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WO 2004/ 098285 PCT/ EP2004/ 005031 CRYOPRESERVATI ON OF

HUMAN BLASTOCYST- DERI VED STEM CELLS BY USE OF A
WEL@SBB28TRAW VI TRI FI CATI ON METHOD Fi el d of t hBCT/EP2004/005031

invention 5 The present invention relates to an

i mproved nethod for vitrification of biological cells,

CR?@mﬂﬂVAhb%ﬁbﬁWAﬂmA&rbsvsm pERIVEN BSENECEELS BY USE
cells that remain

|
0F\AQBP§%§WN\6%@9@T@ Néﬂ}?ﬂ@d Background of the
invention 10 A stemcell is a cell type that has a
uni gue capacity to renewitself and to give rise to

Fielchatthg ipyeRfist " di fferentiated cells. Al though nost

Thé?ﬁﬂetsémqﬁvérmsn ha@geés 1&&.@ hn;ﬁévélﬁ@uétho@&bﬂ \ﬁtrlﬂéatloﬁl@flbldkﬁjléaﬁ cells,
are commtted t uct a spec funct.i, on,

co

espegially P@S@ﬁ&trﬁ@rlv%ﬂewlﬁ (B beifs) g method iy it gt the cell

ma%vﬁdnwlab@téﬁeauw%k/@be@reﬂuamaI type. What nakes the
stemcells uniqué is their proliferative capacity,
conbined with their ability to become specialized. For

Badigyrb8Af of theRRRGBRT S have focused on finding vvays to
use stemcells to replace cells_and tlssul?s t hat

A steamaglbls aopelldyrestiabions senifye CaRasily 1 woew,iisRT gad 19 %‘8%&@% to

spRfalitdWol diftSRnited SEIRMARSSUH mESTRENDHI the BBy, SRBRBE Gieart cells or
stemcells. Enbryonic stemcells are derived. from

sklrbp%llsnﬁqeamr@alt@g ,t@ Fondustia seRGHicfUnstion, asfend p@l}:5§§{ncommlt?ed until it
rec%@e‘, gajyria® &RERbIIMo %tﬁ%l‘éﬁ%édsceﬂrtﬂ)eowmake*s fthd §t@m cells

adul t organi s . t he_bone narrow, e TS
unlaw&th@lé@tth%atlvm,@aafaﬁyn@omfaH%Wﬁamﬁ'rrﬁéﬁtﬂl%meqogiﬁssneﬁ'a zed. For

yedrd! (a8 rafkts Bhhefoch SN firkiing RafLlotidel A& c@ﬂ%fitbtr@ Ila&e B&lls and
regarded as an enbryo before 1nplantation jn

tissyes e afe damagrdor drpseartarirapetiresonseh b fogigpekan.fio types of

stefEddIg, erﬁ!’)@oﬁlﬁ%hﬁfseﬁﬁtlé &Eﬁf&@g Erﬂb%ni@'s@éﬁ@é%ﬁémdﬁhw@ﬂom the
stem cel | BS ¢ herei n when

preifapiantgd rﬁ@ﬂh@dtq@@ytenw MQSB?PyStPWDPiG@étt%§W?fé‘s§t§th§U% are present

in tﬁ@@%‘lt bR@hisWD @£ afthintRe bEAD MARRINC efitiermis and mtestlne According to
bl ast ocyst - derived stemcells can %I ve rise to al

mapy NRloTIah lawsdn EHERRSi 251§ othes coHRlIaS higrtiiired gRew ot éegarded as an

emS &'eshtnﬁﬁh%%ll\ fh e \(feras MO ®-14 Bhysesiter fRBIARbA, &andsuch cells
descendent cel In 1998, |nvest|gators

areftherefaie referred tq aﬁﬁéaiﬁp@tﬂsrlv%tawaﬂ%f b %.C&"sze%rﬁh% when
emﬁﬁ%é abERGhg I‘t‘é‘fﬁnn\f&'ﬁbh |Fbll§rj‘f§$télﬂfg%§%§ ha@sﬁd%vrg!hg’c’\(/vhé}@% the

n"culture See e.q. in US 6
emeo'@nlc“m@asmyéfa@qrwgd ﬁt@ﬁ@a@l@waarweor&?etpéﬂﬁét'ﬁ 'nvtm ﬁm@msm

mcﬁﬁﬁlﬁstgg %Wk&llst SGROR! Q8% defSIHAVES ﬂd?@tlmlté& Pép@?tlof?e in descendent
met Hods

or préservation of the cells and cell 1ines
celdtypesavai | able. Cells may be stored either vi tr| fied
or frozen. Cryopreservation using conventional
approaches is very 35 difficult to apply to conple
In 098, bwastigatare wereios §iecfipt tivae ablede isglate emppgnic stem cells from

hurﬁéﬁ "fé?ﬁl?éeb%é&teé SRd td‘p @fo(mhémn B@I?urg 88t bULUYS 888 ?@@taﬁd in US 6

ification process a sanple containing the
20Q:§®$s |s rapi dly cool ed down to very | ow tenperature
and then the water content fornms a gl ass-1ike

The increasing research and development within the stem cell technology requires that
suitable methods for preservation of the cells and cell lines are available. Cells may be
stored either vitrified or frozen. Cryopreservation using conventional approaches is very
difficult to apply to complex and sensitive biological material since the extracellular ice
formation has destructive effects. By a vitrification process a sample containing the cells is
rapidly cooled down to very low temperature and then the water content forms a glass-like
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CONFI RVATI ON COPY WD 2004/ 098285 PCT/ EP2004/ 005031 2
state without crystallizing. Thus; vitrification is
WO api@s2edl i ng of a liquid nmediumin the absePCEERI004/005031
ice crystal formation. An anorphous gl ass fornms during
rapid cooling by direct submi“sion into |iquid
: f .
B4 WREE st ok AT GABAR, Bpofhesi 667 | uip RS in the
abaenqeezfmemwstal farmatpmr A @h@dofmlﬁ iglasyHerng dying rgpgé:@@hrw by direct
i ; th
s%mfés‘oﬁefntg Ilﬁglﬁ%trc’%qeﬂ'h‘i £§ %%Wacs%ggc{l:rlﬁg@me &lﬂg 'ﬁ{é@gsé f&tains the
norryaltChﬂtrlMprr@tf mrilqumtwrrehangsyw a wwwaeféfqrmn The glass is devoid of
ryﬁglg ﬁfd ﬂ“l%ldeﬁ% Ll ISB e&t d %‘cell@@?'d%ﬁ%?é \%@ﬁ%y be associated

e th viatés ice eatlon an
v(mhy«zqacrestelrf@ama’fmm at:ccmlrmety ’é'fftﬂpml 18 d@ﬁ@ﬁ %%W"ﬁ“f'ﬁaw in an

BB Bl BB Sy R e apd ot e

nethod for cryopreservation of these cells by use of

Cg’y%o\(l?\gg%}éﬁﬁwo?%{%h rg&{lé gﬂeﬁﬁééllgﬂa %‘égfmvgﬁ ated and Reubinoff et

ves ontact
abf(Htiman cﬁ@@mdmaomfzoome%tzlﬂ 8v20P4)Hvha qiewrlaecih pteifedhfor

cﬂgg %&mcagpﬁ opﬁ\ege %?I\‘gl‘éﬁ%geoéf aﬁQJIHe?I ulle ]%:urt PRy QiriffcBBon method. The

erl a her nore, due
drawba‘@ks df thermsétbad acf that ibinvblees e@ntast of thesopan endees the straw with

Il?ﬂu% Ec#?%gs\wlcﬂr% &&LB%' Qg&{rcéefor %hnta?’?ﬁ{a? ogﬁfﬂfg‘%l ; g@%llymé‘terlal to be

or vrtrification that avol
vitdiieca Eurthérirorei duedgdine timessioaeaf alpyliad He, the volurap vifrified by

r I | . (Theri ogenol ogy, 2002,
%gsﬂagﬁ\k é;ﬁépr I#T%}[%g éﬁa oocytes by Chen et al.
(Human Repr oduct i on 2001 16(11): 2350-56). Both of
S 0 et hods us sed str
I\@e{}ﬁ?cgsdf%r wﬁa‘lﬁg’u §1§ (ﬁlrﬁcét tm@fgﬁéur’%rtb%\é h?@g Beet;n described for
rabsislt érhienyes by Eopezslejsseit &l e Thanmyetiblogns2ad2s 5as1341e52) and for mouse

B 8 P, TR brodBsh a0 2B BB se

radthede useSHosedr sitagvsfthatdziva dheam duliealin dhe seane ngy mstthe kisown open

S 057 o DS SR Sl 5 e 488 by Revoior

et ) JpusSe byl these wkthdg a olumseof abolt y-@nil¢s wtrifisd deédch, straw.
it seens that the survival of undifferentiated human
enbryonic stem cells is very poor, and nost of the

Slé\llvllrat@igifefeﬁihg Rihitd da§id Miavilh @ mebivdg by beérugsy fov oiyumsewbtlon of cell
ce S ave

[ een vitrified suc ovv-ratefr

% HIS 6 1906 THRINGP 1B RUIA e e g B RBTeeBRTGT o) 0. mouse
ePRbrybnis stehN@d1, it Sedrhé tHat ﬁmefb@ﬂdvefl ef urd:ﬁWé?rbﬁtﬁat@@ human embryonlc stem
effective vitrificatjon qeég t hat argl g’[ﬂ

QR4 5 enipRPT B MPRGRI DR eo LATERLE o diea Nopnal; lavger volumes of

celié havehednBrifddRith s08h YRirbteGfecing/ridthbds reediing if Ib® recovery
ri sk of unwanted contam nation of the cells during the

(PeseiBeifiekd.)- I n particular, there is a need for
devel opi ng effective net hods for the vitrification of

| arger vol unes of
Thus, there is still a need for developing effective vitrification methods that are easy to

handle and that involves as few steps as possible, while at the same time avoid or at least
reduce the risk of unwanted contamination of the cells during the procedures. In particular,
there is a need for developing effective methods for the vitrification of larger volumes of
cells or cell lines, such as hBS cells or hBS cell lines.

Description of the invention
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35 cells or cell lines, such as hBS cells or hBS cell

lines. Description of the invention WO 2004/098285
weFonseM2804/ 005031 3 As nentioned above, effiPRCERP2004/005031

cryopreservati on nmethods are gecessary for the

devel opnent and wi despread use’'of bl astocyst-derived

stemcell lines, hereunder the establishnent of human

bl ast ocyst stem cell banks. Effective freezing and

Astestitioged abevsh aifigiestcruppisbervatian opibas precRrsessany &er tBe
g@élbﬁngﬂ%nﬁ%aeé 'ré“egasuﬁelz&rblé@d@stpd’ér%é &fom Léll Ilﬁ’é;%uh&$ﬁﬁder the

esirable to arge volunes in each straw.
eptablishmeniobheman blaﬁ@nysmtwn celbbanksakeqive fegzing agd thawing

t%lh\ﬁgﬁﬁeg %H&tﬁg gff%k?(qP%reQQﬁEh&@% f QN2 2RE céWIﬁi’ésCPbrl Sorfd guﬂp@ses it

elr vitrified state.
WPl tpey @@@rﬁbleltﬁvmfv iasge vellmes & eachsstiawt. Hi$ is die case e.g. when many

c%l'lﬁt %rjefrl %eéd! ﬁnc\r gE/elg gﬁldcédur@c(??’ép}psﬁbé%n) b whéRBSifsSre % bé BRpatched

uton ut1on , 1i) optionally
bvrma‘batthejrnvltﬁlfied Blatesel s in the first soI ution, iii)
transfer the cells obtained in step i) or ii) to a
second solution (solution B), 15 iv) optionally
Thequésent orerfontralatasdblasmethot frs vidteian sbrellsi spmpiging
transfer of the cells obtained fromstep iii) or iv)

into one or nore closed straws with dinensions that
i)etrdnsfer af thel aslie taod fiest splotien (spBtibn A be contai ned in

ll@gﬁgn\éllg mﬁ?@%n‘gﬂ%g %H%g%e‘ﬂgﬁl S rﬁl?é?rsglu%ﬁ’sed straws, and

or nore closed straws.
iipOransfeethe deltpobteined i siepiir e idfo 8 Becandplilion AseluliriB),

l\g%fgﬂgrq?ll&?néug%&%fgﬁe ¥QlsU®hd Q,:,Q;Ton&%mﬁgn vitrified in

resent Invention relates to a nethod
vj ransfet ofithe celtsi Qmeloed fremisten #i) ordv)oBiePnstgrAn@re\lqsed straws with

dﬂB%n nsr%gtgg %Ilgﬁt ﬁdlur%vofiatvlggé{r@rﬂl E&E’%@MH@SQ% $ent O

out to about
vdZealing the @ne @b mare 2B6séd shnavedacauﬂ to about 200 I, from

25 .ahout 75 | om about 25 gl to
VH)O\G{JJ}'BCL{ Ffthef rﬁ%r%tcjr%%dgsl’tra%. about ’ 125 Ig from

about 30 gl to about 100 I, fromabout 35 | to about

75 | m, ab ' '

/%Y]ee(}‘,{im néflerag o?gw chng?ﬁe IB?%(.;]/ !n E dqg ti%olﬁé(% \éb?lﬂp%éhat can be
vitriskinteach geawi The preserd pipreoiomeatey tol3 rraﬂmddngyitrﬁication of cells in

i arret er of  about and a ver h t I\

clpesduans 3t B a5 aBH Serinte ateodth 293 ot 200 . sucn
a8>8. gp|fron|a-al9éLﬂ|2©, | 1d\Abol\239 uA Trofh abEBJSZBTm todsto about 200 pl, from

However, it can be envisa t hat even great

A o a7 Sl BPavt 5 W BB a0 ab fad oD o about
1‘°2§ i o 3bb @™ #%0 ét?t%tclb?"?tn%h mt%g?l {95 3, F¥fm about 40 to

raw I's approxi nmate he sane a estraws used
abouhso gito bepmotannﬁeldn tHreau. '[Heestram\lsmsad inothe pwovidédexamples of the

qrgﬁ.r%@ hﬂ/gpthrh%'e gppgwr?%elgtﬁoc%e r(])nal é 8%&&6&%%%{ Zmmand a very thin
plastic wall of about 0.1 mm (closed straws, French mini-straws, 250 ul, L’Aigle, IMV ZA
475°, 133 mm, Svensk Mjolk). However, it can be envisaged that even greater volumes
can be successfully vitrified using longer straws as long as the diameter and the thickness
of the straw is approximately the same as the straws used in herein, provided that the
dimensions of the container with liquid nitrogen allows the entire length of the straw to be
covered by liquid nitrogen.

Another very important step in the above-mentioned method is the use of so-calied closed
straw. In the present context, the term “closed straw” is used to denote straws that in the
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covered by liquid nitrogen. 35 Another very inportant
step in the above-nentioned nethod is the use of
waesogabd2esl cl osed straw. I n the present cont eRCT/EPI04/005031
term"closed straw' is used to, denote straws that in
the WD 2004/ 098285 PCT/ EP2004/005031 4 fill i ng
[ [
ﬂ@ﬂ@ pbéuﬁ&w Fé\Yee r?&péif&?ﬂ t%%‘?]alb@ fiﬂmgb’f.ﬁ' thé bld dﬁﬁd?eﬂéﬂ@e .g. the cells

or ce
oecel Ilneﬁ) a.gsina albtaelermelailumm deh'Sﬁmidss npediatelyrafiad flﬂif‘@fﬂghﬂy

cﬁ’)f55§ ko SV did hH\Qantlfe@ Q%n%m rfalltlQﬁ gﬂthE%eﬁée’ RbR tHé“é@r‘F&?ermgs and also to

amnation o fromt surroundlngs
agbig dhe dsk @valﬁntdﬂecqnftamn@lioﬁﬁf\/&m{iwm%@mgﬁﬁi%thecﬁ?"%fmmght seals

btb%ﬁ'?e'n%s%’f Qﬁe Qﬁé\m% Hgntctsl &enﬁbéﬂtéﬂ%hé@@* i§otﬁ ttsamples and

W are | hportant
thoenvinenment. thLtﬂEbIB(Wh’[em]lé ag‘dwaé§ealm Urﬁlﬁc@alled CBS SYMS from Cryo

Bﬁein ygtgln‘nent A suitable systemis a Manual Seal i ng
called CBS SYM5 fromCryo Bio System It is
I mportant that the straws are open from one side and

Iln? &‘ta%tl ﬂ%}?‘ﬂ{ ét%v&shcﬁ gbgﬁfrﬁﬁl' §e sndéLQﬁdTll}‘é\i% asétgﬁﬁeq* in the other side.

e SucC a syring in order
This stownreaf ajowarir in bérslickgdiwd,a mrnge p’b@r@ﬁretq fllthe @H@\é with liquids, but

p%%n?gs ghé{?bﬁt@%&ﬁ’%ﬁ CEQF&EEI Vit & g I8%abM8ry at this end.

er sul ways of seal i ng[
cherSSLetaUIequysaifgealble thipehtl sty almsbeawéie e qiher engwill then be

F)“ased e ﬁeadsééﬁbﬁ g/{é"}? SRRk {ﬁgthé ‘I’}ﬁe)dlna&g{éqdilt |s%atttﬂ§ wall lfseﬂmn and the

s t'h | anet er
dlwn@mblsnvahll vdhcraallomm‘orf repidreepling eldbe icaatent intthe sicamt Bietlength is

nopsép ccélﬁ bdtor Jrggtlc!aflré%ghé g 5.@6%@@&?&5&&&3'@@% sé RFits in

reasons is of stan
sltamgtdwheldenstm filigeidinirogen é&!ﬂaﬂ' He s és Bmade ofplapiiflput can be made of

ar'?rlg 3 rna'i:‘e“‘al lnz[b%m@ ecﬁ?é@’ (bﬁfhzfq@ﬂ(?hlg gntaﬁeelfeé)#ér) QRPoRsNt is that

mat er i i nclu I nNg ass
th@emamay Is aaﬁe sndrig htbstansek ceabe @byorbpepbra eaﬁed; that 1 it non-porous,

nonetog?taq{o‘tgeccinﬁp@B e and no substances can be absorbed

or release i s non-porous, non-toxic, and
bi oconpati ble. 20 In the present application, the term

I%?rbey &%E &%rpéaédtﬁﬂ tr\g%{}m %Fyo}()tb% ‘ﬁér?’rd’&&e%r}hé’ﬁvreservatlon of

eria Iowtenpeaure
bTMeglcaﬁmteUalra’een leytreroely o mmpemturam rectly exposed"
used in the present cont ext nean that a 25 biol ogical
material is "directly contacted” or "directly exposed"
The terrg “dieectly eertactgd ot diréclly ekposed” ssad indle presemfecontext mean that a

bﬁ;ﬂ?@?@ Jﬁﬁen%f&gﬁ@*yh%’nté&?déﬁa |+é'r5g 3%&6%%? gf?)a . a freezngg material if
asurtacerdf theclinlbgical matetialtdnéhd medizim golutior of ranlaterrahle whighthe
zin [ h

TR AR b} n Ao oIl N GRlpS S,
vitrification of a biological naterial. In t heory any

ree2|n nedi hat, i I b ' . :
{15 o B et b L AL D
c‘.é\p)lablah:lf @ausing vitrification of a biological material. In theory any freezing media that is
cold enough can be used since the samples are not in direct contact with it. Suitable
materials include, but are not limited to, liquid gasses like liquid nitrogen, liquid propane,
liquid helium, ethane or the like.

