRRY REF ATHIRPPEICRYRORRENt . TO t hat
extent, this invention was nade wth United States governnment support
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enbryos whi ch are capable of differentiation into nmost, if not all, of the
differentiated cell types of a mature body. Stemcells are referred to as
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[0003] Stem cells are defined as cells that are capable of differentiation into many other

differentiated cell types. Embryonic stem cells are stem cells from embryos which are capable of
differentiation into most, if not all, of the differentiated cell types of a mature body. Stem cells
are referred to as pluripotent, which describes this capability of differentiating into many cell
types. A category of pluripotent stem cell of high interest to the research community is the
human embryonic stem cell, abbreviated here as human ES cell, which is an embryonic stem cell
derived from a human embryonic source. Human embryonic stem cells are of great scientific
interest because they are capable of indefinite proliferation in culture and are thus capable, at
least in principle, of supplying cells and tissues for replacement of failing or defective human
tissue. The existence in culture of human embryonic stem cells offers the potential of unlimited
amounts of human cells and tissues for use in a variety of therapeutic protocols and research
programs to assist in human health. It is envisioned in the future human embryonic stem cells
will be proliferated and directed to differentiate into specific lineages so as to develop
differentiated cells or tissues which can be transplanted into human bodies for therapeutic
purposes.

[0004] The basic techniques to create and culture human embryonic stem cells have been
described. The previously reported techniques do work, but there are limitations and drawbacks

to many of the procedures currently used to culture human embryonic stem cells. One limitation
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cell s have been descri bed. The previously reported techni ques do work, but
t her e ar ewbizmdst@pioens and dr awbacks to many of the procedunsgosusrsant |y
used to culture human enbryonic stemcells. One limtationis of particular
concern. Most existing human enbryonic stemcell |ines have been, to one
degr eeisof pannmu]aeconcemp ddest edisting hipan embwm st@h lcell Gnestlpva baey itaiond degrde ch
nouse ceI have bee Itured Vi ous The f tl}tha hyman ES

Col |5 Srnthisn Sppivy duerty i aefefitorateaghdaniin e ETRre BE: aue
Neu5 ey el Bud 9t THQ ECRiHaY soméBurlidn BYRBIL f6thlekistih@ 66l Mesh Wats foudiditent i on

in the press. The original techniques for the generation and culture of
human @dmblythen smllstrmdlméNUéGCeWblqhe@Inomrmg]éy ofaderbyi h@ménﬁelis@mcewﬁd Brushl ast

( MEF) eder .c S as feed emcells
coul d %ﬁe gﬁ’illuh é’resﬁ‘hgﬁ? PY#'B1 tec ?‘E&g%rrt 8% s agﬂ%ﬂ d ro ﬁIs%hrr\:,\ as yet

I ncOWpérﬁb@bmctsmi%aIsqeququ@ﬁse&rﬂmmee bmhhstS(TMlﬁF)CiéédeS ctlts asemai n i n
an undi fferent iated state. Later, it was di scovered thatéj he sane

phgnon@ﬁ@r aysulon vachylayman ebrypnicisiens eelly corld be qRitprede dhs fbuoblest teedptisalisoned
Wb e 34GaRPbEh RS Tl o] Bt o eohttn S Sk ifibce Y bt S1TRST 1T OF

the feedesin edd wdiffgrantizel sater Lhwetibwad mstdveradﬁﬂatuhe sme pitunvmdnmmld bet or
fromthe nmedium but the result js tha d|t di u be usdto
cul tur%p%é‘%"éﬁﬂlfg@f’* ptemygells 3isre ???Hoﬁ%dr on Py 1F1 IE? 1Frer ‘E‘gf g] n&%ﬂ‘gpﬂ% 1nghe
di r ect groMh 5 &H%ﬁuﬁ%n il Wiich ?&q&rceﬂglﬁéh a@MEljgehé@l%eﬁ‘bréi)%iﬁl}I i oned

medi a, rai ses the concern at one or nore agents such as a virus could
trans nbd:enfqu&tmeldh Eithethe f@dblt cells ampagedaomenfagisr tocthe mediym onrempived heme

object'v nan e el |l ..cult IS tq cre | SS whi ch
can uI énffdrl nwg?ﬁ @ﬁlﬁ ’ﬁt Q[ %}ﬁﬁﬂe‘ﬁ%ﬁ‘?}mﬁ c[an%g (g{‘?l 03'71& Sllfl?ngb

t hat tE@s&vﬂmu@ giffePerfiades. PRNG cOR&R c@mﬁaﬁdhé giréctgtSwibforanMah®S Ghagies or
to nedia which have been used to culture cells of _another speci es.

