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priority fromU. S. provisional patent application Ser. No. 60/695, 100
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cul t ur e gbvdmman sgpbrt yonided by emfoldvwisg agcheies NIHERROL7GAL.1 ‘Hhe (dited ISkatazibiae d
anount s offﬂ hurr% cngils and tissues for use in a variety of therapeutic

pr ot ocol §TERYFRERAME HVeRIByr ains to assist in human health. It is
envisioned in the future human enbryonic stemcells wll be proliferated
and directed to differentigte.j eclfi | so as to devel op
differentiated cells or ti g@‘s&%ﬁpﬁﬁ (ﬁgﬁwﬁﬁﬁant ed into human
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and culture human enbryonjic stemcells have been .
differentiated cell typés. 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 czreate 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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described. The previously reported techni ques do work, but there are
limtations and drawbacks to nmany of the procedures currently used to
culture hunan enbryonic stemcells. One limtation -1 WO 2006/029198
PCT/ US200, -)/ 031839 is of particular concern. Mst existing human
embryoni ¢ sPOR@2P19 | nes have been, to one degree or BEBUSEYS038Hosed
directly to nouse cells or to a nedlunlin whi ch nouse cells have been

cul tured. vVi.ou . The_fact .that sone human ES c fro eX|st|n cel
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the obje :[:i %&v‘%@ﬁgﬁ rrbhlﬁ r?arﬂ%%%&%% %@S ste rsf# r@ee h%w% t%%%#lg% Bj|ns°rt“°6m%vr 3?'%3 tissues
whi ch ¢ arﬁactdrtﬁronaﬂle Imedinen, butahsmbuims dicht ccntdmoned inodiam ety ysed to mﬂtui‘u sg:hﬂ

de5|rable tem.cel ayv, 20 sexpase cel | another
apeci s S QaRFERARRS, b0 Bl KRS RE aFe P bl 15 ot

speci es. feeAaxells ionHeyse @[&bnﬁn&@danﬁw, taﬂeem&aﬁbetn mﬁt ondot mbrenighits ARABE L t he
proliferation d culture_ of hu ni cells w thout

fi brobl adf§ @@@;‘r@ﬁl&g}&ﬂm fhg mgps 'ﬂb fé%?@s*fs 9%5}81 e g Rljgdives of

devel 0pMafiinaRémbG6Ho bemasll Eﬂﬁuéshe td Qe RGN vEHIH dah Qlthhatdly BRAuRPRAKO BItE
sten1ce||i 0005] . Several nmedium fornulations will permt human ES cells

to remai f P?C%Ye%téﬂtlglél’éﬁ‘;‘ff’%‘ie thag g steprgells Bﬂier%%ﬂ?e@xe&?@seém@ﬁs%l s to

mai nt ai nah&tﬁ&'sf;emés%r RAREdiSWhRh havdbectlBlel REclifdf: @NOVERoRk: SHedmn ES cells
froman initial seed culture in a culture vessel to confluence in the

sane cul t¢pedipglysdefining acuitpresondjion, whichiygllpemeihihe xalifasrtion and eyl of
formul at yQRg, LfBYyonic 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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permit the cultivation of hunan ES cells for one or two passages without

severe difdgost ent i aAldHaractebﬂslﬁc theNof REnGe | dosbribdit e tdent 6n rARLA! % #RORr
subsequent passage W have cone to believe that in order for a nedium
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state of differentiation of a stemcell culture can
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char acte@bﬁgl(ﬁﬂeﬁm&@& Q@M cah %d%dmlﬂngbéﬁa@ﬁ% %?4 ln&ar tHfD% RAYor
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culture t hat | fer he culture vessel with only m ni nal
nunber s I(})1 ce%sscggtc”%%géw ual%heryg?)?&?%%& ture appearing to be
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derivat i eondifiomeBolrien@sture conditions 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

[0008a] In a first aspect, there is provided a method for initiating a new cultured line
of human embroyonic stem cells without the use of feeder celis or conditioned medium, the
method comprising the step of plating celis from a blastocyst onto a matrix in a medium
-including albumin, minerals, vitamins, amino acids, glucose, a fibroblast growth factor,
gamma amino butyric acid, pipecholic acid, lithium, lipids, a transferrin or a transferrin
-substitute and insulin or an insulin substitute in sufficient amounts to orginate and maintain a
new proliferating stem cell line in an undifferentiaied state.