“Viable” used herein means that a biological material is able to live, develop and

proliferate normally for a period of time.
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materials include, but are not Iimted to, liquid

gasses |like liquid nitrogen, quuid propane, liquid
whedounsa28et hane or the l[ike. 35 "Viable" used PEr/EPI904/005031

nmeans that a biol ogi cal natenaa is able to live,

devel op and proliferate nor ly for a period of

A{ch&%m{g @{&%’sggﬁﬁ\? %ngﬂ lﬁﬂgéf %é&é’t&lo é,g ‘Fc%;géa‘ij hia€erfaP(e.g. hBS

i nven '‘a vol une of at
cbilsnd)rngS:edall lms)ensumaceam dosdiBrawselThe ctosed B@ws are then exposed to

a fH&% rhac'teﬁélggl? g?b ﬁmﬁ‘a‘)@ﬁg%e%? l%%:l‘l grglgléﬁél ?Zlﬁ%fré%{ @"ﬁﬂaterlal the

cbilequmct(érgn wtrtﬁugeim)n andocan tberpbs aiosed f@r etperipd etlimagnd thawed at a later
dgﬁet %ﬁ% yed eglo@%gll rﬁatléﬂé*%%gm%( '\/Fa‘o|ef A%"i'ﬂdép;b% rﬁ% above, there is

nbatirect @n@tmt er difé ekmmofﬂhe k:@@ aml thﬁmzlhglmat@M4 Thus the risk
f?éj rec%mgﬁs i df tﬁ‘é’Bglgr(ﬁoinre%rﬁg]%oﬂkﬁgfas ¥R{BI%§ mamiHation of the

contact or ect exposure o s and the
ehmennwm@thﬂbecdh|sﬁhméedthe risk for contan1nation
of the cells (fromexternal sources) as well as
contam nation of the environment with the cells is
Tdmddlcd@gical Toatdiie obirel wgsendinvestiaardralliviog celieopealidiens especially BS

BB LR SR BRSSP0 P
deeélbpmamy Ptﬂenablyattye cﬂilag@ dfrived &l apaminmal seured inckiding a
) hrﬁwéﬁ%%?ou%e indfekl éeg r{o?!%ff'&i l%rHJchlnssﬂ?'ﬁ ﬁﬁm'aﬂ‘bhHQ'té%%uch as

I'ah” sourc ng, but not
rhenkeys ,labtoatohuatimapsudvesastssmide ansl hamsigisyagricultural livestock such

IV OBl e B R AT e v

in@ation, dinel chisraze human stam eslisdotlading hummae rﬁ%cellﬁg

enbodi nent of the invention, the cells are hunan stem
cells including human BS cells. Suitable cells for use :
Suttableretihifod uae roa diatigpd accotuing ks nventicr e BS callsios Bércell lines,

q%gﬁ(gg |y hlE%]é eiél qr @%?ljcegl llﬁ{% yl'hgg%gllsﬁg éegl lﬂ@g?f? ly D dABtamed using the

dréeeduddgrcdbedibeirdescri bed herein. At | east one of

the vitrification solutions (the first and the second
solution) may contain one or nore cryoprotectants or
Atiledtstives obtheaityifiqation solutiortss(theNost-aroihe secgrupsatition) enay sontain

el mire SHRBRe RT3 Bifies S HRBPRIERL NosLoR aryoprotectants are
dbfcoansh @referdbui &yamotncﬂantsgweimmtrirrelzmgrshﬁnking by vedusing the mole
i EiPaL oSt BBp I s Glon sk e, Jffe ity 3 rormation of
oaj'ssﬁlirm leya&md thps dégiess dw;elrfaiemmgtpom obthehyateo Jery biaydilsogprevent
{ t . .
bR e R lBediandng B nad WER ALEEE oag. sovent vater
c@lnt/dértm:te: dxtrbasllutariae ahd #d |ncretas§|ng1 gntrq{mllulaatmnmntratlon of non-
ectro non- el es _danmaes :
et Sriie BF Raafelch ek HEMab AR Cauk  ipBh bt with o
drestdtetiant, salld de nolaeatt ik isal somdentrationsr efatoadraagdd sells until they
unt i

FRgTPER Dy SRR lER) LR EER N OPgRy ver) SOWPAt such tow
temperatures and consequently cellular damage is minimized. Usually it is better to use a
combination of cryoprotectants since there might be differences between different types.
The cryoprotectants may also function as osmotically active agents. Suitable
cryoprotectants can be selected from the group consisting of ethylene glycol, propylene
glycol, dimethylsulfoxid, glycerol, propane diol, sugars including sucrose, trehalose,

maltose, lactose and methyl pentane diol. The concentration of the individual agents
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tenperatures and consequently cellul ar danage is
mnimzed. Usually it is better to use a conbination
wW®@R008109828F ot ect ant s since there m ght be diffePEHERR04/005031
between different types. The cryoprotectants nmay al so
function as osnotically act ive’ agents. Suitable 35

OhtAHREM ﬁfetfﬁga?\dcﬁr{h@@e ftﬁgn fs r%??’ntamem% %@e of 5-50% v/v such

consi stin ene propyl ene ol
agi engt Higmabpicho do agolyd@%v/v spm)ggﬁ@ fpa aboyué%r’r@ about 25% viv
0 t |
(ﬁr@?%}él'tﬁio'ﬁ%gﬁgﬁgﬁsﬁciuﬁ B%he aggﬁbc%on/{;r?g/t(?%cﬁ)ng s%ﬁlt@ﬁf-‘ R&hally, the total
qon@ﬁr\tradgrab eagentlsted@s2004y/0 98B of ﬁaémfsweieqtﬁobséfﬁsewnd solution
lé:% e?'lﬁbq'pl,héﬂnttﬁ@fnfsl §<§1 ti ghgﬁrs; Bed ﬁ%cé@&gné%l%érpﬁlay%ontam onhe or
In aran vV such rom
rmu"e mos%te@araia dhat aa@%e\ﬂames@mff%@nfe The CPWﬁ’ﬁtrég@mef thg,one or more
i f
c%%bpgtgg%{%mggrﬁhv\é//fyst eﬂs*fg Cté%‘g (g%:du%?dgga] cﬁﬁ‘ge 1ﬁé’§%lﬁ@%\"€|ﬁ§r@nt and
noomnally the mielamcmtraﬂnn(qf the. cryeretariantin ﬂa% qund &w}uﬁloaﬂs larger than
tﬁ@t n?thetfﬂ LiMpRrotectant in the second solution 5 is
ger t an that in the first solution. The first and
the second solution nmay contain one or nore

f %ﬁs@@& 5 Enhat P{ Bﬁt@e Fenlidte t@é@o&bté&é‘r& & tBdHalosEN®he

C ratiron o one or nore ryo protectants I N
aoheerfiiation obinehaldse comtringy lgdm@flerﬁndz‘grnthBéeﬁw sQluiongs normally

vﬂl{m d gfa‘?@{e frofR Sbo Y At %{ab&‘?{ it éﬁch‘-‘é%ng‘:&“ffc% :aBBUth 05 M to about

rotectant I1nt nd solufion is
Q. thrommout B.1tMéo abow0.& ¥ ﬁom@boun@al\ﬁt@a@q%@l £ Mg from about 0.3

0 %@c} I\?hfrérn%bbﬂ‘tV&EN f&.rbbohh@*.e A abss s M 1 about 0.55 M.
re ose. concentration of trehal ose contai ned
Usuatheutioss is uaed/iosimilae applicatinnss bralielosa is 8 Upiguganatyrally occurring
d%éc@llléhc% a{n?qg ?anE‘?ﬁTbglgd}g@ %&gntg%hég taﬁil?r%%lg Tq'ellu\%lo@i‘é Bn important
swbmetof @nergmand habs dgen Bhewn/to be aprienaaufiacor in fwablbzal@a@tf organisms

(8# 59 M’T} fJfg%g%F&-g? EQM; %5 %%ggﬁlﬁp%ﬁ ZP% %é Megt ggghépﬁ’ége transition

thinperiaburalof nembnanassw thet theyetenhain &1 the lliquidgrysitalsdate een when dry.
I [
WELLE B8 i By Pl BB HGproverts membrane
leakiageldsiring raklydiation, thereh prespomgaq:ﬂllul% u@bttlty MVItfer@épg;t to proteins,
[ r
tPe{ﬁglgxlgﬁﬁlgg ??%?1 §£§Q~Wto |Rhlef R@ot@ﬁ dgﬁétﬁr%tleﬁ 19 e]xblp&gg Zof water from the
urotemrfaeewhehdvmcellhare trrtbhdﬂvd@@dcﬁiaiedepr ess the phase
transition 20 tenperature of membranes so that they
remain in the liquid-crystal state even when dry.
Inienbibet embodigebbaittie inveation, tireeaygrrotectant isrpyseasee $he eencentration
r
g g bR LU PR e A EBRR5 L8 K}yl yitin a range rom
Ahiburh0.02 $p cabaud 1 M, stuehn as,, e.gf, fremaahmsutao 0asV bealous R, trom about
i nhi bi t Gl
4 ThBgRt B 3dratT aBbHER MR ML FE7 AhTcER aButiEd B about 0.5 .
fhy'dlahd)lﬂd) Z*:3[\/k5tb€ab01360 BriM,roon bleout Oidoditorahoutdl.53 Me
i nvention, the cryoprotectant is sucrose. The
concentration
In yet another embodiment of the invention, at least one of the first and second solutions

comprises a cryoprotectant.

At least one of the first and the second solution may comprise a viscosity-adjusting agent.
Suitable viscosity-adjusting agent for use in the present context may be selected from the
group consisting of Ficoll, Percoll, hyaluronic acid, albumin, polyvinyi pyrrolidone, alginic
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of sucrose contained in the first and/or the second
solution is normally within a range from about 0.02 M

wao o00abes28s 1 M such as, e.g., from about 0.05 RCT/BP2004/005031

about 0.9 M fromabout 0.1 I\Qto about 0.8 M from
about 0.2 Mto about 0.7 M fr'omabout 0.3 Mto about
gd6§el%n Y &1y %I Ial?gghf\/? afld M ééc%ﬁ@ YbluflerPmbly chhain &%I’tmore

Mto I'n yet anot her _enbodi nent

of
Vishesiiyragiusting ﬁgerats thas ase therramst orediéerenty The apcaniiakiprof the one or

nit?é t\%ﬁgé’éf?tl'?/-r C %b?ﬁgs T G YPRAHSG 8dHond F8lulibn WRA3Ye B@ame or

( second solution may conprise a
diffeserdsi t y- adj ustl ng agent. Suitable

vi scosity-adjusting agent for use in the present

context may be selected fromthe group consistin

IEp spegific @@g@@mlent ofytae inveniian, e wscoau%aﬁvﬁtmgp@ﬂwia%woﬂ The
cgbféé'n‘ﬂjg'u&f)&eﬁcé}i & dﬁet%/\@tlg@ﬂé{ Ql%?@lg@e s@&ﬂrﬁ’@&&lﬁnqgé@% most

lat1 n an cero irst and the se
ab@lltu'tﬁodﬁglﬂ%;)ﬁu@b &5 28-0 ,@zwednos?@beut 109 Bg/E) ¢ 3t they mest @t?ﬂj‘t 50 mg/ml,
2P IR ThSstldbBht B GiginNCatSRETnddt abbt 18RI of Bthe most about 10 mg/ml.
concen?ratl on oP he one or nore viscosity-adjusting
agents in the first and the second solution may be the
Iy BRE eﬁlrbodli:HefnLSIr H8nventidd) a8 g%@ﬁc%ef bdh&mRedhdBsiorfsoli®ns is an
i nvent i on e viscosity-adjusting agent is Ficoll.
afiheouscghidiont r at i on of Fi col I contained in the first
and/ or the second solution is at the nost about 150
ng/ M, such as, e.g., at the nost about 100 ng/m , at .
In Bspagie embedimestofitge ifventien, stemd) gbthe abeyermergioned method is
o Qtrﬁae nost about 15 ng/m or at the nost about 10

L} 10 I n one enbodi nent of the invention, at
Ieast one of the first and second solutions is an

Aaﬁ(%/%ﬂ)lljestll%gl géﬁ WBUId'U% ﬁ) éeL&e 2530 tnfh SREROAE BBt with tﬁl@ §tep is to promote

nti1on above- nent i oned net hod
eguilibratibn g the&sqﬂdm. mdéoanﬁ@regba{ﬁh@\gqypgr%@tqr@s §@ﬁ§ICLen'Q30perfuses

Bk B q‘i\{l%t?gst ér‘éﬁer\@ﬁ#ell}%"shl}ulh%ﬁo%ee Ciioée& ® PeYBRictvhat toxic DMSO

equi solution and to ensure that the

teo lpppr ot ect ants sufficiently perfuses, but if DMSOis
present the cells should not to be exposed to the .

somewhat toxic DMSO 20 too long. The incubation is
Tieringublatiopisropmatyopertormbd @t amit%ﬁ *6rfoma timeeresied ifigsn between 5 sec

%a%&tb‘@out 95%8!?? §e§96? gﬁ%’c%b‘ﬂﬁi%@gem (€ 05 sim, fRorfl about 15 sec to

rom a Sec rom about 15 sec
about Hhir, froth ahaut 20 seericdaut 7Z0mise Fommabebba® sec B aRqyt 5 min, from

: t
FENTOR, 047yl A g 01o LATSAR PNl s
adouu2 N0 foarabaut 481seato abedtd ;5 miroen allsgtil Mis. sec to

about 1.5 mn or about 1 mn.

In a further embodiment, step iv) is also included, and the incubation is normally
performed at about 37 °C for a time period from between about 5 sec to about 10 min
such as, e.g., from about 10 sec to about 7.5 min, from about 10 sec to about 5 min, from
about 15 sec to about 4 min, from about 15 sec to about 3 min, from about 15 sec to
about 2 min, from about 20 sec to about 1 min, from about 5 sec to about 1 min, from
about 5 sec to about 30 sec or from about 10 sec to about 30 sec.

In a specific embodiment, step iv) is included and the incubation is performed at about 37
°C for about 30 sec or less.
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In a further enbodi ment, step iv) is also included,
and the incubation is normally perforned at about 37

w@2d00/098283 | e peri od from between about 5 sec POI/EPOL/005031

10 mn 30 such as, e.g., fromabout 10 sec to about
7.5 mn, fromabout 10 sec to @bout 5 mn, from about
W stridi t Ubhotit 50%

THE Ao 8B B Mer BRI 91 85, NGl 50% or more
ssielt as.02.ghaboutl5564 ar mbrepaball®Q & mere, eboulisTh onmafe about 70% or

¢ t e &0 u C
A48Tl 8,556 800 o0 PE s AR Ld oD more o
absui 9% @i ewrantithetvells aruiaie after beingedeviirifiestand cutyos in a suitable

. " : , 285
'%H’Evé%ﬁﬁ?‘ﬁ%@%@ﬂ@%%ﬁg‘gﬁd? lr?eigh§ idgg?r?o%%ﬂr?g%ﬁbd is very
efficient and mld to the cells. Normally, about 50%

[ h . e W riinati
1 e EasiHbl lnd s figh oacieq B 0t ABh fag BRMofd Wirificaion by
& Mrethrodnacerdirgbioube B0ehi@mn. nor e, about 85% or nore,
about 90% or nore or about 95% or nore of the cells
are viable after being devitrified and cultures in a
Is aifudidreemiBdireglitiomin Assparatetdspectafithe inférton; hgoncerns a

dg(lf?l%%?i’f&ﬁn‘iel‘ﬁwo%?scri bed herein. In another aspect, the
|

nventron also’'relates to a cell, which has undergone
vitrification by the nethod according to the

Lnvent..on.. g further enbodinent or in a separate

fs?p%é’%@%“?ﬁ&%ﬁ@%ﬁti on, it concerns a

vilg eubjectingartd armoretvitoiid dibsedosinaint toi s erirpameridgyingsetemperature
U i , 5 L eifi

BRI HIR LAY 1S Glabhasr Sat b contn

af dencloserpeiraan tortbavo about 40 C for a tinme period of

w?b%@%gﬁ\@egggtoﬁg{%%g%seé)&ré‘pe cl osed straw to thaw,

of nore closed straw, Xx)
X sbpjectinghetcels cwitdisectiorthabne dr inore deeredelased israw to a washing

| : ] ' d i
PRRER B 07 B el 0% T optional 1y -
iy aptishallyr trangferting thasvestied etllssobddined frenh ste) totaefpurtl) selgtion
(?%@ﬁ%gwﬁégl ution (solution D), and xii) optionally

the cells in the fourth solution, xiii)
xipopteomally ncubating fiies celisdn thedfourth belufiorom xii) fromthe

f.urt.h sol ution. ' .

PO 4 e SRR ) o e Puaf Bo L 6Gf g soqgina the cels
arefiebder cBile, arel | s obt ai ned after step x) are ready to

use f.or atever. .our e at is desired and the
)%@tqp&ﬂ%?"\%?@berr?ﬁwe%@gﬁ%Fﬁgl d in order to investigate

the cells further e.g. for viability.

The cells obtained after step x) are ready to use for whatever purpose that is desired and
the optional step may be applied in order to investigate the cells further e.g. for viability.

Step viii) concerns the thawing of the cells. The point here is just to thaw the content of
the straw and this should be carried out during visual inspection of the straw, thus the
timing is less important. The temperature should not be greater that 40 °C but can be
between room temperature and 40 °C. Higher temperatures could induce a heat shock
when thawing the cells if they are not rapidly removed from the water bath after thawing.