Accor dfesdéncelldetrithg vsg of c@mltlme@ reeialiraisemihe gpncem thiat onoyaymere agends such as a

lif d
F1 or obf 20t R Rkl ogft GE FESHAM G (O, R BB R of oprron:

of t echiinit!esibfydhictsien bﬂﬂ&ﬂhﬁésﬁb@@lbﬁewfe&ls@ies e aanidtimatelychesti plaaiet $nto
[ 0005] Several mediumformulations will permt human ES cells ‘%F&?ﬁ?rral n
undi f f @ humen Redy ifis highbndesirabls thal the fttﬁatcegﬁ BEVST Bavedicen sxpased fp ain

el e g i 08 Bl DarspaEaspiaelrom

vessel Assordinghg dsfiging s cituteaoaditionsthich weil abrnmie theypmoliforatioh and owléure bt
human embryonic stem cells without a fibroblast feeder layer, is of great interest in the continued
development of techniques for the long term culture of human embryonic stem cells.
[0005] Several medium formulations will permit human ES cells to remain
undifferentiated for some time, but that state often fails to maintain itself. In particular, we
define the growth of human ES cells from an initial seed culture in a culture vessel to confluence
in the same culture vessel as a “passage.” We have found several medium formulations that
permit the cultivation of human ES cells for one or two passages without severe differentiation,
but then the cells differentiate rapidly upon subsequent passages. We have come to believe that
in order for a medium to truly support the indefinite proliferation of human ES cells without
differentiation, without conditioned medium or fibroblast feeder cells, the medium must be
demonstrated to support culture of human ES cells in a substantially uniform and undifferentiated
state for at least five passages. It is also important that the cultures remain relatively

homogenous and undifferentiated throughout the culture period and retain all of the important

characteristics of human ES cells.
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conditions. Some culture conditiohs which support the expansion and growth of existing stem

cells lines have not proven sufficient for use in the derivation of new human ES cell lines. It

appears that the capacity to support the initiation of new lines of stem cells is a capacity that not

all stem cell culture conditions will feature.

BRIEF SUMMARY OF THE INVENTION
[0009] The present invention is summarized as a method for culturing human embryonic
stem cells without the need for feeder cells or conditioned medium, the method including the step
of culturing the human embryonic stem cells in a medium including salts, vitamins, amino acids,
glucose, a fibroblast growth factor, gamma amino butyric acid, pipecholic acid, a lithium salt and
lipids, all in sufficient amount to maintain the stem cells in an undifferentiated state through
multiple culture passages.
[00010] The present invention is also directed to an in vitro cell culture of human

embryonic stem cells cultured in a medium including high levels of a fibroblast growth factor,
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[00015] Fig. 1 is a graphical illustration of some of the data from the examples below.

[00016] Fig. 2 is an additional graphical illustration of data from the examples below.

DETAILED DESCRIPTION OF THE INVENTION
[00017] We have identified multiple culture conditions and media which permit the
indefinite culture and proliferation of human embryonic stem cells in an undifferentiated state
and also in the complete absence of both feeder cells and conditioned medium. The culture
conditions and media described here are entirely free of animal products and all proteins are of
human origin. The development of these media and culture conditions make possible the
derivation and maintenance of human ES cell lines in defined and controlled conditions without
direct or indirect exposure to animal cells of any kind, and also makes possible the derivation of
new lines of human ES cells which have never been exposed to animal cells or medium in which
animal cells were cultured. The medium is free of animal products or proteins. This medium has
been demonstrated to support undifferentiated ES cell proliferation through at least twenty-five
passages, which is firm evidence that it will support such cultures indefinitely. The preferred
medium has also now proven sufficient to support the derivation of new lines of human ES cells,

and these new lines have passed through more than ten passages in culture.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00017] W have identified nultiple
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factors which have been found to be advantageous to add to the culture medium are GABA,

pipecholic acid, lithium chloride, and transforming growth factor beta (TGF(), although the
TGFf may not be needed with increasing levels of FGF added to the medium.

[00020] To avoid the need for a fibroblast feeder layer, previously thought to be necessary
to maintain human ES cells in an undifferentiated state, it is reported here that the combination of
the use of higher concentrations of FGF (10 to 1000 ng/ml) together with the use of gamma-
aminobutyric acid (GABA), pipecholic acid, lithium chloride and TGF-beta, will enable a
medium to support undifferentiated stem cell growth. The combination of these additives has
been found to be sufficient to maintain the culture of human ES cells in an undifferentiated state
indefinitely without exposure to either feeder cells or conditioned media. These additives are
demonstrably sufficient. However, all of them may not be necessary for every medium
formulation. By selective deletion of these additives, it may be empirically determined if one or
more of them are not required to achieve this result for a given medium. However, it is clear that
the combination is sufficient to enable a variety of media that will support the long term culture

and proliferation of undifferentiated human ES cells without feeder cells or conditioned medium.
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completely for the Matrigel. This matrix is composed of four human proteins: collagen isolated
from human placenta, fibronectin isolated from human plasma, vitronectin isolated from human
plasma and laminin isolated from human placenta. The combination of these four proteins is
sufficient, but the use of all four may not be necessary to support the growth and culture of
human ES cells. The use of such a matrix without one of vitronectin, fibronectin or laminin, but
including the other three proteins, does support the culture of ES cells, with some loss in purity in
the state of differentiation of the ES cells culture. The method of making the matrix for ES cell
growth is described in the examples below.

[00024] Arriving at the above listed medium additives followed the methodical testing of
over 80 individual growth factors. While some of the additives seemed, at least for a few
passages, to support in the growth of human ES cells in culture, many failed in subsequent
passages to maintain the ES cells in an undifferentiated state. We were able to identify
combinations of these other factors which gave the results of the media additives described in the

examples below.