[0008b]  In a second aspect, there is provided an in vitro cell culture comprising in a

culture vessel: human embryonic stem cells; a culture medium, the culture mediuvm



of human ES cells is an even nore stringent criteria for the sufficiency
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the expa |on and grovvth of existi ng stemcells I'ihes have not pr ven
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onto a ngktLi arﬁif i ncludi ng al bumin, mnerals, vitam ns, am no
acids, gl ucose ro I ast growh factor, gamma ami no butyric acid,
pi pec hol i[@608c] d, | it fai third dspaait dﬂmrealstpranﬁédahﬂlm vixko @ell leaMigt Qokiphising in a

substltute and ISﬁfg‘ n or.an L.nsulin,substitute in.sufficient anbunts to

orgi nate 4 S vETSSE Arman embryomic Srmeaiis: i ihgpasize mjafly gropyhygpan collagen
undi f f er ent isalest shabemat GOGSH] sdlé’tte’d £660fBroBSIRC WitrdrREE ahd 1RHAW; d8d AN

in vitro c ture conpri si a ,culture vessel: human enbryonlc
stem cel I Bﬁ'ﬂﬁ %?ﬁ @ ﬁ@gﬁ{ﬁﬁﬂ @ Wﬁw e e VILTING, SNiBQricHs,
m ner al s ghtabd, 3, BtbbIast dAwtHAficRe iﬁﬁw% Uﬁﬂsfé@&? Cor AtrhhOLOR a3 Fstﬁﬁig\’\fngulm
factor, no butyrlc aC|d pecholic acid, lithium

transfer %?ﬁné?s n sybsgaEE.angiah %‘ﬁ%@%ﬁmﬁm@ﬁéﬁﬁeﬁﬁ@ fifoihgamme pmiins butyric acid,
subst i t UtpieRolRUBEIIC IaRAT 11 RIRA niTnS sﬁﬁm@ﬁi Ahdufts $SuAkER &8 %rﬂ %e@g Jnan

undi fferentjated state through nmultiple culture Eassages

being fr @éd@quﬂ@é@érs‘f%%lth@uammﬁ@méﬁul’msm Pegsdgesrihexpidwd Hetng fedef fadkt s;
and a hunpam Z&dhevBBlH %@gg Jemduorn cpl l agen and at | east one hunman

protein selectedfrom tin, vitronectin and lamnin. [0008c] In a
third asd@&sdlt her én |asfan61vramdt aherﬁmsvpmmdedei methddt of euttoigyy hswngurhan a

culture humani z made from
human col I age ?[ ﬁ 1??@:’%@& e Sn0 éa)étgﬁ%mkge Eg?lisdthggé?ﬁ %eﬁ?bﬁ‘?&’@fﬂo ,
vi t r onectfiom ahrﬂjmramcnll npasEndf an emmhrymnﬂ the dilastocystheage i ur@emadi #¥luding
conpri si erals, vi ta am n ds cose,
fi brobl ars‘%?0 or %‘,’\%Hﬁe%% tv%)q‘?mnf tglgﬁ%slee? %Pjﬁ’%i?ﬁt %mf’&é Br gql?lma amino
subst i t uthatyricresid, Iplpecbdshcaﬂmd,nhlhimﬁl, ]@i&ﬁtgj tratis@arriAndr attrdnSR%rin t WibsHRIDSIS
sel ected. fSr %anma am no but yric &@F pi pecholic. acid, and lithiumin
suf fici ent ugﬂo nfS 1Y %ﬁuﬁigﬁ‘i‘l {th SUidicint @BIquets; o gRintaim the stem cells in an
undifferentiated state through muliiple culture passages, the culturing step being conducted
on a matrix of human proteins comprising at least one protein selected from collagen,
fibronectin, vitronectin, and laminin; and (b) serially expanding the cells which proliferate
on the medium. '
[0008¢] In a fifth aspect, there is provided a culture of cells comprising human
embryonic stem cells growing on a matrix of human proteins that comprises a humanized
matrix made from human collagen and at least one human protein selected from fibronectin,
vitronectin and laminin, the stem cells from a lineage which has never been exposed to
animal cells, animal proteins, feeder cells or conditioned medium, the cell culture medium
comprising albumin, minerals, vitamins, amino acids, glucose, a fibroblast growth factor,
gamma amino butyric acid, pipecholic acid, lithium, lipids, a transferrin  or a transferrin
substitute, and insulin or an insulin substitute capable of maintaining the cells through over
twenty passages in culture while the cells remain undifferentiated, maintain pluripotency and
maintain normal karyotype.
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butyric gﬁﬂgﬂe@mﬁg@ shgesaci d, I|thiun1 lipids, a transferrln or a