Thus, the method may also - as mandatory steps - comprise steps xi), xiii) and xiv); and,

furthermore, step xii).
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30 Step viii) concerns the thawing of the cells. The

point here is just to thaw the content of the straw
w@pa409e285 shoul d be carried out during visual PCT/EP2004/005031

i nspection of the straw, thus the timng is |ess

i nportant. The tenperature shgul d not be greater that

40 C but can be between roomtenperature and 40 C

H gher tenperatures could induce a heat shock when
Thaawevitrijicatinn seltionsiniay dreipimeropretectants aidy crepiratemts HRYINg

ogﬁgtlg‘@&%ty Q@émaf‘gérﬁ&l&ﬂgﬂtﬂg age% WithUSw té)b&ty??érﬁé?ﬁily@hdmg e.g.

rse stepsx X111
DMﬁDxann) pre‘émentlally usin ergrrebalosg emﬂ K4aryse, AONS W 47 m@e@tlon The

h@%e%&q DM &O[ﬁg %ﬂsa{;&a}ﬂ@s ﬂqm%tsbluftlgﬁ BFév%Hts%é'llthf 88RpI&Y that

rot oprotectants aVI%g
otfemuise (woutct CDQQUI' by thectudden g@n’m’w@l 3 golaiian wighosly PMSO- The

p\%stegce 8V\fthg%a%bﬁé{nde9 %Ufs'fd%l th ﬁia oﬂ 'pP&/eﬁt fhe ndYEQsnii@ force from

eren se and sucrose, alone

aotmg ancbwrﬂtallnmanongh trme for5h¢1 p@ih tpaissarst thgdMBOt(pksimilar) present
revents cel | ul ar

%dze?tﬁ%{%?géngr? Slf%tlt"ﬁée?vsﬁsﬂ\%\%}gpoccur by the sudden

contact with a solution w thout DMSO. The presence of

'&ﬁg rdl gﬁf‘m[rb %ﬁ?/o? 'f&ﬁtﬁ%ﬁ réle\%n?)%dltﬁlo% hbrﬁél@r‘b%mpn%@ ®ne or more

1’ 0shD orce from act’ing and
cepugectantse for the cells to discard the DI\/BO (or
simlar) present inside the cells and substitute it
slowy by water. 10 Accordingly, the third and/or
I aspetifi¢ ebpdimenaritg ose bumpEngyerspieaiany iscsigstqedsison fae group

PhsiSBicCof ogﬁyfo%%ft?ér?a%s@n Lerodd] ofhyRABG/cof: DRSO ArBBAediol, and or

nore Cryo ct ant el ected from
ryiKiDIES thefeotmsgeealiyr@y@folgw@@e@t suarpssh &F pYdures Gla?re@,fés suitable for
ethylene gl ycol, DMSO, propanediol, and or mxtures
er eof , espeC|aIIy gl ycerol, trehalose, sucrose, or
m xtures thereof is suitable for use. The

'Ij\e Enperﬁt@attilo i ﬂI rpgprS{e}f@m ﬂttﬁ&pﬁ\’atﬁddybrtf&ﬁtﬁ ititdn i nis n8r2mally from

our 1'on 1S norna rom about .
difotiv0.ap dlito abdut SMhucbsas e.q. from abwtébeﬁjM tg aygui\g-p M, from about

G51tb s  CAH  ARILTAR g Kipto
fehnG abbut Of tHkh tatabuut @5 M frioit abaalb 62 Mdo Bbayt &4 deag dig concentration
3}@90%/'?;8&8%%2;}{1 in tﬁéttﬁﬂd @&loﬁﬁﬁ Qﬁéﬁ {h@tqoﬂ&nt%ftloﬁ BEthe osmotically

Ion IS ar ger
ddtiee agertémtheabuim salfitiarh & relevantt i l‘d@nmeguy, faetcpveer&r@ém Oi the

the fourt 0 tectant in
st el ndfe YirdXRunbh <GB! #ah nPRERFurt il Sine cyoprotectant
the faurthasoluten| iiregjevant.nan t he concentrati on of the
cryoprotectant in the fourth solution, if relevant.

In the followng is given a general descrl ption of the
Ineérfotlowingtihigiven esgeneral deseripiiamof the method of the present invention.

Colonies of human blastocyst-derived stem (hBS) cells are cut into pieces (0.1-0.4mm x
0.1-0.4mm). Up to 20 (preferably about 10) cell pieces in a volume of 40-50 pl can be
frozen in a closed straw. A closed straw has a stopper in one end and is open in the other.
After the cell pieces have been aspirated into the straw for freezing, the end with the plug
(stopper) is sealed using cryo-PBS, while the open end is sealed using a bond (weld) and
a Heatseal apparatus (Demtek, A/S). Before a larger amount of cells are frozen a test
freezing and thawing round is performed. After thawing, the cell pieces are seeded onto a
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30 Col oni es of human bl astocyst-derived stem (hBS)
cells are cut into pieces (0.1-0.4nmmx 0.1-0.4mm. Up
W 2002098285 ef er abl y about 10) cell pieces in a ROI/EP®IE605031
40-50 | can be frozen in a cl8sed straw. A cl osed
straw has a stopper in one endVand is open in the
cpw}@ ldish vt ﬁBu%A@nB%hlc%{o“e?ﬁellﬁa(KEF@eﬁﬁb ﬁ@rﬂéﬁ Blsecbils BFDoultured
awfor reezi'n nd wth the plug
ers.‘:n@ma@S&)ga andsayelthen e\ﬁlm@ed}r yo- PBS, while the open end
is sealed using a bond (weld) and 35 a Heat seal
apparatus (Dentek, A/'S). Before a | arger anount of
Adlgleresniages meitionecateeg¥. freezing and thawing round is
performed. After thawing, the cell pieces are seeded
onto a WD 2004/ 098285 PCT/ EP2004/ 005031 10 culture ,
Thhegbllawingrdenstisléoregives/ivairectipas g uitablg Brocegiures, sphions, time periods
e@%%e@@r BS%éoSor‘?{k‘% éélHeHi”EjSan {9 afd) u1@§§(%alge?reﬁing p@Fs%n skilled in

en eval ua percentages nmentioned are v/v.
tidnert frslyl vawi the diféasent; qiem@mts gwﬂa@sthﬁe aeAneRftthe iyepiipn.
sui tabl e procedures, solutions, tinme periods etc.
However, based on the general descrlptlon and gui dance
\hhrrfmahpn@rp@ema -general deseriptione art nay vary the
different elenents within the scope of the invention.
10 Vitrification procedure - general description
Mreppatiansons: 1. A stock sol ution consisting of 0.6M
Tre j A I
TG Do yloR SRR dy R Aok 86 BER, inéRiron jroife AB
Ghthgrbeng Syvedenlis 'pseppr@bar ed in cryo-PBS and sterile
filtered. Sterile DMSO is added to a final
concentration of 10% 20 3. Solution B: A solution .
2 QotitioniAng of 0. 3M 0Pk ElaylenceglvantiisTuepFEeAy) eie-PES grcbsterile
is prepared in cryg. PBS and sterile filtered. Steri I e
DMSO i s added to a I nal concentration of 20% 4. 1
of solution A and S‘@hlﬂDMﬁOBS pddeskiord wlyom@trﬁtm@fdw%
in two separate wells in a 4- 25 well plate (Nuncl on,
WR International). The plate is place at 37C
BH&Sohdibad: col oni es bfsowunlmnortﬂlﬁlgg@ws'ﬂ\/l Heshplpse aﬁdéﬁ?o Ethylene

cells, which displ @% cﬁhe&gé?rew BlFply ncf‘gt%rlreqﬁteféa

the sane way as wh I's ‘are cut or passage

usi ng an aut ocl aGserild QB0 ¢8 addedda piflnebegncemsatian of 20%
Precision Instrunments) (or a stemcell cutting tool 30
from Swened). The cutting tool from Swened is a

4 tenliof eolsticar Aand dolyliars B resysictively 9re niaced in two Beprigieaells in a 4-

‘Qf%]?‘f'?tﬁgﬂdﬂﬁ%g QR rln%?r?atghgls Gﬁ%tp%te id'fELe af8picgned for

i'pul at’i

5. Selected colonies of human blastocyst-derived stem cells, which display proper
morphology, are cut in the same way as when the cells are cut for passage using an
autoclaved drawn glass capillary (World Precision Instruments) (or a stem cell cutting tool
from Swemed). The cutting tool from Swemed is a sterile sharpened glass capillary, with a
25 degree angle and a 200 or 300 micrometer lumen, designed for cutting, manipulation,
and transfer of hBS colonies, or parts of hBS colonies. It is produced by Swemed Lab
International AB, Billdal, Sweden.

6. The necessary number of straws (closed straws, French mini-straws, working volume of
250 ul, L’Aigle, IMV ZA 475°, 133 mm, Svensk Mjolk) is labeled with the hBS-number and
the visiotubes are labeled with the freezing code (i.e. cell line/date/signature).
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and transfer of hBS col onies, or parts of hBS
colonies. It is produced by Swened Lab International
w@\Bjo4Bpd28tlal , Sweden. 35 6. The necessary nunbRCT/BP2004/005031
straws (closed straws, French_ m ni-straws, working
volunme of 250 p1, L"Aigle, I ZA 475, 133 mm Svensk
Molk) is |labeled with the hBS nunber and the
vi siotubes are | abeled with the freezing code (i.e.
Fradizing presedutes/ si gnature). WO 2004/ 098285
1P ‘Fﬂ% ggl’%q}qiﬁ/ $9 Eoféfrgge]r}in I S84 218 tRheRreH! &ind a gH38 capillary (World
celTs that are 10 be fr e

ozen In a straw ar _ ,
PrecigieTf bstretientasomaydeawyl giass ripgite (Pastpur, WV Rdnteppational).gp Solution
Instrunents) or a drawn gl ass pipette (Pasteur, VWR
Arnternational), to Solution 5 A 2. The cells are
i ncubated in Solution Afor I mn. 3. The cells are
t d .t 5. pl) of Solution B,
2 aﬁ@é‘\%ﬁ, l[sﬁel{}%gn%f@ggﬁwrgsglgﬁ?'gﬁ‘q%{ ﬁﬁwé transferred to
anot her fresh drop of solution B (25 pl). 4. The cells

327fe igé‘l%%é‘ﬁr?e‘?n tk{hsr Q%agitth?)ﬂe?r 45’22@(2@ & sE)dgﬁ?éh'BJ, Bhd Witk 25 s the cells

pr Fred’tine 10 as short as

apoandiéneed bSndiheAfresi d®poahisslutipe Br@d wiibi ng

(autocl aved) is connected to a 1m syringe

(tuberculin- syringe, single-use, Codan Triplus AB), )

Antiiheroells ateineubiatediorfiobdiond fop 26 s msimaun). Fhe pesferied time for point
i .0 (plugged end). The silicone

3%5*?%“21&%?%@&2%&&8%2@% between the straw and the

syringe. First, cryo-PBS is aspirated into the straw

i OXi - o) I ARk in-
5o G P LS ERSTUTLY (e RO B Rre ARy U g uebeclin
syehdes smgte-udee SodapTripitie dB).rwhich indumtis sondaciad odhesiraw in the end

T3Pt SPGB gl botvon v

straf-ahdcthe syringePESt( etio-E1BSsie espisated int@ heaatragsin g approximately 2-3
t ' t T y i
PG ATRPEREeRa 1L o e B ed DBUBL e

in contact with the cotton stopper, which makes the

per. s | oy ' ; i
Sy PRRELs g ahatte 13E%pS AN soR SRR uhARE HiRopigrosoope i
aekeh aokinmg a Heat seal apparatus. 10. The strawis
placed in a visiotube, which in turn is placed in a
tank containing liquid nitrogen for long term
7 hppagematdly 1ER uintair i§ ipspitatet flpwee By O&-1 caegiye-RBS (which serves as

ﬁrgx?r%ds%peper in that end).

8. The content of the straw is aspirated with the syringe so that the cryo-PBS comes in
contact with the cotton stopper, which makes the stopper swell.

9. The straw is removed from the syringe using a pair of forceps and then sealed with a

weld using a Heatseal apparatus.

10. The straw is placed in a visiotube, which in turn is placed in a tank containing liquid

nitrogen for long term storage.

Devitrification procedure - general procedure
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WO 2004/ 098285 PCT/ EP2004/ 005031 12 Preparations: 1.
A stock solution consisting of 0.2M Trehal ose in
W@eoeMBE | s prepared. 2. Solution C  0.2M Tr PCTHER®E4/005031
in cryo-PBS is sterile filterig 5 3. Solution D 0.1 M
Trehal ose in cryo-PBS is prepafed and sterile filtered
a’lrv\y]) n§f solution C solution D and hBS-nedi um (see
el? respectively is placed in individual wells in
1aAstagk|solyiipacengisinglf 62M Vighalasedn RatorBRals Preraredhe
plate is incubated 10 at 37 C. [The hBS nedi um
contai ns KNOCKOUT(r) Dul becco's Mdified Eagle's
2\vBalution Cs oYl drealase iImbnyR-PRS/SIEXDtSred) Serum
replacenent and the follow ng constituents at their
respective final concentrations: 100 units/m
3p&alution Pi §, 1M Trehalnsedm cooRBS isarepaaf Apd atﬁﬂéfsf"tezew
L- gl utam ne, 100 pM R-nercapt oet hanol, 4 ng/ m hurran
reconbi nant bFGF (basic fibroblast growh factor?
41% mitof selufion®r salvtiontd ank SRStRediumderaibelen) spefivrivyjs placed in
€ incubated
.JJ. aw;%uﬂﬁfaoe il encg@i}d%hqw@ IhtEPatidhdly arfd tﬁatpna@@ is incub

U 1 on ess toxi c trehal ose
at 671f®1 Bire 8 S mediumedoataineelKO CKIQUHT s@@lbewow@%@@ Bagle’s Medium,

m vitrif. @ r
S B 5 REIBEA DT S el s [ TORSAAS Bbnstuons
at thehQespeciive Wﬁa/k/comemtmblorm 100 dnrfté/mt pemcnlmhfo t ingvi ciop-essential
It 20 would als to use pther .
ae}l%ﬁglg:f @cmyﬁt L\'ﬁffllﬁ ;&4% rgfelic?ptoeﬁ’:ﬁg‘% f]i s519T*II tanaasnergcombmant
bBaFWEsie ibFablddt eEbwith tarctdr)pd human BS cells are
collected froma storage tank containing liquid

nitrogen and are placed in a vial containing |iquid

115 irhS&reht ti?Wagh th&NRawd Peg q&tcderﬁtHaﬁDMSOn whith vedsrusad in the
room:t enper, ature for

VBB abRIat ToEresroapLlE lessBuc 1oHabss pauPaeflq agpiativel
s St8pIsAtiPgk IeaeivitrRling wumﬁ'@ thé ﬁr@dla(@ekiduﬂ@eed‘&@ tBe cells. The
Usi ng an aut ocl aved Iloalr of s ors S P‘ #g% zfn it
concMyiEtions eal #1s0 BaValRse- ?%WVWWPM iinid %e fgficiencies.
vdulPlish Be pobaBIBes! use othe ¥ivbr@ect it @itia o Brieitnf

silicon tubing as sealing. The straw is then cut open

at the bond (weld). The air in the syringe is used to
THawingut the hBS cells into soI uti on C. The anount of

cells to be washed in the sa shou ot ex
 FoSRATAIFRVSCEORTARIp@ UTTIRD GHENRY sﬁr?a Csesi”faom? §18e tank

d&ﬁélrﬁ%hq&@h% 8% afd 8rd ﬂl&é&lﬂh %d/lal T&oﬁt@lrﬂﬁg IRfuidhifregeril
mn rmal |y romabout mn

2. The closed straw is held in the air at room temperature for 10 s and is then placed in a
water bath at 40°C for about 2 sec. The straw is dried using an autoclaved “all purpose
rag” (allduk).

3. Using an autoclaved pair of scissors the plugged end of the straw is cut open just by
the sealing. The straw is attached on a syringe using a piece of silicon tubing as sealing.
The straw is then cut open at the bond (weld). The air in the syringe is used to push out
the hBS cells into solution C. The amount of cells to be washed in the same well should

not exceed the amount contained in one single straw.

4. The hBS cell colonies are incubated in solution C for 1 min. Normally from about 1 min
to about 20 min.
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to about 20 m n. WO 2004/ 098285 PCT/ EP2004/ 005031 13
5. Under a stereo-m croscope, the hBS cell col onies

wae@4peeassferred to solution D using a gl ass PEPEP1084/§05031

(World Precision Instrunents) ?r a drawn gl ass pipette

(Pasteur, VR Internatlonal) 5 6. The hBS cel

colonies are incubated in solution D for 5 mn.

Normal |y fromabout 5 mn to about 30 min. 7. Under a

5s Uadera steracovinngasope e hBS celb FPloRigs arf Bansdgrsed to soluition D using a

gHﬁ%%ﬁ{)lﬁ%ﬁlgﬁ/Jﬂg Ii}gﬁsﬂﬁ%éﬁﬂh%ﬁts')‘ Gr alipa\ﬁh glas Flp@ﬁ@'(li’és?él)f VWR
rid cision I'nstrunents) "or a drawn gl ass pipette

IftPemetienal): VWR I nternational). 8 The colonies are

within a few seconds (>5 s) transferred fromthe

hBS-nmedi umusing a glass capillary (Wrld Precision

61 Mse hBFmell splopies arel ingupated mltﬁiogséi/ fas 5(pias Netmally\jgge gout 5 min

tional ) and are seeded in a culture dish on top
tégs&hgﬁéh@nbryonlc feeder cells (MEF). 9. The culture
di sh is placed |n an incubator for further

fﬂb&ér\’é‘g Y- mictOs o Utﬁ@ﬁ 5 W EBiopies LROWLAGe &8 RVSES-medium using

er VI rifica and eV|tr|f|cat|on human BS cel |
d glass Gpdiay, (Wcmcgare@lszm ImsiEumneryS & Elrawy lgsselipette (Pasteur VWR
%}&%Eghaﬁ tion and devitrification, hunman BS cell |ine
5 Figure 3: Thawi ng recovery after
vitrification and devitrification, human BS cell |ine

8@29 Plloﬁ‘eg lé?@gialé%) felvSkco edéqbﬁé trﬁ?‘?éf@ﬁ‘@di RO tRE h@@%@dlum using a

ul tur on frouse enbryonic feede
gmlslcapgllalsft(V\mrlcU?repl@lomlmstlime@&t)u%ﬁ dragn plage pipelfe (Paster, VWR

I@A%Eig%al M@é%aéeeﬁga m‘é’hﬂﬂh‘n%eéh I%Hg&?oﬁ%oﬁﬁ émbhﬁﬁlc fe?]der cells

ured on nouse ryoni eeder cells
(MEF3t passage after devitrification. Figure 6: Typ| cal
nor phol ogy of human BS cell |ine SA001 after
devitrification cultured on nouse errbr%/onl c feeder
& @he suiture pligisia giaces in &) incgealierdgefrBel g)itivaigRsage 29
(©, and 35 passage 35 (D). WD 2004/098285
PCT/ EP2004/ 005031 14 Figure 7: (A human BS cell
Kguesy [pl9], (B) SSEA-1 [p3l], (O SSEA-3 [p3l], (D

@FA 4 RghL: TEH ' $kifidZRon Lndthar B3k line SACO.
F? e&?‘ L‘%‘f‘%é‘i‘fﬁpﬁé&&ﬁ%g@f%dﬁ gurleI nKar yot ype,

cell line SAO01 after vitrification 5

Figure 2: Thawing recovery after vitrification and devitrification, human BS cell line SAO0Z.

Figure 3: Thawing recovery after vitrification and devitrification, human BS cell line AS034.

Figure 4 (A)-(C): Typical morphology of human BS cell line SA001 cultured on mouse
embryonic feeder cells just prior to vitrification.

Figure 5 (A)-(C): Typical morphology of human BS cell line SA001 cultured on mouse
embryonic feeder cells at the first passage after devitrification.

Figure 6: Typical morphology of human BS cell line SA001 after devitrification cultured on
mouse embryonic feeder cells in passage 18 (A), passage 23 (B), passage 29 (C), and
passage 35 (D).
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Figure 9: In vitro differentiation of devitrified
human BS cells (SA001), passage 29. (A, Q

wo do4pef2ss i n, (B) desmin, (C) a-fetoprotein, (BE)T/EP2004/005031
HNF-3,? Figure 10: In vivo differentiation of human BS
cells (SA001), passage 19. (Ai Endoderm 10 (secretory

{ t I
FERE AGh) Hifhan %%) e{l_{%%%%g e @Sé@%)[pm(]%)@fém@ 5811, (D)

S§EAa4/\{p[3ﬂ]sﬂé)'élaAﬁeﬁSO mebifhwﬁesﬁ [neanfcﬁb@c‘rr% [ E{HRALP [p31]
illustrated in the foll ow ng exanples, which are not
intended to 15 limt the invention in any way.