[ 00022] The fibroblast growh factor in higher concentrations (40 to 100
ng/ M) seens to obviated the need for feeder cells. The preferred FG- is
basi ¢ FGAyoabsm2emBerred to as bFG- and FGF2, but ot her PEGRS20030B18d9 ng at

| east FGF4, FGF9, FGF17 and FGF18 will suffice for this purpose as well.

O her FGFs may al so work, even if at higher concentrations. [00023] It is
al so heopts]l to Thcdbsesration tHaehwmbhi eBryoaicdidn (FS) detircuttives havepretiSusgl | s a
biological nmatrix.in the culture vessel._ One such naterial t s been
used S?e@oi%%%f@ e &n %qugéqen‘(l‘itﬁ‘? §tawﬂn§hwpgn QH“%?‘{]WHEQP’?FGIES?g %Fﬂ%?% nbr ane
of  MOUREALLH5 O inGbllaiifhldHediint iR BYpBcichAHIRE fiplobRiRAUEhsclif BN o "
nouse cells. wever, the use of I\/B.tl’lgg I ntroduces into the culture a
mat er i imkedintn < factos whidhhacpotorihhibid dififeremtiatiod ofithiedES ¢alls! THe datamresentst bofowhur i ne

origin, Here jt is_also descriped how to create hi ol ogi. cal tsi % ,0f
unan drmtsres (el iB e e e Bovsia haegtract Re arRrary bR « 1 s
conposRdd&iceliOH thh BB i BlbWSoled Thd: AXSRAis Abki88d hEl6w WillngaBstRhREe thas
fibronectin isolated from human plasma, vitronectin isolated from human

pl asmecffeett Thevingilinn destrbaschbelow in dafinad, qontainsmoanimplecelsasdpgrmnidhthglonghese

four proteins is sukfici.ent U e use._o . I ry
to- supsreelie GritieaRh mpth ESRIN A bralblds pitbed of Pl GpHER

mat ri xheipkdteit irMe nfdivth bfedlBlRirhah, t6 hdveaiTeriranized” madiuni ad mutkixitaabeidi ng
the other three proteins, does support the culture of ES cells, with sone

| oss | #pRASPible Goncerp®akquh seb-eelludariredusts ofaniag] o8- he ES cells cul ture. The
nmet hod ki ng I : . i i i : anpl es
bl ow 12038E4 " AR T belolF e BB Pt e Lo G e
met hodéelBlusingsthis mgeddfm 0 TaeseGihes nflhwhah BS celisdvavh thmatewersheebkpased bnfeeddr t he
additives seenmed, .at |east, for a, few passages,.to_support in the growh of
human @Sc%‘?nglqnﬁd Blﬂdflﬁ‘i"é‘,lmﬁ%h{yoq%tq Q?&nfrﬂgl%‘btg’é’&ugﬁ?ggﬁ?&%g'sbeteﬂr%ﬁ?’ﬁ ain
the .Esth%ﬂgliérﬁ AEI RS SR it Ehid IR nNMEGYRNhS idRbEndtRelydBitid fnhuman
conmbi nations of these other factors which gave the results of the nedia
addi t | vells vdesloar it edlture ot inghe kadyp| Sincohtlle priof BOD2EES Tines adguaed thei NMenSGsat

human enbryonic stem (ES) cell cultures have prewu ously.b intaiped in
an undf‘f’?’e%l”i?ffq %Pt“gglo & udgl?ﬁ PURAE FOERY e einﬁwﬁwgwﬁlrﬁéss (é‘?e;lggneg?f e?% r gbl ast
f eeder n&@Wifl vRlandl BreCRiek]Y @B BENBRSIGEIM has | ed to specul ation that the
fibroblasts release into the nediuma factor which acts to inhibit
differentiation of the ES cells. The data presented bel ow denonstrates that
this not the case. However, whatever effect that is nediated by the

fibrobl ast




feeder cells to the medium it is now clear that the nmedia described bel ow
W |l substitute for that effect. The nedi um descri bed bel ow i s defined,

cont ai ns Wo 2a0w/arai9scel | s, and permts the | ong term cul PaTASEd05/031839

undi fferentiated human ES cells. An exanple is presented of a nmediumin
which the proteins in the nediumare all human, to have a "humani zed"

medi unj08027]at ri EXAMBUBSd any possible concerns about sub-cellular

pr oduc ani ng or| 0 Al so descri bed bel ow is the der] vtlon
of ne q%f)g&s of RUFESPS H’I?P'j?cﬂ%% g@tlé‘?ﬁd&‘gp’l‘ghlﬁ Wﬁéuf%flg \f%a‘iﬂws 4¢564ked | nes
of hunpge Eﬁegfbéhénme/ﬁdica&a REUSHrR HE T R BRRA.t Ouf SiRHRINAP b orintRdi ti oned
medi um ani mal products or animal proteins. It has previously been reported
t hat pmggcsthduﬂmt]uﬁﬁffbrenaaeéhmnm ESaeB pailiferation was$ opﬁm@h\ﬂéa@@:?f Tham i s not

nativel ells et her i n the Since the
i or v R BB lah frd i HEREReE 1 PR s et ARGk B ng
nur i nefdz QNREPLALSEt chft@red B¥scHbE@RerES cel | |ines described here vm |l be and
are entirely free of Neu5CGc. [000271_ EXAMPLES [ 00028] The constituents of