transferrin  substitute, and insulin_ or an insulin_ substitute capable_of
mei nt ai ni¥fY1Phe celtE diseloseth ivarin it el P gb Suman S ynEc gellne
cell's reggiuRed il MEGLENnLRERE hi 1&&1@@@&%%&&9@@%@&5} mai ntain nor nal
karyotype. 3a [0008f] In a sixth aspect, there I's provided a culture of
cells conprising human enbryonic stemcells which do-not exhibit the
sialic acid NeuS5Gc, wherein the culture . conprises (i) human enbryonic
stemcells on a matrix of human proteins that conprises a hunanized
matri x made from human col |l agen and at | east one of the human proteins
selected fromfibronectin, vitronectin and lamnin and (ii) a cell culture
medi um that conprises albumn, mnerals, vitamns, amno acids, glucose,
a fibroblast growh factor, |Ilipids, a transferrin or a transferrin
substitute, insulin or an insulin substitute, and at | east
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two menbers sel ected fromgamua am no butyric acid, pipecholic acid, and
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[00011] mbich 08 selissBelcpleredhe creation of new I | nes of human enbryonic
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cells ar cgﬁ ur egéﬁﬁ)ég]fé? %éso dairgpwgg%g%r%g%lg&) éuslréfeR élgﬁ(}ﬁ?ﬁ ‘%QISE#C%WE
human enbppeaoerit drost Bwenfelbiwing spedtification. as defi ned as possi bl e whil e avoi ding
exposure to aninmal cells or animal proteins. [00014] O her objects,

features and advantages of the present invention will become apparent
fromthe fol | GRIEF BPSCRINIISN Of. T}BRSEFFJBESCRHPWIS@FGHEI‘HEASEEEE&L VI EW5

OF THE 015 h| cal stratjon of so of t he
dat a froDmY}hgi&xan%g Hﬁ%‘&ﬁ%ﬂc&l B ? Pt pm %Oﬁ ﬁagﬁ’(‘ﬁ °SHATPGY SpAtcal
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| NVENTI ON [ 00017] We have identified nultiple culture conditions and nedia
which permt the indefinite culture and proliferation of human enbryonic

stemcells in an undi f}j}grﬁmﬂ}amgcmpm@N@[dTHEquENTmcorrpl et e absence
of both feeder cells and condjtioned nedium The culture conditions and

medi a defl01pkd hee Bive 1dentiticd) Jpultipleecifure ppnditions g jnedia yygcy permit the

indefinite culture and proliferation of human embryonic stem cells in an undifferentiated
state and also in the complete absence of both feeder celis 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 medié and culture conditions make
possible the derivation and maintenance of human ES cell lines in defined and controlled
conditions without direct or indirect exposure fo 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 io
support the derivation of new lines of human ES cells, and these new lines have passed

through more than ten passages in culture.



proteins are of human origin. The devel opnent of these nedia and culture
condi tions nmake possible the derivation and mai nt enance of human ES cel
lines in defined and controlled conditions wthout direct or indirect
exposure to animal cells of any kind, and al so nakes possible the
derivation Y0 M¥#2¥hes of human ES cel|'s which have neVeEVTHaEP3Biposed t o
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initialIymkmwmmuﬂhmanEﬁcdmnn&budedmséﬂunmﬁmnmmbmmxabum@ea@mmmuﬁmmw. Al so
previ ousl has. bee ted that I t |brobla rowt h
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addi ti ve viiMioRen sdf® dordsAivleht8 Undio @@h@ﬂﬁh&ﬂa@ﬂﬂe%@&em@w BESoskiBleC Willed biowgh hunman
ES cells, in order to avoid the issues of
'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 (TGFp), although the