Flgwean@l iargotype, refl lioa B8A6A1 efterhiigfieadibis Two sol utions A

and B are prepared (Solution A: Sterile filtered 10%

Et hyl ene glycol, 10% 20 DVSO in Cryo-PBS; Solution B:
FRtes 91 /o vitid diieredtigtic@Mf Tewhilied semap E%"ﬁjﬁéﬁ@ﬂgpw@ge 29. (A) B-

e oni es of human

“%R’as %é%ﬂ@g@@gﬁg@ GHNv\ﬁi@'}();h di spl ay proper
nor phol ogy, are cut in the same way as when the cells

f . . t
Rl T e TR Hiop BF A THE B aE P P e 18! (W) Fldoderm
(seerdtonyiepitesliust) o(B) Mdézodatio (carage)0(C) Betederm. (me'aroactﬁﬁerm?
size. The cell pieces are 25 incubated first in 500 I
preheated (37C) Solution A for 1 mn and then
Figusen $ 1 :eByriade with 26closedstaut prepared &erdraezitg@bat ed for 30 s
and then transferred again to a fresh drop of Sol ution

B and incubated for 30 s. The volune is about 40-50,
T invabtiart is Fortivarlilluspatedds therfellerspg exaraples.iwhieh aresiat ifended to

|,&tg§ ﬁ]%g\?t[qg'rlg\éb%n A ication and the straw is then

The straw is plunged into liquid
nitrogen. 30 Exanple 2 Thawi ng of vitrified human BS
E%?l I§ 1\/\/0 solutions C and D are prepared (Solution C

filtered 0.2M Trehal ose in Cryo- PBS.;
\&nifimhtlon obhBSteglisl e filtered 0.1 M Trehal ose in

PBS o 0
e R e T L
mmmecma PBRBoSIutidh BeSteripifigered)0.3) Trefrabaasd 20 YodrihylRee glycol 10%

skt RigrEB9 55kt oqbliRs Rt hitah Bipefs @lorki 8 Blem galis which
digplagrprogarimdrphodlbgy esecuindﬁ)e sam@vaag@mn @Igsgg@[s are cut for regular
pg%§5$%4é%%§rg$ t%BIa(g’ efhe84ns ﬁ’rﬁgrn'aﬂorgél e%,ﬁ(ljéf 98%&en). The

parr o SCI SsOr
oelhpleeas shquis bedbomtto mmmmtmeosm 4w it @zgdl hetgell piaces are

usi n e The h S r e i n

"Pﬁqt?ageﬁafgﬁdn Prﬁg?%tﬁggﬁoﬁhl Ort] fb‘a{ﬁ err egd Er%rné E%' sferred to 25
nl 8bUB6h Btdr@ﬂn&b%% fongo b@ha%érﬂfarﬁféﬂeﬁi agdimtbes frash drop of Solution
stero-m croscope the hBS cel

B and gubaied, fos 3|Q§d iThevalegeis, @%mﬁ 4%0 eO a,&bouq 1o ce|l %leces are aspirated

into a straw prepared for vitrification and the straw is then closed with a bond. The straw is
plunged into liquid nitrogen.

Example 2

Thawing of vitrified human BS cells

Two solutions C and D are prepared (Solution C: Sterile filtered 0.2M Trehalose in Cryo-
PBS.; Solution D: Sterile filtered 0.1M Trehalose in Cryo-PBS). Solutions C and D and
hBS-medium are preheated at 37 °C. A closed straw containing vitrified hBS cells (about
10 cell pieces) is removed from the liquid nitrogen tank. The straw is keep at room
temperature for 10 s and then quickly thawed in a 40 °C water bath (within seconds). The
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5 seeded in a culture dish on top of nobuse enbryonic
feeder cells in hBS nmedium The cells are then

w@edosi9ess (i ncubated at 37 C) and the nunber OPCT/EP2004/005031

est abl i shed new col onies are _counted and passaged in
order to verify the viabilitylef the hBS cells after
r. C T v | n
PR Hh B30 s o R bbbt conn
publieed oufritpm th‘e sTr@M/JJG’(D%ollllt@n Exasing & sgringe: MheinG& ¢ aéﬁ]kﬂ’CUbated for

’Itrlﬂ %?O Hcﬂ% 3%8-842 &gﬁ&é@to gi@golﬁﬁwma:ﬁgmb%d for 5 min.

Under afstarc-naicndscdpevibe hBSI detniasgs atehevigldy, Bk ia hBS medium and then
I r t

SSE3] arolutle PR e flee FEMIE eRplr B Bt The ool
a‘reémarcwaneus(mpwmte@st 32[C) ayul thaingmbeepikestatlished aew galgnies are
PR i e Sego B R LE N I, ke 8 i ISR B fuifcation. The
réchvep) aiyiiaiie eglisrfolmwing thishBSfdrd anchibepingl Riggedusesiistneemally in the
rnh@%&rﬂf)i }38 cell pieces originally vitrified, since

ese cell pieces can give rise to one col ony.
Three straws were prepared and eval uated per cell |ine
I%’“l%- h results are presented 20 below for each
u ual straw, showi ng a recovery of between 40%
\bhﬂldhﬂ)irb%andctlhawm of humen BSoellBSingIclogedrtaws002
@AéSngTgﬁ%cgﬁ linSs"ENGEY E‘:z)h(1§1 gelxr?d SR 8]‘@'\/@@ wtr%f%/d]é%d?tﬁ%Wed following

rect conparison be osed stra

tb@gmcpdhﬂeei;éssmbeaiws Exarmple B8 angrtske(g@éh@urs iaifter gasming in culture

eg rohtéé' %@Q%P&&?@gaéé?léeﬁﬂhh%%@eélr?{ W@re Arluated and

anpetedpThé ﬁrwmmtg reesvene vas galedlaiad asphe aiaticebetweera thesugnber of viable

tﬁ%\&ea%goloh% fCQ anr?@%u:y PIER %ég%%teﬁ:nfor@ﬂ%%hb Y RGRBer of hBS cell

dreaets\origingliy vitrified ssiadet mchszééfmbaeg:eil piecas tan givdirisade opg colony.

505 S B 2P R el R BT Rr renid

b@@mﬁfreﬁch\mMmJatstraw,escmowmgteh_[ecomry of betivaee #0¥%hend 100%.

CelT pleces orrgrnally waobpiied. Three Straws S\|IS

prepared and evaluated per cell line a,n_d_t_hg_y_gs_u_g_s_—___
Hrawingrasgesiyed bel ow for &Ath individual straw an®®

show t he achi evenrent of oBf@i ni ng nore WO 2004/ 09§/885
PCT/ EP2004/ 005031 16 1010 o5

Example 4

Direct comparison between closed straws and open pulled straws

Human BS cells (cell line AS034) were vitrified and thawed following the procedure
described in Example 1 & 2 with the exception that open pulled straws were used in
paralle! to closed straws. Notably, only approximately 4 BS cell pieces can be vitrified in
each open pulled straw. Forty-eight hours after seeding in culture dishes on top of mouse
embryonic feeder cells the hBS cell colonies were evaluated and counted. The thawing
recovery was calculated as the ratio between the number of viable thawed colonies
(displaying appropriate hBS cell morphology) and the number of hBS cell pieces originally
vitrified. Three straws were prepared and evaluated per cell line and the results are
presented below for each individual straw and show the achievement of obtaining more
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viable cells fromeach of the closed straws (in
absol ute nunbers) while maintaining an acceptable

w0 ewewe2ys Human BS cell |ine AS034 Cl osed st rBUEEE®e4005031

pul l ed straws Thaw ng recoverg 6/9 4/4 6/9 2/4 6/10
3/4 Exanple 5 5 Conparison béPween usi ng trehal ose

A STl UL L (PR O AR S

aecemmlefreﬁdvew ng t he procedure descrl bed in Exanpl el
- - e 2P Fxanple 1

O C e C G o)

the Vi t r |"f| catl on md@wwtgn fi mén@nlleme@trawe

Tn@ ation as

seedi ng

cells the hBS cell col onies were eva% ated and
counted. The thaw ng 6r/?e‘?:overy was caltl at ed
(3'“ UI petween the nunber ol vi abl € t hawed col oni es

i spl ayi ng appropriate hBS cell norphol ogy) and the
Exammle Sof hBS cell pieces originally vitrified. Three
&Le dfisd) B&wdyn%ﬁg@eﬁﬁ%s@%'d@c@gs@ﬁfth@q}lirlfidaﬂenQﬁé’dlum

ts are ented below for each 15 individ

HumamBamglls EQ@M!“Q Baf 21)rwerpivirifiegsand thawed §MOI{°&‘"%t¥’ﬁcPr°°edure
RsOMdd lﬁ%ﬂﬁlé Lgr ﬁllq | ne%}f{oé@du@déiﬁh@é fsBxasle 1 and 2 with

Sucrose Tr ehal ose Sucr ose
thér @xsbapdion é‘cawr@hglosef wasumi B/the vigificgtionsancydeyjittification medium was

E@?Pg& E%QU&Q S COH Eérﬁém&é} &Héaﬁt%% ¢ uekd I't#rma'hai%@e 0. Forty-eight

I Ng e vitrification nedium
B8 aftérseediaglin tilives dishaar tqn@f@wsﬁﬁmb%@"%fﬁ?dﬁh%&he hBS cell

Jo?c%r{q&v\%elr% dvBRia @d%\%d(ﬁﬂlﬁteddﬁﬁ fraie r‘e@o@@mh Qaltuldited as the ratio

e exception was used 1n the

heitweérf treatunaher ofrddbla ﬁha(vm@mmeq@rﬁ@)awng PP Gt PRCH!
rF&{gﬁ\X@S%QJd HBWLFhLRF Bleﬁ %%IQQBS‘ d’hg‘ﬁ*\ﬁll? Vﬁrﬁleddﬂ'ﬁr'e%%t@{hs were

enbryoni c
wepanil @@dmalgaed:ﬂeu aelblmeaami the re%d&e@jprew@e@ Ps\s%faf each
ver I t
|F1(? g@ U s)fﬁ@‘()@e?nqgﬂlo% tﬁét?ﬁgﬁsz oﬁs%ﬁpée% é(e%lnggl) \éb‘sl‘?{]c‘)gé@ﬂﬂcant difference
mbwe@puslagﬁehasse:emd Suﬂm%ﬂlol ogy) and the nunber of hBS

Trehalose Sucrose
Thawing recovery 5/9 8/10
8/10 5/10
6/10 9/10

Example 6

Vitrification and thawing of human BS cells using Ficoll in the vitrification medium
Human BS cells (cell lines SA121) were vitrified and thawed following the procedure
described in Example 1 & 2 with the exception that Ficoll was used in the vitrification
medium (Omg/ml, 10mg/ml, and 100mg/ml). Forty-eight hours after seeding in culiure
dishes on top of mouse embryonic feeder cells the hBS cell colonies were evaluated and
counted. The thawing recovery was calculated as the ratio between the number of viable
thawed colonies (displaying appropriate hBS cell morphology) and the number of hBS cell



17 pieces originally vitrified. Three straws were
prepared and eval uated per cell line and the results

wae@4pvesent ed bel ow for each individual strawCIZER®eH005031

10

15

20

rtes@ r@wsentqdq@lwmnerammdw&va $HERY-um Human BS cell's

straws Human BS cell |ine SAl Fi coll concentration
Ong/m 10mg/ M 100ng/ M  Thawing recovery 5/5 7/10

;ﬁéé‘e@ or@;{r%";ﬁ(/lmleﬁl %Qree@ér;\gs Weﬂ@prepgﬁé@"ﬁﬁd%vgldéted per cell line and the

arirson t ween usi ng ferent concentrations of

leecn:tnlcemtréth)at trehalomﬁmwas used i momgmnldl ffer ent 100mg/mil

copcentr gfn ons / QI\/I gnrl n

Thavwing {9S8Y§%¥n sol ut i on /FséTGivfoh"BS"C”’\’/ﬂEEwcius 10 m 810

trehal ose was used in gmlution B, solaitd on C contai nedlo
0.2 Mtrehal ose and sol,i:belon D contﬁﬂgd01M
trehal ose. When 0.5 Mel/ hal ose was é in solution

B, solutrton C contalned 0.4 Mtirehalose and sol ution

D contained 0.2 Mtrehal ose. Forty-eight hours after

BXaaPl8f i n cul ture di shes on top of npuse enbryonic

E6RP8ris6f 'bb@wéé}?uﬁﬁ§ différlent 6OMETHtRRIONR! ST tRdhRlloEH iMGhaNdtrification

counted. The thawi ng recovery was cal cul ated as the

ma@lnuén 15 betvveen t he nunber of viable thawed col oni es
n%nﬁ’ b@/éeng g?éﬂﬁlhe A 12 PwBBSitARdd andPERBA FQBYIN d@'ﬂd prédure

pleces orlglnally vitrifie

‘i@ﬁﬁb%ﬁ lél E@ﬁpﬁ@ il Sep véh the sxgepian Baktrlgse deghm different

glenﬁfétﬁ)% (U\@Nﬁar{be@ §9IIV) [FBfle sddURSitBlic=A0R sBRItien (JRRABIIWhen 0.3
eval uat ed line and the results are

Mrt@é\@ﬁ@&v%éﬁédﬂﬁ siLiiaadh soluian & GRAInad § AWM tefglose and solution D
6&§éh|1éd50 51 haWehbigke. QNﬁerM) 'Brl\ﬁ h@hélé@e WHS §8&dini é@ilhtlﬁn%i‘%mtlon C

to work better 20 than O. M trehal ose in sol uti

eantadiordB-40d tehalpse pad s@ww [ gartaied Oeh M tb%i‘@'%nﬁ?'ﬂ'%‘ﬂ@t hours
Yo U T% in éﬁ'lﬂﬁ@glsﬁéé g'ﬂf‘ WJS@%MM& feR8erstlid %@ﬁ% cell

SA002 ehal ose hawi ng recovery 6/10

Q@mqsl\)velﬁwl@;t@aw q@nggdgThqﬂmnngrchmg\ﬁs og}oglaﬁcgas the ratio
RO IeB Bntrf (1aBlehdwed colonies (displaying appropriate hBS cell

morphology) and the number of hBS cell pieces originally vitrified. Two separate
experiments using two different human BS cell lines were performed. Three straws were
prepared and evaluated per cell line and the results are presented below for each
individual straw. The results show that 0.5 M trehalose in solution B seems to work better

than 0.3 M trehalose in solution B, although both of the investigated trehalose conditions
work well.
mTrehanse 0.3M 0.5M
Thawing recovery 6/10 8/10
(SA121) 5/10 9/10
6/10 8/8
Thawing recovery 5/8 7/8
(SA002) 6/8 8/8
717 57

Example 8
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Exanpl e 8 WD 2004/ 098285 PCT/ EP2004/ 005031 18
Ext ensi ve evaluation of vitrification and

wa@leois098283 cat i on procedure using closed strawsCT/BEP2004/005031

order to evaluate the quality_gf the vitrification
process |large quantities of hdflan BS cells were

E\é&(%riénflé Sfal&?ﬁoﬁj SFGﬁnllﬁéﬂldr{‘ar?(W{rﬁlclatl@hWSQ\.eéﬁretJH' ﬁ%glosed

erent occaslons usin ree different human
stws | i nes (SA001, SA002, and AS034). At each occasion

%%%6% %\?a‘f@atgvﬁ{e %L)Qfl f)féfftllm Qtrﬁlﬁé’(mne;ﬂs&s%%ﬂge uBRtitidsi A3 itiman BS

raws eac om o ese bat ches were
qet}mWewﬂ yitrified tastdegcriorslintexamipled! @weg atthrea,diffefent occasions using

tﬁé@%&e@er& h%n%%ﬁ)s @é‘lfihneéeigﬂﬁ@‘l 'S’AO‘@)QP%@AS%Q' Ah@éch%bcgsélon >100

. The nunb of
sctrews welrey Wiprified ieom mfeCQléleaefé!gbfriQ 1@r$értawﬁtetaﬁb i of these large

H%rtéweéf\/\%?ﬂa%qjogﬁpgelgét&ﬁ o%ﬁﬁﬁleﬂfllﬁeg@édnﬁéé inOxdmRpIe @Oé%%) and

term ne n eac results are presen
serdéd ipurepsrated disheriorstopanf anasise wmiKyANiGieeHer %Gt"ﬁawegmbef of hBS

crelll%ﬁm{p% tﬁéﬂp&ir sg&?ed:gnluc! th‘épét%hgé ralﬁéra%bb%ﬁgld@éﬁdy}éd appropriate

ssag e accor proce ures and
mbrahdogsewas delterrﬂmadm ea d.Sﬂ T‘Ehsur@wltsms? prRseBigg ipfigures 1,2.and 3

e{?ﬁ%ﬂw@fﬁ‘atﬁe@eh Qrgmpn% t@vaa%‘;e Q’Bé Ebif ddicHie Ltha®BGbsequently were

ology o human BS col oni es
Haseaded amerommm)tarm@fr@p@cedursfs and ghargaterized.shown i n
Figure 4. After devitrification and seeding, viable
colonies proliferated and displayed norphol ogy
Exenplet9eri stic for undifferenti ated hunan BS cells

I t
T L
Typinaesenthatdgyef i usnamBBsatonies (e¢ding 1BBetose vitrification is
g-g)b/%% %E; ?éog &hﬁb?mwr% fa@ca éﬁoese%dgﬁog‘gbl%r c,%%éog r%hf\é’?ét@d and

tai ne [l ne
msnlayedhnmpholoﬁy anietefigticXsr Sudiféerguiinied blﬂmﬂl&@tse@'lﬁ éﬁggrﬁ 5).
SlagPAVRRy ceES o BB b i g
mrbedzdw'émar‘rdjlrwresBStamee ilissteatiops of Bleyhumendi@ pe'hﬁ‘dO'@!P% preaghown in

ﬂ‘d‘reggév %@%Wetrg bl He‘&%oﬁ#*rﬁém%%%ew ihd Sf'\b tah&’la\8034 (data not

I'on process, I's su Jecte
$hmwn¢xten3|ve characterization. This includes analysis
of surface antigen expression, 30 karyotyping, and

pl uripotency tests in vitro as well as in vivo. The
Exanplesitbel ow were obtai ned using human BS cell |ine

SiestrulP EnfiaBlerRato i sy matES sBUs S ARER K Vil Hon and
denitrifichation de blosedadtraswsii ni ng of undifferenti ated hBS

I%eolrcljg’r to verify that the human BS cells completely recover and display the proper
characteristics after the vitrification and devitrification process, the hBS cells subjected to
extensive characterization. This includes analysis of surface antigen expression,
karyotyping, and pluripotency tests in vitro as well as in vivo. The results below were
obtained using human BS cell line SA001, and similar results were also obtained using
human BS cell lines SA002 and AS034 (data not shown).