TeSR 982 whivehilemmedivadvitbpll af theehprasaustigents i yiéfciprtaad inpistsred,
th T |
expor | IETILSIGE SuBbonghRaBEherkeh o B Rk arth Bt ocbbtharPES b Mkoknain

opt i mabn e andiit 6f diffeZentiated @eINDd1R ik ky1liak 1S fleratesddahe tha mdm@ﬁneittsrmﬁthher e of

10902/ 5%2. These conditions were used for al] subseque cul tures
descr | BEdIURRF by utied in gunediiny nagifu{aslyif the mediumg s ?114¥ “é 6 2 (BN PEISEEBNL S

I's suffy %k@;&? @gfl}h g@gﬁ@%ﬁ{@g@t b%@ﬁutﬁ%dr hl%ggﬁg o€ %%Itﬁreﬁroﬁ VARGRIS RIhE for

t he succes pen |ng on t anount
differ dmveanaﬂumewtlsdnﬁfaﬁng sompdrentsgprhitted.oTeodmeadred dimmsarvbcatle rvmﬂplatesl anfl t he

medi um can tte in a.medium tlc arly if th umls onIy used
o e B Za o ths B SRR et Hot fetme O IR IS Rt BaT Lo
ES cel Lgay&f r %ﬁeg&&ﬂoﬁﬁe UakscAPicn fiktol @%t@faqy&)gﬂﬁea ﬁmrmfo&r ufditfermtingd

conponents omtted. Two hundred thousand cells were plated and grown for 7

days opelishdhexjata fromhatlexperttient is presamédd as argrapht indd g.nie iithereTthe nyeibess ofiéicd

t hen assay ed fo ssion of the.transcription factaor cogni zed
v Ker SSTOGHHS (e PR e sRRe e ghect e P Rheb i R 2 skl b 8

pr esenEﬂe@er?&l RediidPTeSR . A@e that TUFS Rethb 6 el ¢dast cedBity’copniohesisatlgastl | s
in each experinental nmediumare presented as a_fraction of that fromthe

pr ef er thedorpssareed highstgvels afdiGEF for shorrigrnsuliwendNofealpe thahethpreanstityentessar y
conponghfineo 116(31?11? fn infreased percentages of undifferentiated cells, but the differences are

quantitative, and the medium does work, at least to some degree for limited cell passages,

without those components.
[00030] The medium has also been used to culture human ES cells using a new matrix

material of human origin. The new matrix is composed of the following four proteins:

[00031] 1. Collagen (isolated from human placenta) at a final concentration of 10
14/100pl/cm?.

[00032] 2. Fibronectin (isolated from human plasma) at a final concentration of 5
$g/100p/cm?, ‘

[00033] 3. Vitronectin (isoiated from human plasma) at a final concentration of 0.2
pg/100pl/cm?.

[00034] 4. Laminin (isolated from human placenta) at a final concentration of 5
1g/100pl/om?,

[00035] To assemble this matrix, the collagen is denatured with 6M GuHCI (guanidine

HCQY)), filtered through a .45 micron filter and frozen in aliquots. Upon thaw, denatured collagen
was diluted into a Ca and Mg free PBS to achieve the appropriate final concentration and plated.
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t he presence of high levels of FGF for short termculture. Note al so that
ot her constituents omtted do result in increased percentages of

undi f f er emDI2at6et9™8l | s, but the differences are quantit @CITus200&08188he

medi um does work, at |least to sone degree for limted cell passages,

Wi t hout those conponents. [00030] The nedi um has al so been used to culture
human B esitddplutes ngrealewdna incubateat woireiempbranuradior mor legi than Theurteforent ri x

is conposed of the follow n f our t 0Q031 Lla ol at ed

f rom hitgaAdisionaldngtsy cqmpgnen Yprebited n]?‘?lgi’(‘ﬁ'%g ?1111‘%5‘11 11?;“1“%06‘6% g&‘ﬁﬁgniﬁooow]

2. Fi I f f 5

) 100 rAEnhok RS PR AT iBUTRn pha § Ao ??fgn%ﬂ'“ﬁé#aﬁw&%aﬂ MR | o
3]

concenPBato achiefe tﬁe apprgpﬂﬂé) fihalooRcent@ioB 4id glatedaMibricnated platestveste allewedioman

pl acenta), at a fi tra I 0 Oom/c 003 To assenbl e
Phismacivate afinamm mpSgBRE Ry A dr oo RS R AN B
filtermdoséy oughtaingdhe At Erfaﬂnf inbfefifl, Alghah ESZRIs bﬂpx@woqslytes}su fifles 1R/
denatured col l agen was diluted into a Ca and My free PBS to achi eve the

appr Opbmtogltﬂmdetbr e oionm of 1 bpassaggs pihile semainimgawdifiegepiatadamdnselferptingne d