TGFB 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 concenirations 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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variation in serumconstituents and to use nedia that are as defined as
possi ble. Oher growh factors which have been found to be advant ageous
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substitu or Nt nme as .ahn i.va IS al so elieve
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were foungaiigel e Ietnk dh adtificlalBasBM ekt Wibnbkank BEMERRGENbFSh] WRiSh 14%85bliell 8t €,
it is also envisioned that one or the other of these constituents coul d be

dr amat i ¢ & opymergiad peodugl freeof swnseiells- P weTeE redise pMatrigplantedvgesrinie thaye
other. [ QQ%@LHHE%’J wﬁe&glmg&&@%ﬁn&%ﬁa Qhich %c'ﬂid%&x&teﬁ&ﬂﬁ%%@&ﬁ@ﬂs (40

to 100 ng/m) seens to obviated'the need for feeder cells. The preferred
FGF i s bakreit s@tso dgsosibed agve fo @epte o biglogisriapatgy gf human proteins hat substitutes

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.



FGF2, but other FGFs including at |east FGF4, FGF9, FGF17 and FGFI 8 will
suffice for this purpose as well. OQther FGFs nmay al so work, even if at
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culture conditions for the human ES cells a biological matrix in the
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effect. The nedi um descri bed bel ow is defined, contains no aninmal cells,
and permts the long termculture of undifferentiated human ES cells. An
exanple is presented of a mediumin which the proteins in the nediumare
all human, to have a "humani zed" nmedium and matrix to avoid any possible
concerns ab®@x20e¥M3218%| | ul ar products of animal origin. POUO2B)5/08I8SD
descri bed below is the derivation of new |ines of human enbryonic stem
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o oy Y e aon fEbe AP G hcBRont ke g pogifigientiaied
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quantitative, and the medinm 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:

[60031] 1. Collagen (isolated from human placenta) at a final concentration of 10
#g/100plom?.,

[60032] 2. Fibronectin (isolated from human plasma) at a final concentration of 5
pe/100ul/cm?. ‘

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

[060034] 4. Laminin (isolated from human placenta) at a final concentration of 5
pg/100ulem?.

[00035] To assemble this matrix, the collagen is denatured with 6M GuHCI (guanidine
HCI), filtered through a .45 micron filter and frozen in aliguots, Upon thaw, denatured collagen
was diluted info 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
other constituents omtted do result in increased percentages of

undi fferentiated cells, but the differences are quantitative, and the
medi um does_wor k, at Ieast to sonme degree for limted cell passages,
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t hat CFVhuman 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 inmer cell
mass (JCM) 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 Kaufian, 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.



CVL and CFL nenbranes do work well and maintain ES cells in an
undifferentiated state, but are sinply not quite as conducive to cel
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Nat ur e, 286Q fHs4tHeb6ns kargbtyicellydoimal 4 Ketfeltadyhdrome i ave@$ themiast ¢dmamalef | ned
medi um TeSR1 wth the fin humani.z tri.x as.descri above (.CVFL) .
Fol | ow ngoibae Sakhotclfe SEmtel SRR bR Jofo FRuAERE hE Pt

r epl aced epibr idaifrathdrsiginan aAffice inttbduded by2lie wrayess ofdhitiass thé stae lckl cudere
mechani cal ly isolated and replated onto fresh CVFL plates. Mechani cal

i sol ation was continued for the subsequent 2 to 3 passages after which the
col onies were passaged using the enzyne di spase. The new col oni es were
confirmed to be new lines of hunman enbryonic stemcells. -9 WO

2006/ 029198 PCT/ US2005/ 031839 f 000401 Using TeSR1 nedi um on the four
human matri x conponents identified above, we have derived two new human
ES cell lines fromb5 cultured blastocysts. As of this witing, both human
ES cell lines have now been continuously in culture for 6 nonths through
successive passaging. The lines are stable and norphologically simlar to
previous stemcell lines. FACS analysis and RT-PCR, and Western blotting
denonstrated that these cells express a series of markers characteristic
of human ES cells. Enbryoid bodies derived fromthese cell lines
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expressed markers of all three germlayers, and both cell |ines forned
teratomas when injected into SCID beige mce. After 4 nonths in culture,
one cell line was XXY (Klinefelter Syndronme) and the other was
karyotypically normal. Klinefelter Syndrone is one of the npbst common
human chr onOFRE/3HA%r mal i ti es, suggesting that this abPe¥HSAWFPI8IRY have
been present in the enbryo itself rather than an artifact introduced by
the process of initiating the stemcell culture, -10 W 2006/ 029198