Immunohistochemical staining of undifferentiated hBS cells

Devitrified human BS cells (cell line SA001) cultured on mouse embryonic feeder (MEF)
cells were fixed in PFA and subsequently permeabilized using Triton X-100. After
consecutive washing and blocking steps, the cells were incubated with the primary
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35 Devitrified human BS cells (cell |ine SA001)
cultured on nouse enbryonic feeder (MEF) cells were

w0 ooeaios28s PFA and subsequently perneabilized uBCTIEP2004/005031

Triton X-100. After consecutiyye washing and bl ocki ng
steps the cells were incubat with the primary WO

6&%@5@0&@ éggggéfeggéggﬂdarylgnt%ﬁieﬁ Q\Qa\l‘e %@@sequently used for

I Ca second ary anti bodi es were

@m@q@mﬁ myclw@cne figralizad by QAR stainipg HgAdvityefalkaline
P
%ﬁgﬁﬂgﬁ Lk@(( K@é de\’g\e/;ﬁsrﬁ’ﬁcflat dééﬁhr% d B&nﬁfé?dlal'atvﬁllé?ﬁe Rit Kﬁbwmg the

usi ng a, conmer

Iaatmqtlam @dk:atedftxyl the wangfackuser Q&ma Réiagnesiics; ﬁmcléa@lgw Sppden). The
%%@gg@ﬁ%gﬁté{ icH B ha %mérfbﬁne§§SQHHIE§L|eﬂ1W|thln brackets in the

passage nunber whi ch each analy
figase [pOENS Enfpiguries? . iAsdiusinetad IWFIQIW‘?] 7pihgdRBtS %hﬁthh@t “the human BS

ééhlgldfs F@SBQ \’eostgh&iérf& §SE/§\% islsEWsA, rTCR@d GOnTﬁAG’ﬂ-W @et-4, and

tss human BS ‘cel | s di spl aye
N3 end th;et thexiweire geg@iwesf,@@&éé 13sEepacted for undi en“ﬁi@ﬂ Ruman BS
65% , Oct-4, and ALP and that they were negative for
-1 as expected for undifferentiated hunman BS
ceI |s. 10 Karyotyping Devitrified human BS cells
ggg/ﬁ 001) cultured on MEF were incubated in the

of Calyculin A and then washed with cell
Bg\}'ltrmﬁe@ humeh B$ cetta dinecFA W\ eultured pn MﬁFewewncubated in the presence

A Jidocﬂﬁﬁﬂlgﬁlﬁéc?(\ﬁ% HSi QBurd rl%ﬁ‘lgl'n FRE cgligwtr collected by

cet C acl ronosones were 15 visualized using

eentrifypation-anddixed usingictiang! arz%glapuahmeﬂaﬁ@é The mrngéOT@es were
\tnﬁ%hE&?Hélﬁ a%@ﬁ&’ntcﬁ sa SBRfiI%. %rlﬂ-‘usrt‘r‘été&qﬁ ‘F‘?g?uﬁ‘@'Bethe results show that

om)soma orma tres 1n the cel oW n
thieter wereowm dedectable @h@mnspmaf EMF@N'%HQ &f@s%ellswlw f@@éﬂtﬂflcatlon

g apalyzing the telomerase activity a
%gqt #A@% Ef‘gﬁ{)r?erase PCR ELI SAPLus kit (Roche,
Basel Swi tzerl and) was enpl oyed according to the

F,Lgcg instructions. The assay uses the
erna |V|ty of tel onerase, r&pllf

rcmmtzlrwh@@vraer@se actidity i Flo TAGR He@meéaﬁ@y%R| BLARAT ® kit
<Na g,g%%ep@cy&ltz part a\éagl tnrﬁlﬁ%yed%l‘alr@i GRd hajnbfé%turéﬁoﬁ%tructlons

I catl on culture on
ﬁhmsssas'mseym intefrst detivity of feloraerasesanapliéying fhecPradigh by PCR and

B&Ie [if\with ?rg {ehié)n’ié’ %@nggnﬁjﬁb%%ﬂ%s% EA_.\{SA)’ Hu4MBS5 cell line

corre their
SAﬁ@'f as epdlyzdadraftanidevitrication aric ¢Udiutﬁ 917 mouse Eabryeniq fgeder cells and

| [
Alodfioh SRL88 B b RGBSR S cfctes win
theitebfiA0D Hivide indefindtelyfieicuédfet o suspensi on cul tures
using the StemCell Cutting Tool (Swened Lab,
Got eborg, Sweden) to allow the formation of enbryoid
bodire gifferentiation

In order to investigate the pluripotency of devitrified human BS cells, undifferentiated
colonies from cell line SA001 were transferred to suspension cultures using the Stem Cell
Cutting Tool (Swemed Lab, Géteborg, Sweden) to allow the formation of embryoid bodies
(EBs). Subsequently, EBs were plated in tissue culture plates and spontaneously
differentiated cells were subjected to immunohistochemical evaluation using antibodies
directed against g-lll-tubulin (ectoderm), desmin (mesoderm), a-fetoprotein and HNF-38
(endoderm). Spontaneously contracting cells resembling cardiomyocytes were also
observed (not shown). Taken together, these results show that human BS cells subjected
to the vitrification and devitrification process retained their potential to differentiate into
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(EBs). Subsequently, EBs were plated in tissue culture
pl at es and spontaneously differentiated cells were

WG ivpee2esl t o | rmunohi st ochemi cal eval uati on uBCTIBP2004/005031

anti bodi es directed agai nst Z-I [1-tubulin (ectoderm,
desmi n (nmesoderm, a-fetoprot Pn and HNF-3/3 35

Yoe | I RBotent
&aﬁé‘%‘bﬂ&e‘ﬁll% %QHFe%%@#éAt ge r@gée;{eséégd\?ﬂo p%‘s ﬁ@% g&@# ufifotent).
Tthegestitsrare illvetated ésbigt 8. show t hat human BS cel | s
subjected to the vitrification and devitrification
process retained their potential to differentiate into
In@veclitiregedies PCT/ EP2004/ 005031 20 cells
h? Spcfe(?stc? Fﬁ/b%a‘@ﬁxeﬁhrfp%téﬂc fo?ag\ghtrlfl&? ﬁﬂﬁnbﬁﬁg Sells Nundiffdrentiated cells

uri e results are
(cel lm Smo@tu) wnrer'gglcelly piacw woden theckidnry eansgle of evere combined
lr?l%%'b o%%cneﬂf’ f%%lbg 8 Rk WO LEEH e@fagtgreg'v&é'e'lé 286 tumors were
ferentlated cells I'ine
@%@Ote)j anet fixeslun g?FfalHlyolpg@ele@vayedlgn of Hﬂéﬁ@fﬁ@(ﬁ@ye@%@§tﬁl@d paraffin
S%Ctl(%%v\?lgg p%f)f[mﬁ %ﬂdWGe%ﬂﬂn‘é'tﬁQt r dﬁn’cg)of MisEes d&ved from all
were sacr i ce after tunors were o
tUHeSWImddy&Iﬁ.dASf illusichtédinFioare AP shumary B§aqell@§abjgg{§d & thes vitrification
r S

Jﬁ%n&vﬂmf%étlgn ep%%e@s%{at%’ir%@?tg?%p%gnlu Ietopgﬁgfésﬂgﬂfg%te% cells representing
the fveegifiderit gedn fayera inivivo1e.t theg cergainmluripptand).  As

illustrated in figure 10, human BS cells subjected to
the vitrification and devitrification process
A genénabthethed forestalishment of ¢elis thawandiecusead ip the|vitsification

rgggg&l%ntl ng the three different germlayers in vivo
F{ they remain pluripotent). A general nethod for

est abI i shnment of cells that can be used in the

' r L f

e B B 2R DU e Pt it
InRGIhapmication RETskesas \WA PYASPAH (tsthedams mlloammsﬁggzluly 2003,

Y.

t(ehgft%rrtﬁgﬁi?ﬁtygﬂfé 6f°cﬁé pe]esgﬁtrlé\geerﬁlph a %@%%Iieowbthgd Sfﬁ]; és‘?%tfhshmg hBS
aull$ sodkbsicdbeds $t abé asfechgf thBSrea@Ot ipeention; theceds emplayed pre obtained

S S5 ESARE5h AR Bl nSabb s e

03/ 055992, which is hereby incorporated by ref erence.

heg nﬁ%@?& %sgétfng@h&g[dnﬁ&eﬂ ?@%%ﬁ b@g{oﬁ%l el stem cells or cell line

ffam tai fertiizst mmy;etwmrspst@eﬁ%dwd steps of 25 |) u3| ng a

fertil d

Ol SRR o e b tHal Y 8 97 3% sy Sstocet,
or oBtlonall)/ hamngalgradgA@rBhe bl ast ocyst with feede_r

c eI”} C(?Tglé Lur@éftﬁ%blagﬁg}% ggﬁea Aer ggl[sﬁfgp Qéﬁtgﬁlsﬂﬁwgﬁne ndésrﬁgcﬁ'é colonies of
celiireer byl nasinaeﬂscal di ssectl on, 30 iv) co-culturing of

t he I ! %@93?3 inner ce%l r%aes!sl &b Iﬂwecﬁgﬁ%%l a‘fs%lel:ﬁo fo obtain

|v) co-culturing of the inner cell mass cells with feeder cells to obtain a blastocyst-

derived stem cell line.

v) optionally, propagation of the blastocyst-derived stem cell line.

As a starting material for this procedure, fertilized oocytes are used. The quality of the
fertilized oocytes is of importance for the quality of the resulting blastocysts.The human
blastocysts in step i) of the method may be derived from frozen or fresh human in vitro
fertilized oocytes. In the following is described a procedure for selecting suitable oocytes
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derived stemcell line. v) optionally, propagation of
the bl astocyst-derived stemcell line. As a starting

woraioensBs f or this procedure fertilized oocytBSI/BP®04/005031

used. The quality of the Eirtilized oocytes is of
I mportance for the quality of he resulting

& L?S%tll'q ‘éXﬁetﬁ%&— Qgc \E@W? BhRB506Y i Wad fbuﬁ& %t 'a)w iPboftdlf success

romfrozen or fresh human in
criferipo forftbe prasezematblodyq @propphseledionaifoeqitag Thys, if only grade 3

R i e e A

reqtireoenicciescribey baov03ds 085992, It was found that an
i mportant success criterion for the present net hod IS

a proper selection of oocytes. Thus, if only grad
Dooeteddeeshrfertiizasl oanytest B dey O5a® PPRIL isaspiBlesii "h ASB- 180 (Vitrolife),

?5?%@?4&3&’ {)%’I ‘L \%I(/Fl-sdoi (glﬂroli %‘? 'ﬂ‘?enl%ﬁﬁ% d &G fseé%fﬂfafed based on

Donat ed resh fertilized
nuzrplyelegy amhcelbgivision e dewdyTike foowingiscaleds uped s frrtilizgd cocyte
e%%!u%ﬁéﬂ' fe), and fertilized on day 1 in |IVF-50

ol'ife). The fertilized oocyte is eval uated based
on norphol ogy and cell division on day 3. The

Lt t
A4 Gk £ U5 Rlr] St ooyt e
Grads Rdemtilized easyfer é@%rfw@mﬂsade 2 fertilized oocyte:

<r%8e/°3, ﬁ%%g&%y? ggg% ﬁ{etnlté i zed oocyte: >20%

ragrrents &dal 0ation on day 3, fertilized
oocytes of grade 1 and 2 are either inplanted or

A{f{e? é%\u;t% d&{ Qé%r%ll:%(}tddcgt‘%§gf g%ﬁt’leghooﬁ af é%r ?m;ﬁé@ted or

ransferre The fertilized
fumeyf@fettmgeﬂi&rtlllzed coattesplegtadie B age Gauigreq fo EM-d4yitrolife). The

fgru?% c%o%&teésge{é% ?L@I’%SE&IIRP%NOT?Q\? ?%}s 23 % -7 aﬂélefertlllzatlon The

mmme.evampmddeanhomestHWﬂg|Sﬁ<|”de{ ceII mass
(ICM on day 6 Gade B Blastocyst: Not expanded but
ot herwi se |ike grade A Grade C Bl astocyst: No visible
Grae BoBlastedystr Bxpandédwith distine lmyzelémasmlca@yonzda(yaﬁ ter

) 25 frozen
é’o\t %I’[#eélé- ce}?{{' S{Jt}gﬁp éﬁé&fst%d}]éﬁ%rr\ggggk t %?/\t rolife).
Grade éhBletocydti WedisdiecdMs are stored in liquid
nitrogen. Informed consent is obtained fromthe donors

before the 5-year Ilimt has passed. The fertilized
Daayediozandetilizevbdoaytasn gt dayarvatier ferijlization)ithe Jertilizad oppyies are

2k by bS i Aifized tes are
ReSf B AT SRUDE L Rer S YOS Cro S Rl polfies
gioraddn Bquid aitioggn. lafodméd oarsent israbtdinedsidom the donors before the 5-year
limit has passed. The fertilized oocytes are thawed using Thaw-Kit (Vitrolife), and the
procedure described above is followed from day 2.

As described above, fresh fertilized oocytes are from grade 3 quality, and frozen fertilized
oocytes are from grade 1 and 2. According to data obtained by the establisment methods,
the percentage of fresh fertilized oocytes that develop into blastocysts is 19%, while 50%
of the frozed fertilized oocytes develop into blastocysts. This means that the frozen
fertilized oocytes are much better for obtaining blastocysts, probably due to the higher
quality of the fertilized oocytes. 11% of the blastocysts derived from fresh fertilized
oocytes develop into a stem cell line, while 15% of the blastocysts derived from frozen
fertilized oocytes develop into a stem cell line. In summary, of the fertilized oocytes that
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oocytes are fromgrade 1 and 2. According to data
obt ai ned by the establisnment nethods, the percentage

w@boohioeeBs fertili zed oocytes that devel op i nt oOPCT/EP2004/005031

bl astocysts is 19% while 50%,0f the frozed
fertilized oocytes devel op i n%% bl ast ocysts. This

sty ﬁ{d%rtﬁ.%ezf o?FrSéhb{e?ﬁn[zé& bE&GRELRRBIRRI S SR cell ine, and 7%

or obtar yst's, probably due to the
ohfrgtmrfert[BEquQmwtetsythaifwerheDUf @rq culruzedemee@to agtegp el line.
the bl astocysts derived fromfresh fertilized oocytes
develop into a stemcell line, while 15% of the
Thastiongsf shelterilized obeydentd the Mastoaysirstgs isceriopngd @lier procedures

\/\%‘ﬁ‘f{?lbﬁrn il HEGA P?‘csc% fl)‘/%eggrb 4?} %aﬁH?%ﬂ Phay 8E &0 in Gardner et al,

I'zed oocCy tes
Eﬁmﬁmmsms,ﬂn TZZQurW@neA s apdGardnart Brle @dslpfiandbook of in

\;t): %H:/:Ea%{g%‘ /éc%ﬂ? ?Iﬁ%%t§§ %5% 2384 RafrP B %@%@%érdner et al,
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Frew/ Stertl, 574 Suppird me&@r@memene’uab Haing Réﬁﬂoé’eﬂ B, 343ﬂe°:44¢h@ardner et

ag;{)a@éﬂrbﬁg?%{;&hﬁr SrSE alnlfri 400G\ BibARAMEd, 62, Supp! 1, 249.

ocy age wed after proced'ures
wel | - known in the art Procedures for preparing

A?{ﬁ??)&%%%%ﬂ?@yblg oI: L@ﬁi‘ ét%b %R@d?%ﬂy Sérr\gd fronﬁ'@frl)é%d oocytes

ure syste r uns Gard ner,
héving edade, 1 ba?dbe bleswcyma having gradedh of Biaraco-sHltured wh deeder cells

fgr(tj esg?bcfrshrﬁé:Rﬁe o Efo?e 058& igﬁgﬁ&’ (fe‘ﬂgn %Q:%ég %ter%%fngrkﬁéted onto

feéder e, Regim grdwthlis, mmmdmwvhe@athe geloniis lagge enpugh for manual

ReRidifp (4T Rprely ;P B3RS oA DR e Elystha gé@lss%cted from other

dell s ayd xpandesitiyrgroythopt nemteedgr erlisi Thalisplagan of the inner cell
f?esifts(lielé)% & S;%de Gl %8 m&ﬂéhrgﬂ o%s@%t?onl whlchdna L}f Performed by using

avin fe co-c
g‘lasdmprlleeéd as a toﬁtrngmmbTheedﬂtenjloo métr@rmn@rcellms(sme&% iscggasily

er I f,

orrge Yrﬁtée &%& quqscé%y {:%A?g*'a{:} %rﬁ)‘i ﬁgc&ﬁéﬂ/ctg ugﬁ%ﬁ{/ treatment
ofshé osaytesaritiugizymes amelfon ahtrtmqusateg”agalhgr reappyedihe tfﬁlﬂllﬂowderm
1-2 weeks after plating), the cells may be di ssected

fromother cell types and expanded by growth on new
Tresdie predddsre A O 8DSGI92ralleviatehdhe nerst for hmunerusgery. By

q%)grhplﬁzrplg eL{ffcgilsn%ge ﬁyugwgqc |Wun%§hrg|%|'f\§eer§6§ g pre\QéJﬁ Pne%ﬁ which

ass capl aril e as a
ltaas. thd trepltketaizrmaontact, itthhe beemebseu:md thatibe raech %mpbr faster and

eas, | erfor
et o e g B bR efiR s oo Bt an
mmeIri@eurtgeqyfl'heser\prtobemnzy meke dvedpreparation bbsteascalldines, and the

?jf}%gg{rﬁjrr%rg oré r[e\%%&@y @gr%'ngr%faﬂg é)lse tFPh%jﬁ ’reeté%? Pf 122 blastocysts, 19

deimeo werepestablisByd (mm)amarbgasrtmmmeesoqeasm byimmumagurgery

[ n rsus th b

S O DR LT e ot ef Bk oIEEl e U ooyt
wée pmfd%ssd by trer preéertinesthahah2 63 oalliines avema established (16%).
procedure of avoiding i munosurgery is nore efficient

than immunosurgery. These procedures make the

PlilReauaitito diseéctmherntioeinhen defl esgssathe inres cell mass cells are co-cultured
dr f % erentia

Uk sRRRee e e blaFo v R BFIPE Fp5artér otaining the s

cell line, the cell line is optionally propagated to expand the amount of cells. Thus, the
blastocyst-derived stem cell line may be propagated e.g. by passage of the stem cell line
every 4-5 days. If the stem cell line is cultured longer than 4-5 days before passage, there

is an increased probabilily that the cells undesirably will differentiate.
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cell lines were established (15.5% . 42 bl astocysts
wer e processed by immunosurgery and 6 of these
WO e®uloos2es i n successful |y established cell |ineGT/ER2099/005031
Ei ghty bl astocysts 30 were prgocessed by the present
met hod and 13 cell |ines wer&&stablished (169 .
Subsequent to dissection of the inner cell nass, the
inner cell mass cells are co-cultured with feeder
Aspktific proceturaioh passaigingttbe gelis- it @rfpedar cuitein ysism isgliven in
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Zona pellucida of the blastocyst may be at | east