L TR o ¢ SOOI R m B4 Ve

I ncubagsh ﬂfé,mﬁtﬁdlxi'dr@ftﬁ'hluﬂa&dmth @ﬁﬂmiﬁefﬁ@rﬁﬂanbm@ Redfiéd, Thé datofiemntthat and
Laminin) were diluted into a My .free PBS to achi v%{i{;e apjroropr ate
f| nal exnesiawnt Haresenieddn EI&@eéfhehﬁ@r ébfé%lééorpﬂa%h @@Wétaip QP keBTEseRt

r OOB?O?%%%%&?& t%a?mz & ﬁ@l?aﬁleﬁsfs > ibiABcti 'ﬂp%tr@f‘etﬁlﬁjeanﬁ ‘Lnﬁﬁnﬁﬁ CRU{ShNRTTY,

plated W nmatrix nmateria man ES ¢ s of previously
exi stiayl ande@F]bmHmms dowvdrki metl ahdtmaanuam*iESmasﬂsoﬁ af OngiZfesmteted whatd, but

remai ni ng, undi fferenti ated ,and ferat To. test..the strict
necessi’“‘te)ﬁ“’le]Iy I{Oﬁémé%ﬁﬁﬁﬂ’i‘gﬂ‘flge&cpe’i 3 Wrﬂﬂwgb‘%f t{’rﬁg ]m?ltﬁl?‘lcﬁflﬁthgﬁg on the
mat ri Xjgipag f or My AlRE WS 9136 p%veﬁ@%&ab@@@ﬂ%%ﬁ?&’nﬁ qmlhﬁﬁqon PR Bhas & om
t hat experl ment is presented in Fi initials for each

Ex FEL | emtua bmbryedid stem celdp rTsltealmVaﬂtml Pootss ufmanwnhmdﬂ@anh@ mdxfﬁ(:@t tast fogen,
I bronect | V- Vit ct L
menbr aHESYHY W%@F Irbogﬁ'l? | npﬂﬁlg%ﬁkgﬁfi@gﬁﬁlﬁmﬁmgﬁ RESETS ; tgrcéer%1 ethW ﬁH%tog e,

but human embryonic stem cells which have not been exposed to animal proteins or matices, and

never been exposed to feeder cells or medium in which feeder cells were cultured. This is
believed to be a novel achievement.

[00039] This work was undertaken only after obtaining institutional review board approval
and informed consent from the donors. Frozen human embryos which were created for human in
vitro fertilization protocols, but were in excess of clinical needs, were donated. The embryos
were thawed and cultured to the blastocyst stage using a commercially available sequential
embryo culture system (Vitrolife- GIII series). After removal of the zona pellucida, the inner cell
mass (ICM) of the human blastocysts were isolated either by immunosurgery (Solter and
Knowles, 1975, Proc. Natl. Acad. Sci. USA, 72:5099-5102) or as cultured whole mounts (Evans
and Kaufman, 1981, Nature, 292154-156) and plated in 4-well culture plates onto the defined
medium TeSR1 with the defined humanized matrix as described above (CVFL). Following an
initial 48 hours of culture, the TeSR1 culture medium was replaced on a daily basis. After 14 to
21 days, clumps of cells were mechanically isolated and replated onto fresh CVFL plates.
Mechanical isolation was continued for the subsequent 2 to 3 passages after which the colonies
were passaged using the enzyme dispase. The new colonies were confirmed to be new lines of

human embryonic stem cells.



are sinply not quite as conducive to cell culture gromh as the CVFL matri x
condi tion. [00038] This nedium has al so proven capabl e of supporting the

i nitiati omoaboamew9Bi nes of hunman enbryonic stem cells. PhE/u$eenswatsson
process for new lines can be a difficult test for mediumfornul ations, but
the use of the defined medi um nakes it possible to create new |ines of
human [@0d49joni ¢ BhmmTeSRI snadhim on hizy/founbtimbhe entréxgaoseohents identified apswal aiens

or matices, .and never_ been_exposed o feeder cells or dium i n,which
f eederh%’éld!egl" W@WP@F@Hngﬁggnﬁe o B %\?@Bedttga%‘%?_yétsn;)%&f_ EW@W@n‘%‘?ﬂ" _
[ 000391, IH B v hgs_mwe REG etk shtRbYs1 Rt gﬁgggkﬁle%&ghg MsdughttuboRabe r evi ew

board approval and inforned consent from onors. Frozen human enbryos
whi ch pessaging. eBielindsare $iahtaand moyiholagidadlytsithilardo pravignsstene odiklingsuFAGS e i n

i nj d ted, T t hawed and
cur t ur el ot Fpeh 66 WeskRE p R ot e AR 1R S FabRrf Er B8 hent i a
enbr y omgillettRrayets@eof MihaOES telts. Bhlbrisia bediss dddedrfrdng e¥@telPlindshe zona

pellucida, the inner cell mass (ICM of the human bl astocysts were isol ated
ei t herexpyess efeal\thresgetra laygriel anchbathes!l linesyHrmed tsgatomas whemadestedsci |

i
USA, 72:5Q99<5102) . t : - 1?,% :
Nat ur e{ntcﬁg‘gﬁ%%-e ]ﬁgé? 1%a.n§§t81f£{né)§{h§gn %ﬁ’l ‘H}(%%{lzlr“ é E’%’?a egqgﬂ'%g{t%e I neéd
medi umntehRothitr ias kisotpidang dotmaln Klinetb1teBS yrdtoms iterafitlenostvonendCVFL) .
Followng an initial 48 hours of culture, the TeSR cul %ure medi um was