PCT/ Us208%043h 39 TABBEA1] FempictaFespntion HrEssRLMedi®h f or. TeSRL Medi um
| NORGANI enBAGITaR AMdNO ACI DS mM - Cajygi um chl gynmieo Aémbygdr ous) 0.,8432
L- Al ani ne 0.1392 HEPES 11.76 L-Arginine hydrochl oride 0.5488 Magnesi um
chl ori de Qeliiy ghlotids (Aghydgms) | - Aspar agh-BE220 0114BpineMagnesi um Sulkldpa
(MySH4) @updR088 L-Aspartic acid 0.13p2y4 Pot aSiL ﬁggg;dr(gﬂo@gg ) 05486144
L- Cystei ne-HC1-H20 0.0784 Sodi um bi car bonat e CCB) 11. 2112 L-Cystine
2HC1 0. OMGMPWWV@QUSOMCI) 0a2%13824 L - d 0. 13@21392
Sodi um p b6 nhydr ous) L- 96 Sodigyl
phosphat &, Et':g%Dno ’SF%’; P%%OA 0. 3551%3 %%gm néq-% G%ILdZHl sti di ne- %%) H20
0. 1176 Pms@wwmam&m_l)lsol euci ne 03.208444 [EeCystanaNHCHERE 0.0784

(Fe( NO3) (Eﬂg:ﬁ Leuci ne 584 F fate (Fe H20)
0. 001176%-Ic_)8i:?&15| e (%Q% roc ﬁo% de 0. 391 %ﬁampr}c@gﬁﬁzﬁgi(msm 53%?1

4. 0768E- (Sﬁdiuni\xﬁ;ﬂdndelﬁNa@)O 090944 Zi n24.59824 at e I¢GuB@de 7¢i20) O. 0011)71692

L- Phenyl al anine 0..168 . t adat e yaB 0.000056 L-br l'i ne
0.2176 %ﬁ?ﬁh@ﬁ?@%ﬁgﬁfﬁﬁ&fﬂﬁz o5 getthlagipe s 200 206 Aoni um
Mol ybdat Sodiu@DgHaéfha@bmbadlhr eoni ne 0. 352016 Ni SO4 61120 4. 94861E- 06

L- Trypt pphan@%gﬁg&a%%%um Met a Sbg%ﬁ%e %1963 9H20 0. 004926108

L- Tyrosine 2

L-Histidine-HCI-H20 0.1176
TRACE MINERALS L-Isolencine 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 (CuS04-5H20) 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 4.94361E-06 L-Tryptophan 0.0346528
Sodium Meta Silicate Na25i03 9H20 0.004926108 L-Tyrosine 2Na2H2O  0.167776
SnClI2 5.32544E-06 L-Valine 0.354368
CdCI12 6.21931E-05
CrCi3 9.41176E-06 VITAMINS
Ag No3 ' 5.00293E-06 Ascorbic acid 0.375
AICI3 6H20 2.4855E-05 Biotin 1.12112E-05
Ba (C2H302)2 4.99217E-05 Choline chloride 0.0502544
CoCl2 6120 5.0021E-05 D-Calcium pantothenate 0.0036064
Ge(O2 2.5337E-05 Folic acid 0.004704
KBr . 5.04202B-06 i-Inositol 0.05488
K1 5.12048E-06 Niacinamide 0.012936
NaF 0.000500119 Pyridoxine hydrochloride 0.0076048
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SnCl2 5. 32544E-06 L-Valine 0.354368 CdCl2 6.21931E-05 CrCl13 9.41176E- 06
VI TAM NS Ag No3 5. 00293E-06 Ascorbic acid 0.375 AICl13 61120 2. 4855E-05
Biotin 1.12112E-05 Ba (C2H302)2 4.99217E-05 Choline chloride 0.0502544
CoCl 2 61120 5. 0021E-05 D-Cal ci um pant ot henate 0.0036064 Ge02 2.5337E-05
Folic aci d O0U®ABHISKBr - 5. 04202E-06 i-1nositol 0.054B8I/GRI0F3IIBOA8E- 06
Ni aci nam de 0.012936 NaF 0. 000500119 Pyri doxi ne hydrochl ori de 0.0076048
-11 WO 2006/ 029198 PCTI US20051031839 RbCl 5. 00414E-05 R bofl avin

0. 0004704RbGr 0C12 8H20 9. 03834E- 05 ThP&RHHE-PR dkibefiavdr i de 0. 0240994704