Aptarief pairiaye (Bigms) treatorent higvtagiatyisis With an BiRg zpea peljusida results in

4t geﬁ{ 0‘)asuc zor%y dtﬁ&%%pﬁhgit%%tﬂhe@%h% &Csllrﬁilé?' protease

I fe, Gothenbur é:]
a&mtgteis)prormse may ateo be gsey Mike hiastedystsines befplaled prtossai inactivated

”dcegpgﬁstfg Jvﬂh@ F{ré‘ff étpé ieE,Pronase (Sigma) treatnent

Ccyst act zona pellucida results
in the renoval of the zona O her types of proteases

lr‘#ﬁb% hg'ni%mgf t‘hé r‘?\lﬁﬁl&@%‘ce tllggﬁ@&esteﬁ‘h;)'trﬁédytt?éaﬁf Fn@H"iﬁﬁn agent

use ts can
tMIIMpravesthe\aitaeblmeﬁiem‘dbe bkaelOIcssst$ and/onif fﬁgje\t&lﬁ?é ttmlan%rscee" mass cells

t? t)eaftgﬁ Ilss'?%%)tﬁ‘tag &gbmtth@% mg%@e hdy RRAILRRISRP

n an’ agent that
|n'proves the attachrrent of the bl ast ocysts and/or if

%%Lflﬁe gfa rﬂeéﬁ 8%;? %tr n&@elblm tgednkcﬁfeeﬁgr éé]@ cgﬁﬁgehrBS medium that

stance pose IS
dmabmc@nplemanied withshyAlusonit atit ewiighl seﬁ.m$ tor pl}@rrmtet ﬂ@ attgghment of

64 BES0RYEL 50 IR R LR R SRIel i Bonan (v
dndmpoanttglycobemiabyycameoristitient of the extracellular matrix in joints. It appears
to exert its biological effects through binding interactions with at least two cell surface
receptors: CD44 and receptor for HA-mediated motility (RHAMM), and to proteins in the
extracellular matrix. The positive effects of HA during the establishment of hBS cells may
be exerted through its interactions with the surfactant polar heads of phospholipids in the
cell membrane, to thereby stabilize the surfactant layer and thus lower the surface tension
of the inner cell mass or blastocyst which may result in increased efficiency in binding to
the feeder cells. Alternatively, HA may bind to its receptors on the inner cell mass or
blastocyst and/or to the feeder cells and exert biological effects which positively influence
the attachment and growth of the inner cell mass. According to this, other agents that may
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t he bl astocysts on the feeder cells and growth of the

i nner cell mass. Hyaluronan (HA) is an inportant
w@bapgos2ss nogl ycan constituent of the extracel PCI/EP2004/005031

matrix in joints. It appears .to exert its biological

effects through binding interdtions with at |east two

I
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during the establishnment of hBS cells may be exerted
through its interactions with the surfactant pol ar
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ifdading to 35 the feeder cells. Alternatively, HA may
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%ﬁf FY{S?@%@%&&% ﬁé ?éﬂvtal;ér lugggc}e? E% %\9 A oﬁ\?e%’cgd cM}h ofﬁ'%%eder cells.

per cn2, such as e.g. less than about 55, 000 ceIIs

'@&%I%%ggysg ﬁi‘S d\ge%ssterﬁ%g ﬁrpeoglé}aﬁgd %2%(% SetE\ﬁllsPﬁ{enP%tholdrHe%cnbed
didozs mumrytamsceeﬁnemewalmmlweiotericy rﬁ@r &smlpblempd of tinpeiang,
atacgg[fﬁrggj)élt %8%5@%% sug%glgg)%hoéf_ﬁl’ ime qélt@eegl%ggﬂbtlté?n%&d the term “stable”
ib MSredecdatseisenomfpeoléerHMrseaﬁaeeyd erameﬁdlféeranfcatedsetatamd miore than 21

i s contenplate ral: S j . Y f ound
G S BT BlsE e bl itcl@ed BRI 6 FE B o, e
findlngs of the present inventors, a person skilled
[N e art. W ¥ ' '
th

'U)eengte l Iuﬂﬁ glo#aér}ve Sﬂhg e&%bﬂéh%n? er'?ho%“&és%%@d above fulfils the
general requnrements Thus, the cell line

i) exhibits proliferation capacity in an undifferentiated state for more than 21 months

when grown on mitotically inactivated embryonic feeder cells, and

ii) exhibits normal euploid chromosomal karyotype, and
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25 cells may be mtotically inactivated in order to

avoi d unwanted gromh of the feeder cells. The
wWhb@gnegst - derived stemcell |ine obtained byPCHEP2004/005031

est abl i shnment net hod descri be ? above mai nt ai ns

sel frenewal and pl uri potency %r a suitable period of

t ' | ers both in

o oG RRERAF I ioplib Rl ol Arypest oo B

" switadpbied in3@vd, @ndnt ended to denote proliferation

' f t 1
Rl B WAJ&"“ﬁ°@”‘?‘§“§§f‘fé§?¢‘§§t°§m§n§?§m

f epfwephatess, sihe Tarbokydsate cpltopasi $eEAS: 8SRATH BRA hd0: TRA %81, and
eslh@?wtélgé%@ ?f@ka‘éﬁn g@ﬁﬂ‘fé/bl%ﬂr&mgﬁfaftél héﬁéeﬂul&ﬁ)‘"ﬁmtnx proteinglycan
[ [

exrhcmm@qﬁ)oﬂh&mmdoml antibady B¢ TVh2.80dundi f f er ent i at ed

St\@td%eg ?iF) SHitsit %B%@ul% mg&%tggEAM&notﬁélo&\ﬂer%ﬂtetlon markers, and
I'nactiva ryoni c feeder cells, and

i i Vi) remsmts sluripotesty wpfp@ns:ltecaip@ﬁﬁgbww wReR i ajprbintaifynuno-

EP2004/ 005031 25 iii) maintains

po‘f@ﬁ% é\"l%%ﬁgﬁge’ve op into derivatives of all types of

geviiid capable diglifferéntiating.t ro and in vivo, and iv)

exhibits at |least two of the foll ow ng nol ecul ar

mar kers OCT-4, al kaline phosphatase, the carbohydra

T@plund;ﬁfeserﬁstgd i3S ssiEAabininerryy t e@@"“ﬂ@@@”@@ ah‘h‘tP arg deﬂned by

tﬁ@f& IRERE %lrlfén%‘)ﬁ%m WGF@ISB%E&I fdhn fI"luh‘caiﬁltp‘?é Shonstagbd fe"r‘tlllzed oocytes,

ate trix proteln ycan reco ni zed
. byblad;tecyabm @op mhibltamrblﬁef@yormanﬂcﬂy 'naafdumlff%rée dateg state when

W Bh i t{gﬁ&?qlgl%e?c“uv § ¥&ide %}A ﬂ'ne? 'éxﬁBﬁ‘%rnormal chromosomal

eren on ma ers, retains its

kahuotyipeothey eypress typinahmatkersitos Hadifferentiated hﬁ@e??"ﬁ r§-8cPed-4

Sy P TR SR e 83,3 o el e 1.
amldttiae preteif portehe aimratmlsLdfeafrhoné@ltwet%nezflcs@ﬂarﬁ@atr%y
pﬁ&%mlg&p%r? }Q%c%gn%&'j ;32 Er{eqr Aﬁ?ﬁa\"@ﬁt%oﬁ?@@fl\ﬁ@ Er®8y RENSHBdW any

ebxb%tnonyo&the ca'a%ydra’le bpitope E‘gﬁqﬁg‘;\:-l%fogzweir diffeseipiation aykers.
|
F'?nggl{ rgt @gﬁﬁété%&g%% |”?¥”ﬁo\gﬂ§;h éx a odré‘rrﬁad?\ts’tr% differentiation

itbrdenstivaslof akgeyolaygrs; t hey express typl cal markers

for undifferentiated hBS cells, e.g. OCT-4, alkaline
phosphat ase, the carbohydrate epitopes SSEA-3, SSEA-4
Adeardingsid, thd Bbove, g metiad provedp aotessentiolly pursfprapaatiet eirpluripotent

T aéﬁﬁgﬁgo | té{hltﬁtlé &E&a{?ﬁ{ bélf%lcltﬂnaén lﬁéré%tlaéed state for

ycan fe ogni & noc ona ant |
rarENhan 2 hnbniies wingn g;rbwwoanylt@oalwpacéwgtedrer@bry@m@feeder cells; ii)

q@lba §Pnr1§ lggxpt%ﬁd %hqgl%o§ k]ar)%?% Ql f hgﬁ}amé ih& ﬁl’ébfléltté Qé‘velop into

nor e uri PEhC tro and
denivatives of tikk types whgerm kaxmshotl’ah‘:e/ltm ariceinerita; &) iewhibits aftleast two of
tﬂg q‘éll\é\?vmgvr%glegala?rlnlark%?g 5bIT§W BliGline phosphatase, the carbohydrate epitopes
SSEA-3, SSEA-4, TRA 1-60, TRA 1-81, and the protein core of a keratin
sulfate/chondroitin sulfate pericellular matrix proteinglycan recognized by the monoclonal
antibody GCTM-2 v) does not exhibit molecular marker SSEA-1 or other differentiation
markers, and vi) retains its pluripotency and forms teratomas in vivo when injected into

immuno-compromised mice, and vii) is capable of differentiating.

Procedures for the detection of cell markers can be found in Gage, F. H., Science,
287:1433-1438 (2000). These procedures are well known for the skilled person and
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According to the above, the nethod proveds an
essentially pure preparation of pluripotent 25 human

wBdosehd283 which i) exhibits proliferation capBCI/ER20041005031

an undifferentiated state for . _nore than 21 nonths
when grown on mitotically i nadfi vated embryoni c feeder
ifGldeSmetnblis sﬁei-g‘é?h.‘r- R LPRIm S it a86dyRWRPEBhtibodies directed
Karyotype; II1) naintains potential to develop Into
ageinsttieicel siaskeralare tsasedn b folloming. ayathadsfer Aetegtian eficsll markers,
AN bV i bi .ft tivit d
Pt dliohetiods ke, Seliods3ae s fingtelgfdfase aciiviy an
tetatamd frmetion alecdesaritmsh These wethods 6pe be sgedEERvastigate whether the

4. o TF - T - \ ic: -
B R s o By it

amigdrial X pr ot ei ngl ycan recogni zed by the nonocl onal
anti body GCTM 2 v) does not exhibit nol ecul ar marker
SSEA-1 or other differentiation markers, and vi)
Inetaiohistachemysitryr i pot ency and forns teratomas in vivo

0 SHAEEDR il o TR SSMAMAAFCAR s ittty e o
diéerentiation. ©¢ll sLeface mearkenssised forimeorfitoting theruraiffpsentiated-hBS cells are
j C y 3 = r . H 0
o Bt SoEhRR TR %R0 o TAaaR RN B Byt n

I AP0S40 00T Iermesbilized| usthg hetohibtien Xd9. A§eRrashipy and

D e g
entdrispBavdshes tet estitare incobated With ke kegondaryrayibpdy and t?’@muclel are
\ﬂﬁ{aﬂ?e(%ftgy KREYQLYRIgNY, nethods for neasuring tel onerase

act vi

and eratoma formation are descri bed. These
nmet hods can be used to investigate whether the 5 hBS

%ﬁ%’kglp%?%@é?%& according to the establishnment nethod

above-nmentioned criteria. _ _ _
Thenactiolty sftatkalieeipbbsphatadeds Haisrminedusiap lascaremnencidl Aeailaple kit

ol Tl APrinRoh oo QU LRREREL og Tor

nonitoring the undifferentiated hBS cells are SSEA-1,

él;f\- , EA-4, TRA-1-60, TRA-1-81. Human BS stem
§ ’ls?}?ﬁ(g?fi xed in 4% PFA and subsequently

e mBAA [bvele or tise mgnﬁriﬁ%nﬁab’;oo @ck4 Is peasued aisingdXhPR{R and gene
AR BE PR AT SR IS CABRASTACRACETEE i ve
SECARGGLIOE RRAGCATACACATIENTE) andt®ARDIE asdwunelaeping gene (5-
s D e A i

al kal i ne phosphatase is deternined using a comerci al

BB aBI iy AP ELD, o5t ot on Trom the

In one round of FISH one ore more chromosomes are being selected with chromosome
specific probes. This technique allows numerical genetic aberrations to be detected, if
present. For this analysis CTS uses a commercially available kit containing probes for
chromosome 13, 18, 21 and the sex chromosomes (X and Y) (Vysis. Inc, Downers Grove,
IL, USA). For each cell line at least 200 nuclei are being analyzed. The cells are
resuspended in Carnoy’s fixative and dropped on positively charged glass slides. Probe
LS| 13/21 is mix with LSI hybridization buffer and added to the slide and covered with a
cover slip. Probe CEP X/Y/18 is mixed with CEP hybridization buffer and added in the
same way to another slide. Denaturing is performed at 70°C for 5 min followed by
hybridization at 37°C in a moist chamber for 14-20h. Following a three step washing
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Oct-4 RT-PCR The nRNA levels for the transcription
factor Cct-4 is nmeasured using RT-PCR and gene

WG p@ai9§285 pri mer sets (5" - CGTGAAGCT GGAGAAGGAGA@TIEP2004/005031

5' - CAAGGGCCCCAGCTTACACATGITC) .and GAPDH as
housekeepi ng gene (5 25 ACCAEAGICCATGCCATCAC,

I
P?_E/%r s BNl %E%&irﬁ)th DA H%@%ﬁ@%%s a'ﬁa@hédlln an in mvert

n one round FI SH one ore
reiniosaersoemiPRedovihetpgorriate titass ang ﬁ@ﬂ\w& dkpieYision, Applled Imaging).
speci fic probes. This technique allows nunerical
genetic aberrations to be detected, if 30 present.
Kasyotyhing anal ysis CTS uses a commercially avail abl e

l{%ﬁ%otg;g dH cﬁ’{r&gsictg(rﬁ% tgctiér &?@lé@ﬂﬁa difact 1@/%%0@%@ i@ 0&ky informative,

rormsorres Wsi s
betron@merlqa_and,@ﬁger snuﬁtuaai@he@%hqnsmaﬂ é)eaietﬁf%%tln th?r to detect

éém aét‘?e%f!&@ Qa%@bl‘;é g% né@&%d Clqb\}véve@rtﬁls téng $@¢h very time

rno xati'v on positively charged
@ha@gmgmndégchnma&b@tnq_ag Tpgmnovegh@pqnqm% fprghe assay the mitotic

iRy éa%dt?e%lsga b9 %&fogﬁncﬁ'& ﬁ'@ﬁg aﬁ&g% ﬂ?ccﬂ&ﬂlgﬁ aﬁa% microtubule-

covere cover i's
deisiebilizing tage TRRURINErthel celhio; aﬂeSblmfm@tﬁphaﬁ@ Bukfékﬂ g largermaipply of cells

a?gﬁs?%@/ @&%O?é?é/?ﬁél@%) #Re cﬁfs'@} W duBGteti$n BRY 6@%&% 0. 1ug/ml

idization at 37
qofsiestid Endrdieand (thenlwaﬂ@H withdt B and §yesinirede d herceyls are collected by

%@ﬁ?‘rﬁ'u llo}{\Qt ‘?Q&ﬁér@l%grz‘?(g'n ﬁ@g@@oﬁé ﬂQépgén%g%aﬁbloé}%dda‘é&al acetic

are stal ne and e slid
anithayd e chroregsomeseare visnalcaedwowg@qmpﬁlﬁ@@ Wyights staining.
appropriate filters and software (CytoVision, Applied
I maging). Karyotyping 5 Karyotyping allows all
Comparetienganonic hgbrehizadoed in a direct way and is very

éﬂ%?érgﬁ\? &omn@ﬂ%ﬁhd?é{fﬁé é%l—l) F%H@érﬂé{ta@ (}é?&éi}i&ﬁhng. CGH gives a

s can der to
higieairesadutionaf tHeeehsomasorkes gied ipgechnigady lese ¢hallenginge (sofated DNA is

ri&ltﬁan%l%@*&rlh AYfixiufe QPL‘)NATﬁﬁVr&aQ‘?ed B 12'&@JTP and DNA
ca %( cate

ech 'y i'n rove e conditions for
pdhenerssal Atnr@amaecgel electrnme@aﬁ: ssformapd éxicasyrol the size of resulting

SQhGE gl-r% sa(6§%'§g8§§)g§ TR08h RrefRer @ BRAR re@{bﬂat@d e1nd resuspended

nmcro i'I'rzing agent causi
inhyerdization mExtayshemngainibg forgianide, aiema@easldiagﬁﬁlyd 86Ce bib/b%dlzatlon is

RS SRR LR e r e @57 c o
mamher Sifter ektensiva slashingionh dpag)fganﬁfadeyp@,irﬁmg émxtunq]@/ectashleld
qglzné/ﬁwl ﬂﬁ%l ﬁg’sle\%ﬁgggng he Q@@ chited tﬂ%o?é St dQ%IlBE%B

s are fixed using ethano aC|a
subsequentigevaluaind unter  Mwasspawsd asiwgandnage @ealybly system.
using a nodi fied Wights staining. 15 Conparative
genom c¢ hybridi zati on Conparative genom c
Tefomegiseactioty (CGH) is conplenentary to karyotyping.

ince g'h\llg“?‘lsac?ivity has been defined as a criterion for hBS cells 6 the telomerase activity
is measured in the hBS cell lines. It is known that telomerase activity successively
decrease when the cell reaches a more differentiated state. Quantifying the activity must
therefore be related to earlier passages and control samples, and can be used as a tool
for detecting differentiation. The method, Telomerase PCR ELISA kit (Roche) uses the
internal activity of telomerase, amplifying the product by polymerase chain reaction (PCR)
and detecting it with an enzyme linked immunosorbent assay (ELISA). The assay is
performed according to the manufacturer’s instructions. The results from this assay shows
typically a high telomerase activity (>1) for hBS cells.
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hi gher resolution of the chronosones and is
technically less challenging. Isolated DNA is

woR@koIR2es! ated in a m xture of DNA, A4, TexasPCEEP2004/005031

-dUTP/ FITC 12-dUTP, and DNAég) pol ynerase |. An

agarose gel el ectrophoresis is€°performed to control

the size of resulting DNA fragments (600-2000 bp).