r epl acBemehcomareye phnormalitigs; gregestngdhat this ggyarmalify ma¥ hgye Resp pesgplia the
mechan; | - t imiBhth £t s BaNL ke

i sol at %%ﬁll}JV\oégs'e@‘g%cﬁ %ﬁgaélgﬁf%lﬁ&#hg&%gggégq elfrllltE ?)g&te %V pgssa eg sg%fer v:ﬁll%%:% t he
col oni es were passaged using the enzyne di spase. The new col oni es were
confirnmed to be new |ines of human enbryonic stemcells.[00040] Using TeSR
medi um on the four human matri x conponents identified above, we have '

derived two new human ES cell lines from5 cultured blastocysts. As of this
witing, both human ES cell |ines have now been continuously in culture for
6 nmont hs t hrough successive passaging. The lines are stable and

nor phol ogically simlar to previous stemcell |ines. FACS anal ysis and

RT- PCR, and Western blotting denonstrated that these cells express a series
of markers characteristic of human ES cells. Enbryoid bodies derived from

these cell lines expressed markers of all three germlayers, and both cell
lines forned teratomas when injected into SCI D beige mce. After 4 nonths
in culture, one cell line was XXY (Klinefelter Syndrone)

-10-



and the other was karyotypically normal. Klinefelter Syndrone is one of the
nost comon human chronosone abnormalities, suggesting that this

abnor mal iwQ 20@y02b8e been present in the enbryo itself ratrhseooshars3an
artifact introduced by the process of initiating the stemcell

cul ture.[00041] TABLE 1 Conpl ete Fornulation for TeSR Medi um | NORGANI C
SALTS [gos4AM NO ARGBDE M Cabmiplete Edinailatitg foATEIRIY Megjur. 8232 L- Al ani ne

0.1392 HEPES 11. 76_L- Argi ni ne hydrochl aoride 0.5 i um chl ori
( Anhy dPNIRGANBEEALTS Aspar agi ne- H20 BIM392 mgﬁi‘iﬁiﬁﬁ%ﬁﬁ% te (MyS

0. 3190 A_lﬂ‘té*dfioug 1392 Pot a chl o i dgnfKC ) 3.26144 (1392

L- Q/stglglnléu-lﬁ%mghgéeo 784 )Sodl um bi cgr%gg%]ate (ENJaHCCB) 11.2112 L-Cystine
2HC OHEBEPES Sodi um chl oride (NaCl) 94156824 L- G-Axg!amncha@pdhlom@%o&%sum
phosphgt e, di basjc..(Anhydrous) 0.392 ut am 2. 96.So m phosp

nono. ﬁ@%‘;ﬁ%fi%&%ﬁ%‘ﬁc; yCi neoé3%6 L- Hi séfp@far% ﬁﬂ%ZBHZO 0. 1?%%%RACE
M NERAMRchedigalRUGlcTRIBRE6144 Ferri g Mbbgat e m& &@HZO) 0. 00003498

L- Leuci ne 0.353584 Ferric sulfate (FeSO4- 7H20) 01176 £I ne

hydr ocBbf@SSl@m ctllcmﬂmﬂiﬁl)ajprl c sul f at 8.264bB04- 5ﬂz@ystem@%§éi L- MetOH784i ne
0. 090944 Z| -7H20) 0. h jne 0. 16856
Ammoni ﬂﬁi g?@\l%@@% 0. 00005&9%}gol i ntjaE: gg%ifgg’%ngenous Sul(%ate Vvh

SO4 HZdeauﬁDcﬁﬁ&EidXNabi)Serl ne 0.296 Agupssun Milygtaimichcl404E- 05 0.1392
L- Threoni ne 0.352016 _MsO4 6H20 4. 94861E-06 L- Tryét ophan 0. 0346528 Sodi um
Meta SSPdligat rhosplety, dibasiatdubydond)261089%- Tyr osilne @IS O 0. 16777 9§nc312

5. 3254§E&1%§1f5h0¥6"14t9%1&1 354368 CdC12 6.2193 1E-05 CrC13 9.41176E-06 VI TAM NS