Vi tan n 2 GROATH FACTORS GABAs b 85 IrENERGK GHBRERATE 460217

Pi pecholic Acid 0.000984 D d ucose 13. 72784 bFG- 5.80%—06 Sodi um Pyruvat e
0.392 Lid 0.979 TGF beta 1 2.35E-08 PROTEI NS Yitarein Bldsul i n 0.0@82%38
LIPIDS H ferrin 0.14 Linoleic Acid 0.0070976 Human Serum
Al bum n 199. I'poic Acid 0.00039984 Arachidonic Acid 0.001312 OTHER
COVPONENT&ABSho! est erol 0. 0113798 G ul&fi one (ENERGEFBURRTIISED 6

DL-aIpha&ggﬁ%ggﬁkgh-acetate 0. 02962 *%Rﬁéﬁﬂﬂhiﬁﬁ4ﬁﬁm£e01l76 Linggﬁgg

Acid 0.0 enol red 0.0159936
bFGF 5.80E-06 Sodium Pyruvate 0.392
LiCl1 0.979
TGF beta 1 2.35E-08 PROTEINS
Human Insulin 0.0034438
LIPIDS Fuman Holo-Transferrin. ~ 0.14
Linoleic Acid 0.0070976  Human Serum Albumin  199.7
Lipoic Acid 0.00039984
Arachidonic Acid 0.001312 OTHER COMPQONENTS
Cholesterol 0.0113798  Glutathione (reduced} 0.00592996
DL-alpha tocopherol-acetate 0.02962 Hypoxzanthine Na 0.01176
Linolenic Acid 0.007184 Phenol red 0.0159936
Myristic Acid 0.008758 Putrescine-2HC1 0.000394352
Oleic Acid 0.00703 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
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Myristic Acid 0.008758 Putresci ne-2HC1 0.000394352 deic Acid 0.00708
Thym di ne 0.001176 Palmtoleic Acid 0.007862 2-nercaptoethanol 0.1
Stearic Acid 0.00703 Sel eni um 0.000177304 Pluronic F-68 0.238 Tween 80
0.3358 -12 CLAIMOR CLAIMS |/WE CLAIM 1. A nethod for initiating a new
cultured Iine of human enbryonic stemcells w thout the use of feeder
cells or conditioned medium thEMMHBELABADri sing the step of plating
cells froma blastocyst onto a matrix in a medium i ncluding al bum n,

m neral s,y t@df2s, amno acids, glucose, a fibroblast growth factor,
gamma am no butyric acid, pipecholic acid, lithium lipids, a transferrin
or atransferrin substitute and insulin or an insulin substitute in

suf ficient 1.anDuehe fronigiihod RatcinARUindBi Hah@i dhbRoREVEREL ifugtahd RPoSt em
cell line in an ungisfof erenti t hod_ of . cl 1 wherein

ted state. 2. The , '
the nedium i ncTudes “Chemfi I}egﬁﬁwg"sl?’ t%er%\%foﬁ PRECEF r'EI%r‘?teE\"f@ﬂ’r?%éﬁff Eﬁ{niaon of at
| east 40 ng/ niblastgystine ampativoth ofedimainphudingileymen, noikidrdsh ivitaminssangintbatidst ut ed
with Activin. gidlose ANfibrEblaél beb@eh Cdidr, Mnﬁ%ﬁn&ﬁi@ﬁiﬂdﬁ? dehbi@ oGl fddlg, vessel :
human enbryonic. stemcells; a culture medju _the,mifurermdlwn ’
conprising al BB A TIFOL p fansiEipposubstityte 1 orgRiingyin substitys in YfisicBse, a
fibrobl ast gr ewbinisftaotiovate gdmxmiagng me Weltfsrating s@oicel] ligl ip @t hadiffeenaaddd
lithium lipiigds, a transferrin or a transferrin substitute and insulin or
an insulin substitute in sufficient amunts to maintain the stemcells in
an undifferentiated state through nultiple culture passages, the nedium
bei ng free bf Theedaosd cetihinn BRdereievier mbawi Aguiean fxpOSEsO fhegder cel | s;

and a_hunanizgglg?&hk%ﬂggggﬂL{ 1 human col  agen and at |east one hunan
protein sel ected from Tibron ctin, vitronectin and lamnin. 5. The

culture of claim4 wherein the matrix includes all of collagen,
fibronectin. hthanEetddimaARdereih affuRdiidkubstituted with Activin.