Test and reference DNA is precipitated and resuspended
The chly me;sohetean thein pitiripptency eihfaamsitergianeasnianivgevhen injected into
wgl%ﬁlfaé %851 &f ﬁnc%ng] a%??( on"%tvlt‘r&j{h%@é O dah foRR thSrdéﬁ @erived

&nat 0 ass nmet aphases for 3 da
badiesa bloth @f thmesmowaméss chamact@rlst@a‘p@aigw@n \ReRicAY 8ﬁ‘eund
drop of antifade nmounting m xture (vectashield, 25
0, 11ug/m DAPI 11) is added and the slides covered
Teiatbme dareratish irpimm@ladegenimaice subsequent | y eval uat ed

dﬁ%q'ﬁéthgd i gﬁé??fequ h@@gn BE Q4 iR8 h'ag‘?&ﬁalﬁgébmbéteﬁt’@tt@ Renograft

|'onerase ac nce a high activit ¥ﬂ§ been
triedelln dal lramuaodﬂflmeet intsa i orden B@Qtélmltumerss afpmaénié?%@ types of

tlggi}es\lfb@ ltn%ﬁ Lﬁn&%ﬂgﬁﬁﬁ(?ggfﬁegeﬁt%ﬂ tljﬂ'@§ eRhlay r’sn%poHE hb®e showed

onmerase actl vit SUCC SSl ve ecr ease
vatiers tissees il timpesadsiived ﬁomfeeogratftﬁé wremun@d%@le@t BGe, such as striated

%aé%lét 'c£r¥|| g A BoRE &rg¥ &&rét"qgg&ts(gh%@ ShPrRg R uFE kedetds gébtoderm).

ssa es a co and can be use
Adso, targe)pbrtloﬁsmf mettwnonsm@neisifcffes#@ﬁgarazqddwsuer he net hod,
Tel omerase PCR ELISA kit (Roche) uses the i nter naI
activity of telonmerase, anplifying the product

SevkreneEmatseectiTanunadeticentdSCIICR)cs B sisin Hat lagk Bngnql 7-lymphocytes
g%hgeoall%r SH&I 011 fer%&ﬂa ?WSE q-rILlR'ﬁé\?1 BaRfY k@u‘rgﬁ@ﬁl}y pldd in either

acc & mmnuf act urer - s
testlstqr uuot!emthe kldﬁbye capssilg. tlrstefsh@m kithey, 8BSoplls ﬁ@,@ansplanted in the

B G J004 ) P00 OB B I T st 0B gt e

Arelimeisaryatsilts shoei thatfemalepvice mes margipesirapsrative éta@iﬁaf@an ﬁnale mice
Vi when i i ' - 0 ' ' e Bl
R
feimnie\&QI D-inodsesteratbma maade! isforefesabde. oiwirs arecedually palpable after
characterd St i ;
anFogﬁrB%IE 1]c %‘%’ﬂ@t 'i'lgén m?ér? arg %Egﬁfl ?%@t}@ré x er}Pn&ﬂhg %ti‘.&‘eﬂjrrrne?rﬁ g&e dissected
and fixad fyrzithef parafﬁlumrfreB&-smﬂonlngn§h¢1m§an digalienisgubsequently

aionﬁﬁ%ﬁg ggﬁp%u étﬁﬁ:ﬁéezm?% rngérthodst I@S@e&iﬁ% rl(e‘?s for alI three germlayers are

used aTrmmwrke\mcmrmﬁtly uggaareohuman &Oe@ha‘r I@Lfﬁfddls’fmotlﬁl@ between mouse
d t

AR e R Ber SRS ol RERR RSN e e PP Sgprt

(spdatgral,taed A-rTutote {éaddenth).Addiionsiis heaataxylin-aesig staining is

cle,.cartilage an one (nmesoderm gut (endoderm,
Pﬁ’i@”ﬁ%ﬁﬁ%ger‘sr 2?}0@ %@gt odern). Also, large portions
of the tunors consi st of disorgani zed tissue. Severe
efi. ci e 1] b "
R e R eGPl bl i Felfip g SR gramples.
Tmsmmlémmdlmd hlelmnmformtﬁsu'ewesatmp@es ontyi ared ary not intended to
I'[r)m?l t%%%clo;r)]e 8% the invention in any way. The general methods described herein are well
known to a person skilled in the art and all reagents and buffers are readily available,
either commercially or easily prepared according to well-established protocols in the
hands of a person skilled in the art. All incubations were in 37°C, under a CO,

atmosphere.



testis or under the kidney capsule. In testis or
ki dney, hBS cells are transplanted in the range of 10

wOO®40028000 cells. ldeally, 5-6 mce are usedP¢DEP®aLNS031
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cell line at a tinme. Preli m:ﬁy results show t hat
femal e m ce are nore post-ope ive stable than mal e
?gwtaﬂa@mﬁaﬂn ﬁf?é?ﬂ? k@l PBS iR thdbi e “B8-Addium” and may be
ective i1 n generating tunors as In testis. Thus,
@IbnﬁrtsndeOé. ISP OKIS D ullercat’'s Mdodifinddiadle’s prashusn, aﬁupelemented with

|| abl
ROk BuS St BELBTRL SR pLgRES BEAR g e rospeciv
finaedricentratichss 5@ thigiml paricilin }&ud/on steégtteicipao, afnﬁﬂ/l mon+essential
freeze-sectioning. The tunpr tls%ig IS smllbs%&rrﬁﬂ }é
HRRPYPFIE. B! hralarming: df el Raer kman recombinant
mlk%a%lcfﬁlfro@bét drbn@Gagef)M ayers are used The
mar kers currently used are: human E- Cadherin for
di stinction between nouse 25 tissue and human tunour

Ah&ﬁé&%untﬁbl@"ﬁﬁ’é&uﬁ}n@% &I?&Jd&/'ﬂnéd'mﬁ’oﬂﬁé May bR comprised as follows;
eto rotein (endoderm, and | -111-Tubulin

) Dulbgencrs Madified Eaglesddesitymi sinplpsnented with A%
QC&%{ 'ﬁigﬁrt‘an{ rrr%r laggr%gﬁﬁadwggg %Bw?on-gpﬁents at their respective final
édbicbthlmgs B3 teitsl/misemiaiitin, &0amphestteptorByein, rOeSrrEMamp}leesantlal amino

i_ncl uded herein f illustra rposes only and
%9 Linglé'f‘f’d"é‘aeﬁad 18§H‘Mté m%@i%%'éa'ﬁ{ the invention
in any way. The general nethods described herein are

nown to a person ed in the art and all -

I BrAS R e b i degoedl i aplecerSMerelipn papactty in an
wmaéﬁﬁaaéd ¥ta@d fof fford haBr2anaGeHs aBER gEbvton Mitotically inactivated
mell-est |sh d protocols in the hands of a person
RPiyPaig f ‘? & ige! sart Al'l incubations were in 37C, under
a C02 35 atnpbsphere. WD 2004/ 098285 PCT/ EP2004/ 005031

One sui % abl e diumused is terned "BS-cell nediunt
5§tab|3§hrﬁéﬂ BXAMBYE may be conprised of; KNOCKOUT'
Dul becco's Modified Eagle's Medium suppl enmented with
20% KNOCKOQUT' Serum repl acenent and the foll ow ng
Esiablishment exapPlerki 1 respective final

ESaBAShmaht 8Nan e§£bﬂﬂallly$)’ui’fé pRYIration bhundiffedéritiated stem cells from
streptonycin nM non-essential 5 am no acids, 2 nM

ip%tﬁﬁﬁﬁﬂﬁhamdmlﬁﬁtﬁéYQtﬁpt oet hanol, 4 ng/m hunan

HEsanBla3e sts e deRasl ffonh frBﬁéI‘b&ﬁﬁéshQ‘fMH‘ﬁnfvﬂﬁi @Hﬂlzed embryos.
Anot her suitable nediumis "BS cell bodé/ medi

sliiahed bRs G PIsatese puldikasHoOon Cshr SRBUER in WS cell
Medulufﬂ ﬁ@@l@ba‘rqmm@éhcw MEiRie BAREs %dYMnﬁ rsuggf’énibwed with 20%

' Serum repl acenent and the follo %
6'899@% RESMfeniarement,aag die fallewing ﬁsﬂsf'tuen’fs t the final

CHRERPAIRE! %‘ﬁmtsﬁgl ;%Hléllﬁﬁ 5o |RFR é’cl*éﬂtérﬂycnﬁcb O no% eﬁ?\;lentlal amino

streptonycin, 0,1 nM non- essential amno acids

acn@e mm_rgiutanmwemoo MM Bmescapdgstioasiohang/ml humarhegcombinant bFGF
S%‘?i%?ob‘f%’?%;faé\?tg :fgcg%rt) ;%gjgglgﬁ{e@@dﬁmg{néﬁggh%?ﬂﬁ%a‘i&onic acid. After
piatmlg‘ ﬂﬁerlmatmca/stsobrsmaﬁ dells, growth wammogitorad and svhah ée colony was

@Fg%"\@ho?l'ah %II rﬂah&aﬁlplagsa{gﬂﬁcapip}l&rﬁgtely 1-2 weeks after plating) the inner cell

mass cells were dissected from other cell types and expanded by growth on new EF cells.

Establishment example 2
Establishment of an essentially pure preparation of undifferentiated stem cells from

blastocysts with an intact zona pellucida
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enbryoni c feeder cells. Establishnment exanples 20
Est abl i shnent exanple 1 Establishnent of an
we@s®enes2sd | y pure preparation of undifferenti aP@€EB1004005031
cells from spontaneously hat ‘?ed bl ast ocysts Human
bl ast ocysts were derived fron$ rozen or fresh human in

Fé 6!5%0%)&&% With 28 %t&&tyoﬁg ?ellucﬁéogtbﬁgﬁ&r%ﬁééé h@tL‘P/HﬁCBI?ma) incubation

S Were on feeder cell
ifiSg (6@VH2) rrwmdvmmnfemwg@wm ¥as ussdite ﬁ'@ast the zona, after

\AEPcﬂltﬁe Ela%giléf %aést#ﬁ 8|r€5fﬁ/%qge pEtda) 2% lﬁ%%mﬁ%&b’ﬁlemented

pl-acenent’ I'ow ng constituents at the
wﬁthrh\ablurommmch((} 29 ogénl).50 units/ M penicillin, 50 g/m
streptonycin, 0.1 nmM non-essential amno aci ds, 2mv
L-gl utam ne, 100 M R-nmercaptoethanol, 4ng/nl human
Estaidishmeatexamgle 3 (basi ¢ fibroblast growh factor),

F@#gp%h%gﬂeg@%ﬁ b#wfgraygaﬁ il s pRuBlsier oni ¢ aci d After

astocysts on the EF cells,
Tiwe ru:etlsower@ m\zeambimrﬂTeP@B|a@dwat@l@glc¢lAalbéhwlpgﬁh@ta%e) and

O SRR TS0 ok o 2 ot
was @reerée using Rneagybtini KﬁdQ@ﬁpMQrdﬂ}Q gribaumanyfrciE Rl €F
récg lgrirﬁ%ndeﬁﬁﬁé”‘bllﬁesmﬁg w§s gar?iéd Bat &dhd ﬁmﬁfﬁst @fraAll cDNA

pure prep ono undifferenti ated stem
Syetriesmﬂ«tdm RIBIRCR ¢Rg Ghes) awu PERausinhPlaipum dieg R IRebimpsase

([ tr§8gn | PResRRntGl S é?rﬁr‘?g?ﬂi/r 9% Bhﬁ%e %@%&ﬁ%ﬂ% using

ntact zona r|e pronase (10
cUmmerClSil)gam)labla sil{Sione ollowingsne (MeovfazjureRsifagRmMMendations.
(Vitrolife, Gothenburg, Sweden) was used to digest the
zona, after which the blastocyst was put directly on
EsltablElhthlethpée 4in hBS nmedi um suppl emented with

:{X %Egnl %daﬁllgﬁr‘n%%ﬂéﬂ)\ 5 Establi shnent exanple

Heni ca al ni ng r al kal i ne phosphat ase The
MalseemiEyenit fibrobessdeédar cRIIS WOR @ﬁwatﬂdszrbms(sge €Hliture dishes in EMFI-

ré%%ﬁ%@;?@%(\@@ﬁ@%%é%ﬁ\%w%a SENRORHOCHEIR ABlted ith 10% FCS

(Fetal OhIaSeF@h% OmmM@mpmmewm§WImmldﬂlm|50mg(ml
Kol ono bt RRHRG) thefeelereatbaiprg potcaly

|H%dt|0ﬁtesﬁ\Whl'T\thﬁﬁCgoﬁt canol gg/lawﬁe hiSy.rHumsn BSKieti- cbt;nnleIR'WVd?éZEXpanded by
oche) and us at T
f(‘WHﬁ' disgRpdion oniq %‘PB‘{%’% Bgse u?r%?&gwgwé é’%&?ﬁt@ﬁ?ﬁr gells.

phosphat ase was carried out using conmerciall y

@é@%ﬁ%@gg {/vtgfgggilt%rr? orﬁ r%lltl)t?wlly %atc:trl]veaterrjEl %%Lgé: terlf|1 ryonlc fibroblasts
feeder cells in tissue culture dishes with hBS-cell medium: KNOCKOUT® Dulbecco’s
Modified Eagle’s Medium, supplemented with 20% KNOCKOUT® Serum replacement and
the following constituents at their respective final concentrations: 50 units/ml penicillin, 50
ng/ml streptomycin, 0,1 mM non-essential amino acids, 2mM L-glutamine, 100 pM (-
mercaptoethanol, 4 ng/ml human recombinant bFGF (basic fibroblast growth factor).

Seven days after passage the colonies were large enough to generate BS cell bodies.

BS cell colonies were cut with glass capillaries into 0.4x0.4 mm pieces and plated on non-
adherent bacterial culture dishes containing BS cell body medium: KNOCKOUT®
Dulbecco’s Modified Eagle’s Medium, supplemented with 20% KNOCKOUT® Serum
replacement and the following constituents at their respective final concentrations: 50

units/ml penicillin, 50 ug/ml streptomycin, 0,1 mM non-essential amino acids, 2 mM L-
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15 Establishnent exanple 4 Preparation and cul turing
of hBS cell line Muse enbryonic fibroblasts feeder

w@edoho9szes e cul tivated on tissue cul ture di sheRBCT/RP2004/005031

EMFI - medi um DMVEM (Dul becco’ 3 Modi fied Eagle's
Medi un) suppl enented with 10 o FCS 20 (Fet al Calf

: ner . ,
A ol BT RO e i Mg o s o
boGiescioBRE] overle7-Detayqrerioel | s were nitoti caI |y
inactivated with Mtonycin C (10 g/m, 3 hrs). Human

BS cel | -col oni es were expanded by nenual dissection
Extaislishmaaritiexatmpde Bouse enbryoni c fi brobl asts feeder

ells. uman BS cells were cultured on mtotically
ﬁ%&@??&?ﬁﬁ%? :@ﬁse enbryonic fibroblasts feeder cells
Beforki pms sayecthb thiiSecedls aI‘&aphomgrlapIhEBSJS:rm & Nitsui Egtipse TE2000-U inverted
DB oK PO 205 ARCEOP g oS fer®, EEfonieR are passaged cvery
B dayd. Maefoolohizsiang bigoarstgh trebe saﬁageh ihen thaypeart he/eut in pieces

in trati.o | I
GurEReSRTERINTE, HRengRe YELiRe e PESREE iy nals rfiior 1-2
Vedkk uindcan e LD gpprdxirBdtelydograpeaest hanol , 4 ng/ m
human reconbi nant bFGF (basic fibroblast growh

factor). Seven days after passage the col onies were
Traer @rortesoarg iodused corer it encB® @ slekedbitiressopBsNd ekt in a checkered

I h
SLITAEEHE B Sl O ORT BT BBk passage
Eadhtsquara:bfshmsolomisaembv@ B thel KnifppaBpiratediioima capillary and placed

3 b I
O R T B SRR 0 57 S0 s s evny
Ia_redertyhrevw loFhdishi. The cishes iarelefitfive & teneinutesesgbe celsecan adhere to
i centrat i
b PR SO B VB R Bt 2R ikl ST tmos
é/%agﬁ/lmghe%ma@s %@'ﬁﬁﬁ&@@dl rﬁéﬁom]is clEnggd wimeitinet pantitular week.

w t oget han B | udi .
A5 2 GRS AREL wrVnBR bl orPh s AN Bt an
r’éﬁlaaédi with ﬂmiqé?xanmlp:.uet d3 fresh), Eamaw roéditvBSIf mabéssaaemere@tire

t he cells are ot ogr aphed Ni k

8§m?%§6b<{?n@ PPy IOm crgsigpg (iSIO;](gon elct lo\r:e)

and a DXM 1200 d|g|tal canera. Col oni es are passaged
s., Ehe col onies are big enough to be

% gﬁﬂé’ﬂ tha can be cut in pieces (0.1-0.3 x

Wtrlﬁéhtibﬁﬁif)hBS’bellé irst time the cells are passaged,
hay, rown for 10 eks and ca i

GoBes B SPmoais taduerentRE Rl gt etoll g are cutas for

t age’ 1@3@0@ rAl liguiRt reitregemis stamta:fmeeecamhb & aufficienteamount of cryotubes.

ecker.e ern _accor I

i soRfcr BR e stect (e apd PR SR By R FrentlBs¥, 100 u etten
glycole and 100 ul DMSO, B: 600 ul Cryo PBS with 1M Trehalose, 200 4l etylen glycole
and 200 ul DMSO) and the colonies are placed in A for 1 minute and in B for 25 seconds.
Closed straws are used to store the frozen colonies. After the colonies have been

transferred to a straw, it is immediately placed in a cryotube with sterile filtered nitrogen.