(NaH2PO4-H20) 0.355152 Glycine 0.296
L-Histidine-HC1-H20 0.1176

TRACE MINERALS L-Isoleucine 0.326144
Ferric Nitrate (Fe(NO3)3-9H20) 0.00009408 L-Leucine 0.353584
Ferric sulfate (FeSO4-7H20) : 0.001176 L-Lysine hydrochloride  0.391216
Cupric sulfate (CuSO4-5H20) 4.0768E-06 L-Methionine 0.090944
Zinc sulfate (ZnS04-7H20) 0.001176 L-Phenylalanine 0.16856
Ammonium Metavanadate NH4VO3 0.000056 L-Proline 0.2176
Mangenous Sulfate Mn SO4 H20 1.00592E-05 L-Serine 0.296
Ammonium Molybdate - . 1.00404E-05 L-Threonine 0.352016
NiSO4 6H20 4.94861E-06 L-Tryptophan 0.0346528
Sodium Meta Silicate Na2Si03 9H20 0.004926108 L-Tyrosine 2Na2H20  0.167776
SnCl12 5.32544E-06 L-Valine 0.354368
CdCl12 6.21931E-05
CrCI3 9.41176E-06 VITAMINS
AgNo3 ‘ 5.00293E-06 Ascorbic acid 0.375
AICI13 6H20 2.4855E-05 Biotin 1.12112E-05
Ba (C2H302)2 4.99217E-05 Choline chloride 0.0502544
CoCl2 6H20 5.0021E-05 D-Calcium pantothenate 0.0036064
GeO2 2.5337E-05 Folic acid 0.004704
KBr : 5.04202E-06 i-Inositol 0.05488
KI 5.12048E-06 Niacinamide 0.012936
NaF 0.000500119 Pyridoxine hydrochloride 0.0076048
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AgNo3 5. 00293E- 06 Ascorbic acid 0.375 ALCL3 6H20 2. 4855E-05 Biotin
1.12112E-05 Ba (C2H3M2) 2 4.99217E-05 Choline chloride 0.0502544 CoCl2 6H20
5. 0021E- OBoDe@al2eioam pant ot henat e 0. 0036064 GeQ2 2. 5337 EBcoaiskabsios1saci d
0.004704 KBr 5.04202E-06 i-lnositol 0.05488 KI 5.12048E-06 N aci nam de

0. 012936 NaF 0. 000500119 Pvri doxi ne hvdrochlorid e 0.0076048RbC

5. 0041&bBA5 Ri bofl avin 0.0004704 Zr OG130D43R059 . KiB8BAm 05 Thi am n6.0004704

hydroch) gride_0.02460217 Vitam n B12 0.000392 GROMH FA S GABA 0. 979

ey OGS BHRES b pechol | ¢ Ac d 0. GoESRAEES qrERme hadipshprde RA40AE. 06
Sodi um Pyruvate 0.392 LiC 0.979 TG- beta 1 2. A EI'NS Hargagzdnsul in
0. 0034438 LI PI DS Hunman Hol o-Transferrin 0. 14 Lﬁﬁg\nglﬁgﬁ cid O. 007669@76 Hunman
Ser um ARQOWTH FA€.TORS poi ¢ Aci d 0. 00039984 Arachi donic Acid 0.001312 OTHER

COVPON Chol esterol 0.0113798 Qd ut ione (r 6 DL-al pha
t ocoph Aacetate 0.02962 Hypoxant hi Na O. 0@%@%@8@%&@3‘ d 0.007184
Phenol piedhQliOASR936 Mristic Acid 0.00fiHg88 Putpesgidee- 2HCL 0. 000394782

O eic Acid 0.00708 Thymi dine 0.001176 Palnmitoleic Acid 0.007862
2- mer c®PGdet hanol 0.1 Stearic Acid 0.5080H86 Sel dwidinm Byooete77304 0.392

LiCl1 0.979
TGF beta 1 2.35E-08 PROTEINS
Human Insulin 0.0034438
LIPIDS Human Holo-Transferrin 0.14
Linoleic Acid 0.0070976  Human Serum Albumin 199.7
Lipoic Acid 0.00039984
Arachidonic Acid 0.001312 OTHER COMPONENTS
Cholesterol 0.0113798  Glutathione (reduced) 0.00592996
DIL-alpha tocopherol-acetate 0.02962 Hypoxanthine Na 0.01176
Linolenic Acid 0.007184 Phenol red 0.0159936
Myristic Acid 0.008758 Putrescine-2HC1 0.000394352
Oleic Acid 0.00708 Thymidine 0.001176
Palmitoleic Acid ‘ 0.007862 2-mercaptoethanol 0.1
Stearic Acid 0.00703 Selenium 0.000177304
Pluronic F-68 0.238

Tween 80 0.3358

-12-



Pluronic F-68 0.238 Tween 80 0.3358CLAIM OR CLAIMS I/WE CLAIM 1. A nethod
for initiating a new cultured |line of human enbryonic stemcells w thout

t he use oWofe@desisgel | s or conditioned nedium the net hedTasewsiosisag t he
step of plating cells froma blastocyst in a nediumincluding vitam ns,

am no acids, glucose, a fibroblast growh factor, ganma am no butyric acid,
pi pecholic acid, lithiumand |i @dsmvoraimwisent anmounts to originate and
mai nt ai ew proliferating stemcell line in an undifferentiated state.
2. Theygggdiﬁﬂé?clain1l wherein the medi umincludes the fibroblast growth
factor in a concentration of at least 40 ng/m . 3. The nethod of claim1
wherein the nedium al so conprises transferrin and insulin. 4. An in vitro
cel | cul turé. conprmsthnd forringiating b uew cukssé line bihmnae sibyoRicestah esllscel | s; a
culture.medium the culture nedium conprising salts, vitamns, am no acids,
gl ucos@’,ltggutftgﬁl"ﬁ?o‘?fgfg‘?&é{j?%iﬁ% cpadifigred yedp. g’ﬁifﬂ‘?}h tmpiasing thg stepigfechol i ¢
acid, lithi ; i 3 j 1 G20 : ' i { ells
P e L e M R S L i
bei ng fibeeblast ghowth factarcgdnyma avhinvelwdyrihanid, pipdsbelic sidditkiint adflgedein cel | s;
and a h ni zed trix. made from human col l.agen and at .| east two of hunan
protei BS 6 é%?%‘g&ﬁpo%gﬁ?ge 69({) it & ney profifping slepeelk e man  onectin and
| am ni gndifferehigedsiateod of claim4 wherein the matrix includes all of