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

human embryonic stem cells; |

a culture medium, the culture medium comprising albumin, minerals, salts, vitamins, amino
acids, glucose, a fibroblast growth factor, gamma amino butyric acid, pipecholic acid, lithjum,
lipids, a transferrin or a transferrin substitite and insulin or an insulin substitute 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 one human protein selected from

fibronectin, vifronectin and laminin.

5. The culture of claim 4 wherein the matrix includes all of collagen, fibronectin, vitronectin and

laminin.
6. The culture of claim 4 wherein lithium is substituted with Activin.

7. The culture of claim 4 wherein the medium includes the fibroblast growth factor in a
concentration of at least 40 ng/ml.
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6. The culture of claim4 wherein lithiumis substituted with Activin. 7.
The culture of claim4 wherein the nediumincludes the fibroblast growh
factor in a concentration of at least 40 ng/m. 13 8. An in vitro cel
culture conprising in a culture vessel: human enbryonic stemcells; a
humani zed matri x nmade_from human col | agen and at | east one human protein
sel ected fromA"fT BFOWE P coRprispg et wid: | aninin; and a cul ture medi um
t he cul ture nbobatrmbEOfd dtedd ¢@s; al bumin, m neral s, vitam ns, am no acids,

gl ucose, a fihr g etk I tr ferrin ar

transferrin sEggg#%ﬁ%g%&ﬁ%%%Pﬁﬁﬁ%%&ﬁﬁbg%ﬁgﬁfﬁﬁﬁ§ﬁ§§ﬁ??ﬁ?gfw§ﬁﬁ%§?mleast
two menber sitERE@a@Epectinmmddang 2athi no butyric acid, pipecholic acid, and
| i Ei 'hi‘ ]ym in _SUfafciélﬁ;f&ﬁHdiuﬁlmhﬁ &Ilﬁreﬁ&diﬁﬁicﬁﬁniﬁ-isﬁg tﬂ:aﬁmﬁ,tr@ﬁ&&s?lvhﬁmhsoazﬁiﬂo acidé,_
undifferentjated state t u tiple culture passages, t medi um
being free of feb %?m%% Pg&gﬁ “n%@gra a??ﬁﬁcﬁggﬁmegyﬁggﬁﬂhtﬂs‘%86%? cel I s.
9. The cul tipfubn gbstigitc pgh o8 legdh yoehgmber eclevtet fiow ghmod edasbugirt add, ppedhblagen,
fibronecti nucid, Wit KRR GH bR ah @ik W Paind@. nd BEn Sk titl 58w frefeh @k Bravher ei n
lithiumis ﬁyb%tigu ed with A@t%viqﬁ 1é“ A met hod of cul turing new hunman
enbryoni ¢ sTERTTBITPY FEH PERyiht MEiey Bifwe &ye of fegger cells pdimgyyr iy merbeencel | s

t hat have bepnedtg@kedtetls.fromthe inner cell nass of an enbryo in the

bl ast ocyst stage in a nmediumincluding al bumn, mnerals,, vitamns, amno
acids, glucose, a fibroblast growh factaor, qanna am no butyric acid,

pi pechol i c Qa%’i’etf,“mlr? 5lath Weered thematix peludeeglial pqllagepyfibongcimnst er ri n

subst i t utviro@mith andBoniocn or an insulin substitute in sufficient anmounts to
maintain the stemcells in an undifferentiated state through nultiple
culture passaqes, the culturing step being conducted on a matrix of human
proteins cdffprhesufige aficlained ghereinkthipn itsuhstituisd e ddiging r om col | agen
fibronectin, vitronectin, and lamnin; and (b) serially expanding the
cells mhichﬁéﬁ%%ﬁgfg.e.on t he neqjun1I12 of . claim9 wherein

i k2. he cul t re _

the matrix e R Y Y e ?Sﬁgé?ﬁﬁ?mgﬁ?ﬁ?%ﬂ%ctln and

lanminin. 13. ®™e culture of claim9 wherein lithiumis substituted with

Activin. ) culturing the cells that have been isolated from the inner cell mass of an embryo in the
blastocyst stage in a medium including afbumin, minerals,, vitamins, amino acids, glucose, a fibroblast
growth factor, gamma amino butyric acid, pipecholic acid, lithium, lipids, a transferrin or a transferrin
substitute and insulin or an insulin substitute in sufficient amounts to maintain the stem cells in an
undifferentiated state through multiple culture passages, the culturing step being conducted on a matrix
of human proteins comprising at least one protein selected from collagen, fibronectin, vitronectin, and
laminin; and

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

12. The culture of claim 9 wherein the matrix includes all of collagen, fibronectin,

vitronectin and laminin.
13. The culture of claim 9 wherein lithium is substituted with Activin.