col l agen, fibronectin, vitronectin and lam nin. 6. The nmethod of claim4
wherein the medi umincludes the fibroblast growh factor in a concentration

of at |east,40 n 7. . [ret of . cl ai,m 4. reipn 4h diu | so
conpri ses t Fanst g‘{rlgjlmr?the?r(ll(?ﬁag%%ﬁ \gﬁ%?m,&}ﬁe g ]rn\é\ﬂl & ihem&]% g&"dﬁb&?@?fng in
a cul t ir ecoressedtionlof arleagmomgani.c stem cells; a humani zed matrix nmade from
human col | agen and at | east two of the human

3. The method of claim 1 wherein the medium also comprises transferrin and insulin.

4, An in vitro cell culture comprising in a culture vessel:

human embryonic stem cells;

a culture medium, the culture medium comprising salts, vitamins, amino acids,
glucose, a fibroblast growth factor, gamma amino butyric acid, pipecholic acid, lithium and lipids
in sufficient amounts to maintain the stem cells in an undifferentiated state through multiple
culture passages, the medium being free of feeder cells and never having been exposed to feeder
cells; and

a humanized matrix made from human collagen and at least two of human

proteins selected from the group consisting of fibronectin, vitronectin and laminin.

5. The method of claim 4 wherein the matrix includes all of collagen, fibronectin,

vitronectin and laminin.

6. The method of claim 4 wherein the medium includes the fibroblast growth factor

in a concentration of at least 40 ng/ml.

7. The method of claim 4 wherein the medium also comprises transferrin and insulin.
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proteins selected fromthe group consisting of collagen, fibronectin,
vitronectin and lamnin; and a culture nedium the culture nedium

conpri si nyownacaP1Y8, am no aci ds, glucose, a fibrobl ast pgraseévshassor, and
lipids in sufficient amounts to maintain the stemcells in an

undi fferentiated state through nultiple culture passages, the nedi um being
free of feeder celdiavandceslbmdturdhenhpripidpeiarn edipesedsdip f eeder cells. 9. A
met hod of culturi 1rll*%ﬂnew human enbryonic stemcells conprising the steps of
(a) isolating th& ﬂsmba@nﬂcwg§eﬁ= an embryo in the blastocyst stage; (b)
cul turing the ceblygfhO:slfix hidkie FBmANRR doMhsdCdrddi s MinloT RS hurddfl N0
aci ds, glucose, a fibroblast growh tactor, gama am no butyric acid,

pi pechol i ¢ auoiteips bdlediédufromrttie Efopp ¢endistingof cpdagen; fibnonentins vitmnedtinendi n t he
stemcells 'hn .an_un(?i fferentiated state through multiple culture passages;
(c) the cul T ep being conducted on a matrix of human proteins; and
(d) serially exparditng héBuhSihk Sultive GhedRir® bomprisihg vitimiliCadiReiabids, dilcosé)
method as claimed in claim1l wherein the human proteins in the nmedi um

i ncl ude filbrobless growthfeston find Hpidp inpsudfieigntramayntsie neginia the Alsmseellnip &t

col | agen: ¢k D L A i ] Qi L . C u | s
corpr | 44T REERE Sl sl ANREH: oy tlocsB, Mmoo tice el E8l
pr ot ei @ad néhee hatiagbesl dxpobedimfeeder sirge whi ch has never been exposed to
animal cells, animal proteins, feeder cells or conditioned nedium the
cells culture nmedi um capabl e of maintaining the cells through over twenty
passages i ngcul tuyr k! : Jerzll i.f [ i B '

pl uri pot enc? ' and%n%e%giozc@glrﬁ#%% ﬁ?%ﬁ%@b&%h S{K%ggefi%suc?’{éﬁg? m@‘ e?it%srbf
conpri sed of humfa) msolatipgthecinséremilmedst of avhérnbrydan thetblastduylsi stagehe si al i c
aci d Neu5Cc.

(b) culturing the cells from step (a) in a medium including vitamins, amino acids,
glucose, a fibroblast growth factor, gamma amino butyric acid, pipecholic acid, lithium and lipids
in sufficient amounts to maintain the stem cells in an undifferentiated state through multiple
culture passages;

(c) the culturing step being conducted on a matrix of human proteins; and

(d) serially expanding the cells which proliferate on the medium.

10. A method as claimed in claim 11 wherein the human proteins in the medium
include at least three of the proteins from the group consisting of collagen, fibronectin,

vitronectin, and laminin.

11. A culture of cells comprised of human embryonic stem cells growing on a matrix
of human proteins, the stem cells from a lineage which has never been exposed to animal cells,
animal proteins, feeder cells or conditioned medium, the cells culture medium capable of
maintaining the cells through over twenty passages in culture while the cells remain

undifferentiated, maintain pluripotency and maintain normal karyotype.

12. A culture of cells comprised of human embryonic stem cells which do not exhibit

the sialic acid Neu5Gec.
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