14. A culture of cells comprising human embryonic stem cells growing on a matrix of human
proteins that comprises a humanized matrix made from human collagen and at least one human protein
selected from fibronectin, vitronectin and laminin, the stem cells from a lineage which has never been
exposed to animal cells, animal proteins, feeder cells or conditioned medium, the cell culture medium

comprising  albumin, minerals, vitamins, amino  acids, glucose, a  fibroblast

14



14. A culture of cells conprising human enbryonic stemcells growing on a
matrix of human proteins that conprises a humani zed matri x nade from
human col | agen and at | east one human protein selected fromfibronectin,
vitronectin and lamnin, the stemcells froma |ineage which has never
been exposed to animal cells, animl proteins, feeder cells or

condi t i o R dﬁPmFﬁ@mﬁ@FW“@HFﬂHF@wHEHWUW*“%dﬁ%?*@Fﬁémaﬂﬁﬁﬁ@ﬁﬁHW|nerals
VltanlnSﬂﬁ@mmncmaﬁmdﬂwwghusﬂﬁemmﬂmék@ﬁﬂbbﬁﬁmnmﬂﬁgg&@Mkmm&%E%Qﬁmuﬁ@”na

am no bu sferrin or a
transfer?%%ﬁggﬁgggﬁ“Eh@ﬁgg%dk%ﬁgg%ﬁﬁm%%%%hg?ﬁ?ﬁFﬁﬁwgﬁﬁé?é & g4Bay) e of
nalntalnlﬁamﬂﬁe cells through over twenty passages in culture whil e the
cells remain undifferentiated, maintain pluripotency and mai ntai n nor nal
kar yot ype. | L.ur, m.11 r he trlx includes all of
col | agen, H%g?%ﬁ% |§ Vi P%ﬁ%% emmgﬁﬁd$%5ﬁﬁ°fﬂgg ORFFEL VIR ¢l ai m
11 mhere#ﬁmmﬁthlun1|s substituted with Activin. 17. A culture of cells
conpri si ng human enbryonlc stemcells which do not exhibit the sialic acid
Neu5Cc, i.) human enbryonic stemcells on a

wh
matrix of ﬁUnﬁﬁC% tg# Egﬂ%%g@%%%§$;%ﬁ&ﬁdﬁﬂh%%W?ed matrix made from

human col | agen and at |east one of the human proteins selected from

fibronectiny, N l:lIltr.lQ REeGHI E'onﬂfﬁgné lﬂlmaﬂlén%r}%ﬂlg stérh l:&ﬂs @’hl&?&o nogﬁ"&u{n%@ sialie a?cy m t hat

conprlsei i% bum n, mnerals, vitamns, amno acid I br obl ast
growt h f AEPGP, WHEepitfSulte qoparises (O bhpmiy cgprygnic W“a‘ﬁ%%‘oéraﬂaﬁlwﬁb@ﬂwfﬁ?@ insulin
or an i ngul domprisebeinintritted mat@in thadtfronei@min dolMemARNES ofalf 86 h@shn hfoRiRs gamma

am no buE&&kﬁﬁﬁﬁhﬂnmﬁﬁpﬁﬁﬁﬁg%gm§%+ﬂmF§ﬂ91(mﬁgh%g‘ 8. mahie culture of claim

12 wherein the matrix Inc agen ronectii Vi tronectin
and | anfhypn. mixpralsgmins amife @cids gledossi HbIOb lagitzei factdr; lipkls.arisBrrinwbs t | t Ut ed

W t h Act kstisfrrin sibdi@ute, insulin or an insulin substitute, and at least two members selected from gamma

annino butyric acid, pipecholic acid, and lithium.

18. The culture of claim 12 wherein the matrix includes all of collagen, fibronectin,vitronectin and

laminin,

19. The culture of ¢claim 12 wherein lithium is substituted with Activin.
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