Establishment example 7

Seeding of embryonic mouse feeder (EMFi) cells

The cells are inactivated with EMFi medium containing Mitomycin C by incubation at 37°C
for 3 hours. IVF-dishes are coated with gelatin. The medium is aspirated and the cells
washed with PBS. PBS is replaced with trypsin to detach the cells. After incubation, the
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Each square of the colony is renoved with the knife,
aspirated into a capillary and placed 15 on new feeder
w@eiohm28s t h t he maxi num age of 4 days). 10- 16PGI/EP2084005031
are placed evenly in every n | VF-di sh. The di shes
are left five to ten m nutes g’the cells can adhere

tr%zﬁsm%@@ é’vstfoﬁﬁl SwmﬂEQIFﬁ m %@%ellé‘a@héﬁ‘%l%féﬂrby

ange ree tines a wee

cenfrifugatien,alilotegdss gl me@umnan@cm%@@ Bwkggc@e{qgﬁer The cells
ag\%& LL& YR flP@ eKncen ﬂ&ﬁH ?70% cdghd| ESA ReRiiurh STHERGRatin | |n the IVF-

mreans i hat on e mediumis aspirated and
dbes aorteatae:ad with H mmu@qa@ﬁnsmmwtplaﬁedfm agfncupaighdridgl medium is

rql gm nac e entire volunme of medium can
ﬂg % anSeg.y Esf%%l%lgé?ﬁ'h@nt exanple 6 Vitrification of
hBS cells 25 Colonies with the appropriate

Nﬁ\%ﬂéc‘? foqrétﬂ‘léb ﬁﬂr%%@@%%ﬁﬁ cfe[IQ Wotnli‘ § i6&ddr-duppRr@ideoesder-iree

passa uid nitrogen is sterile
culture syéstenmaod alonsgrtérncpmnagaheu@f hBS eallgginges feederffee

SRk s A and B are prepared (A 800 ,ul Cryo PBS
§ 9’9#% Trehal ose, 100 pl etylen gl ycol e and 100 1lul
TDRBGS e:liseoaloyeddn jhe paSinventionray bRALwed inadeedgt-free culture

g%tgbqeg\/r%ﬂrﬁ%‘éd i an geoﬁ’sl%d%@?é fdgfﬂletﬁﬁ@wﬁ%éiﬁb@ssm%ﬁ the cells

1" m nute an seconds. 30
tEnsfeedsire atablegfoeatisast updo 40 peesades. Blugissbydshmrdest al. showed

tﬁ%tttﬁé hb8& B%?ﬂ:&ﬁ’d F&‘b“é dd?S&ébatéJ m%f [ i fPé#erﬁt%t&i SthfeA¥F more than

n -a t t | e
ix ﬂ)a&sagels on telbijes matrizesam:lu@ng&ﬁr@éﬂﬁﬁyweveég%;%C%HS were
r In
STk o TR SEEREA AERER) Spbiperindp asheR ore,
unddtebmuamd RBS 84ltS, eveasr afB%r lacayele.of IffVEZQm’@WéQ rewkt r@éﬁs remained

r%%ﬂ%ggﬁ%ﬂam%gn%@%w g §I%‘|I aceo|§ ﬁfgﬁg mhqbésrlrbﬁ sGﬁNlrﬁJ colonies were
abstaeld tivb eayseafter. plating ewhqamwblaam@h dlssmat‘p% ‘Q@WVDI%QQ wyith

ECly Eﬁ% 8%44,]%{%3& crlﬁtrzasl E{f}ﬁ sal8 Bb?—! ktley mlt%l %&8 RGN Bf the hBS

e ce en collecte
cetista a feeglet-frea cultlire aysielmlAacqrdinmwaelmm dmpnla@ﬂja method for transfer

ThR,
G, e 6 o4 RIS WP 1 gy Sl cu
fidra tiyefeatien I thetFeedénPee exashpies hereine phiydhgicetitrepart ¢ff each colony
cell spensi [
%%ﬁﬁ;# v@erqgsglﬂg%(}gg? k@ﬁ?@é}(ﬂ gf?l tﬂ? ﬁ@efgg{g C?nﬁM:\Nere detached by
gretyimatic treatnedrt ivith emat rustl«drwﬁ‘@mlmtmbB@ céfures Wrﬂmfﬁeder cells.
er-supporte
G R et Pafot e oL BrioaRl oy CFUBo Ay 1ieecer
afocid mMsenbao“érfeedt@Sre@elurfacenpa;omeulmaqtnw@th@rcésm@rtant surface
i nvention ™
LB R e Al S B SRt B Fyatiger are
&aesllui@t hatds proteinbdike ichitageeltyse IV and laminin. Activation of the cell
surface integrins upon binding to extracellullar matrix proteins is believed to be a crucial
step for the regulation of cell adhesion, survival and proliferation. For example, Integrin
alpha 1 has a unique role among the collagen receptors in regulating both in vivo and in
vitro cell proliferation in collagenous matrices. Laminin-specific receptors, possibly formed
by Integrin a6 and 81 which are highly expressed by hBS cells, may also play a major role
in the adhesion of hBS cell to the matrix surface. Thus, one possibility is that some of the
important surface receptors for attachment or survival might be negatively affected by the
rough initial Collagenase 1V treatment before the cells have adapted to the new surface.
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transferred are stable for at least up to 10 passages.
Studies by Richards et al. showed that the hBS cell

wo pove®9I28tl d not be propagated in an undiffer ertT/BPE04/005031

state for nore than six passgges on cell-free

matri xes, including Matrigel TM However, the hBS cells

|H\/ﬁ{ee?>éﬁqﬁésaﬁér§m o rHHt t&é}l(n?q'%eﬁ SR8 @anSRr MERES ﬁ@llsﬁMa feeder-free
pressing t ers undi fferenti at ed hBS

epirorment\ate Hf\fﬁéﬁfgaéﬁcb plines bdfm?ql”'é‘é"z:él’ MRy Mgtical 6"559%\2% in

ré ras d S‘élpédh%g onr Uél¥at‘é%‘ﬁ9%ﬁﬁérﬁuoﬁzlﬁuﬁ'th@fm&éetheanethod was

gn| | cant | er nunber of surviving colonies were
debelopedin AT’ teafg@htaveﬂ@rvg -irAMreRAgalipR ANdiEERmAealg Production of
RRRALE balIAERs CPURARSEME nES ZURATHE 636 eghEhliabl

Itrcal step seens to bee the initial step for
aryapresesyation t@crk@lqu@sforzf@eé@gmaw'ag af thedRs Cﬁr"ﬁé\‘-?sc%ﬁq giragnined.
system Accordingly, belowis described a nmethod for
transfer of hBS cells to a feeder-free culture
Trgrsferg’ hiifepadisro fassen®® pOPRgat®Ne mechani cal |y cut
§Jb98?1l5{5ﬁ td Glgg&ftlon o\"‘thtehﬁné: %@@' RlasbrRe uﬁ?é@@@lk ﬁﬁs@ @él%l eﬂe co -cultured
e

centre each colo

it e@en cslls tqmtammjblmowt-awwedtsﬁ@n»ﬂﬁé) %elH@reONt%rsomﬁr"@g the hBS
c@ﬁ'ﬁﬁ‘@ heé Ylln@ig%g ﬁll? pldpRBAIERMS eXpdrld th@%n’fduﬁkoﬂfells
contam nafing t ureswth feeder cells
Furthernore, the use of enzynes, at the very deI i cate
@f@% eﬂ?&péq;a"ﬁeﬁfoﬁﬁe' HES Edig i & stfer-rrel lshsterd tHeEhBS Eéllssméyabe
d ree surface, nmay cause inactivation of
tramgtarmedrio adgederdeece systestul es i nvol ved in cel | adhesion
and growt h. The nmjor conponents in Matrigel TM are
extracel lular matrix proteins, |like collagen ty
Asentioriedihereinbeforaandas Bis deronsiatedsin ﬁ*ﬂ%g@eq%ﬁ@@rw@mes a
(%IHFQ fQétBrdi'oP etébcﬁésEsr |ﬁ‘f’|‘§% ﬂ)r‘dgég”é'tloﬂ%tf 'EHeXh% BLIRI i8 e Method by which
eved t eacruc:| step for the regul ation
to¢ hB8| qellamS&fredg‘mm a\f@@deaﬁulttﬂe systeeytat fgpderefge culture system.
,@&‘?fﬂ%g@(] thé‘hggrdeﬂs n‘@gpé?tréqs?@lf?edat&iﬂé FURcF-REE cARBSystBR by
receptors in regulating both in vivo and in
raéchanicabdissqntioni whicamay rbemrf@m%@e\o\%u@ olags caeiiaries as a cutting
[
F@inkg SRowR E‘F‘fhfe 59?@?%%’&%&@ &Pﬁﬁfcﬁ‘ YsdRIBH reditted mhell3 gwuch more

ntegrin a expressed b
Qﬁg¢l$r§ attaglymantses opllsagw the Marigel Mon énorp ,ﬁaqu] erqlifgratignogenggared to the

J}E%%q éatéoocdlﬁfesnﬁhé g'Lé SHE hRREmudh ﬁﬁ){e SRR kﬂia%éé@és

t hat sone mpor tant surface rece& ors
Mmahmgmrthe orethag for VQmsfmrlgmthebléS relimacapedipg by édl‘ﬂ\@ﬂltlw does not

I
e R0 ik AR 36 R B e an
ralife B 0dd <) deBiRt-reg Fonditienschayr anpitetic indexeihat was sigtlanto that of
c%eﬂggmvﬂfﬁﬁdé‘r%ec}ep%oﬁ&mf er of hBS cells to a
Fee environnent were investigated, either by

mechani cal or enzynmatical dissociation, in regards to
'ﬁ% %rﬁggﬁ'{%@ At {til%ez Hl5¥tjo -déme% 5’3&3 gﬁgﬁt%é(?rﬁﬁﬁéegrbulturing the stem cells
lﬂmhar feedat oell fmeﬂggltoaﬂhwcmdﬁmgaaa Quhtual’r@l thedhBfe celisavithout feeder cells

Ofg @P%ﬂ f(%jtvgratgﬁ%%ﬁ&?#s? eoéFqHér@tlé H@?e@% Bo\; érhe on%omg production of
feegkermeﬁs ghe praducticrecthiSicalls nfiay bef easiefi tn grala awita gommercial
Maﬁ &%ﬁ a%?lthg evl@f\o 2L 8 SNQWaﬁ?}‘ér or dthePRf&ioR fistStom the feeder
derY Sl S Feeder- 7 e propaga
cells.

Thus, the transfer and propagation step under feeder free conditions may comprise the
following steps of
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Subsequent to dissection of the inner cell mass, the
i nner cell nmass cells are co-cultured 10 with feeder

W@ 2004994285 obt ai n a bl ast ocyst-derived stem ( BSCTEP1004/005031

line. After obtaining the hBS, cell line, the cell
line is optionally propagat ed3to expand t he anmount of

cells. Feﬁ'é”s?erﬂf@ H@@%@ﬁ/@%&ﬂ\/@@ BB B rSm ifdedRer to feeder free

feeder-free sys I's my be transferred
to a feed@ﬂthebsemyBammltreatthent| oned herein before

and as oa;%tl%Pg@F%UﬁLﬁrrn?ttﬁ% blaBtob8 dEERAEL e i &fis BNaETEESer cell free

cr|t € success I n the propagation
of t he hBSow# tenditions firea suitahirigneytwredivm andohesa seitable support
i s transf f a feeder culture systemtoa
f eeder - frsgjebr grg‘ff%ﬁg] system Accordingly, the hBS
cel | s mhisoptionally, passagingiie bipsiasestidesyed Sereesldinetayeey 3-10 days

syst em by, %gnmlgrga )%lr n@cﬁéﬁﬁl @BimaMti ch may be

per f or med ass capillaries as a cutting
tool. As shown in the exanpl es herein, mechanica

l\g(ir%%g;ﬁ'aﬂts e%'g i eﬁl rLJe |ﬂclh€%@ much more efficient

e Matrigel TM a nore rapid
proliferation conpared to the enzyne treated

LTy 3 {07 ol o
TrodrnSter sldpshasciendouty e neiticalie P mandesed aovEbACcordingly

tég grérp%f @rﬁ%}o‘éﬂ%&@%bfm‘é 25T éhangﬁgllfs E‘odléhotnrtﬁ" mechanical

ece scutur roliferated
dissstetiorf afdbie celfsrip éhe taedet ¢ultnee $ystesn.alhis nechanical freatmendmay be

%ﬁ & trﬁ%énngrof%ﬁgsnﬁ%blggtg n?% oloﬁ?&?%@rbb?égglﬁ%v& )ngﬁ gﬁéerrple(}eed end and a

sizectivatie Iabpqupnateo‘onmel oyﬁmgc'ﬂhet ool mgy baeasiesrhapy spiablematerial such

under fe [ [ I
B SETERT oRSp b bR G AR St R REbIEEE % a B8URH KAl a sterie
m\vsmmbd@%s capldihryawuh @.2§.degheeranglesamba 266 @r 869 migremeter lumen,

gg?rpcuﬁgté blaﬂguu?gtlonf%%qﬂnsfezlolf ﬁBStclaﬁ)n%rsogPﬁér'tsoﬁ HHIS colonies.

asier to commercl al
Ipisquitoniiiced by SBvekrbdrbkab IndernationabAB cﬁllldBWSW@msf er or

other infection risks fromthe feeder cells. 35 Thus,

the transfer and propagati on step under feeder free

T:lmlmBs callssto betransfguredse atchieny bbhBD weleanst mgsews cyigrom the centre

%qg g@é?sr?%g@égggg 04 Qlﬂtggﬁjm?é%&ma%s c,Ieg ARLRE. r'l*r{égceﬁll?:ﬁjsters are

Pein'ce er to fe
disseiatedintoiianidally wee loamiotatimes eat oetiltthe pall @mter@rmNByﬂ size that is

ﬁctg%quurib%gﬁqcﬂ%sgl%%sgar %ogearb' f %}ﬁ%&ﬂ&s?awﬁ%b%, at the most

con I ons a Sul
SR 0%mattha mast dbout m% ar stuhe atoisbalzayb e of that of the orginical colony.

'Frlljebéc*ltzé %teeg caetermlned as the diameter of the cluster or colony, respectively.

In the feeder-free examples herein is given suitable conditions for the transfer process.
These conditions may of course be varied within appropriate limits, which is within the

knowledge of a person skilled in the art.

Feeder-free example 1

Preparation of conditioned VitroHES™-medium (k- VitroHES ™-medium) for feeder
free cultures

To prepare mEF cells for conditioning of VitroHES ™-medium, a confluent monolayer of
mEF cells (passage two) was Mitomycin C treated and seeded in a concentration of
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c) optionally, passaging the blastocyst derived stem

cell line every 3-10 days by enzynmatic and/or
worewhass2enl treatnment. Normally, all steps i) PCI/EP004/005031

are included. 10 Transfer of _bBS cells froma feeder

culture systemto a feeder- frée culture system The

fcﬁsBSc /ot Bk Qéaﬁ@e{bélf@lgﬁg) EQatE@ cAitFs FilbIE R | D@b&RoRModified

i one transfer
Eagiad\ﬂwume(aerNb suplemanted With 195 Beoisillia$teaptemycin (PEST;

166?@946)0 3hos Ifjétélslﬁci‘i/fdeoéleraﬁu (%Bg()i?ﬁ&i E%M'GE@QAMRRSGII 85upplement

ani c treatnent ma
(mmwbyalhfeqnﬁmcfowlngmpgqb|c@r|@tm iGhy u%m@g@hma}go% incubation

pteﬂ&]j aH@Xh?%ag% ?vﬂﬁhe C@ﬁ?mfﬁﬁﬂtr o@l e rﬁ&ﬂ&m'v%s discarded and

appropria I ng de of
repigcesvithaYitreHESMemealiurg (GBS milssm?afag 2 241d1lca§1cpedlts@m@@ perod. The

c?ﬁ&% i EKFIRES ke aplf ﬁ%@EtSﬁ"@ nddfun® \ﬁ'ég édll@@%ﬁ%éry day up to

IS a stéerile s | ass capi |
tm‘éedlemsef@natﬁ@l mandER q&lﬁorec(m m@a@ﬁ MQ)@@? sterlefiligyed by using 2 0.2

'uh%ﬁ% %mr‘d'ﬁ@tﬁ&ég@pr@ lﬁﬁ{g@fdo g S\ﬁé%rgr'ﬁ{bslf( KhitrdHES ™-medium

OnleS on|es
Vmsad;&d @threSbm@ﬂeLﬁtbezm alr-201G arhsuppismezited Wgh 4 ng/ml of bFGF

(ﬁ@%ﬁﬂ Ianlpcgqerﬁ?En&e[Uﬁet'Pné)l@ \%lﬁé\%éﬁ’r Fn%gluh?'m%y ‘B%lL%BM &up to one

I's cut he centre
wamlkofrgzoradcht $4%p dMbieni storedsats 209Calor Bp r@mqmpat@sCm ﬁlgn of reduced

AR Bo BEIEI M aBL° . 010N T Che cel

clusters have a size that is 25 at | east 50% such as,

ST t about 40% at the nost about 30% at
Ff%ge%rg%e&gﬁmgi?fzo% at the nost about 10%or at the

Transfeaiingiof BBS willtlines toffeedes frpegromdaicopditions.  The

i £
|§I# él%élscs) cr:]cgl, I%re% g%éég @Hec??n Wﬁm%@e@fégét ? (rer(]e&dé)@( g&écfézé f10-50
dessajes arel qyitured is Mttcm-lﬂﬁ‘ewfrmdjumlsunslemﬂtqdwelth 4@%@ @irhuman basic

f%rré)qi?%%gop t§9acT$}e(§§Gf?nd' tions may of course be varied

propriate mts, which is within the
knOV\A edge of a person skilled in the art. Feeder-free

T RO PR Gl SRR i e
quiteresto datifigel Betdated platesoonk withomeglgani¢al dissociation and one wnth
Vit roH I

3%%}?5%??} S ufne'\}l?l?§ afd \H&E:tc%:?g;%?qggﬁégﬁeégséwﬁﬁg r&&jelsénted the
mmdteemtmeamlmy of uvmmamaeszetﬁn@m Esweomda@@o‘s& BItBE' Sweden)
59 00 eI | s/ cer [ t
351 P Ph B R DeREL ot LB, 39818 co oo
s(t&lé/EMrpsnmpglemamwthrywwmn d 286 &gae enpleiandSt 2&phendgicinigrometer
( PE 10QQ0U/ mi I ' :

AR Tor R BT IHERP: rShfy SRS el Bfars of s

@Id}ﬁésBRhé brodutedioe 8yeGed|Labdutern@iondlHE, Bildak Sweded.
hour incubation
Enzymatic treatment with collagenase (for comparison)
After washing in HBSS the cell clusters were transferred to a Collagenase IV solution
(200 U/ml; Sigma) for enzymatic dissociation. The cells were incubated for 30 minutes at
37°C and 5% CO,. During the incubation period, repeated mechanical dissociations with
a pipette were performed and the dissociation process monitored in an inverted
microscope. After the incubation period the cell suspension was pelleted (400 G for 5
minutes) and washed once in KnockOut™ D-MEM (GibcoBRL/Invitrogen) before being
resuspended in k-VitroHES medium.
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5 period and one wash with PBS (G bcoBRL/ I nvitrogen),
the medi um was di scarded and replaced with

wO/2aon09RSTM medi um (0.28 M/ cn) for a 24 houPCT/EP2004/005031

condi tioning period. The COH%I ti oned

Vi t r oHESTM nmedi um (k- Vi tr oHES & nedi um) was col |l ected

every day up to three tines fromthe sane nEF culture

(in passage two) and sterile filtered by using a 0.2

wﬁhaowabd@t@raﬂ% anelrdigg o thednverdgh st edt , Landskr ona,

%qﬁ&:)hmg-r? Herééﬁltzzgg{\érgfﬁr@é%ﬁréﬁllly‘@%séﬁﬁgd %échﬁlﬁlcally by using

fresh or "a reezing d suppl enent ed th
ﬁg/aritonaﬁtlcmatte Tiw d@matlon\nr@%gmﬁ gofPited whee Qﬂe size of the

cEll %ll.ﬁte{ éﬂr%@%;{ﬁ%&ﬂd% gﬁ‘}’/ 18©1/98 gfjthEQ{ngHﬁI écﬂoﬁl@@ (average of

tored at stored
W%@ﬂﬂﬁd@ggmﬂkﬁ@r@hcweap@a@ﬁ@ép thgi siree{ el @gwgéﬁﬂ&jwns@ted by

(%ﬂltgﬁglﬁa%% IVR%W %s déﬁ%lrlgﬁ & 968vel Af?eﬁ v@éﬁfﬁ@'l# HBSS the colonies were

serrln? nes to feeder "free growth
teanstireeiddn §01agena%ﬁ Vhedutioal (ROQ Ufel tenetae t%?fﬁﬁyw%@as%*ﬁtlon

FMr | Qerbe H t%@@‘ﬁ? E%ﬁ(;{llne & §eédéd1nq)t659ur \M@%%?ﬁ%nd incubated

ture I um supp enment ed
at@grcmm 5% mnﬁacbasmerlmemt mies ierestedyfogniimes authothe same amount of

dehE %dedzéécﬁ‘m}eq ﬁfﬁté'eﬁ@g . eﬁ? 255#3”&’\@ $olRY 8iz8\4Ak Wk ®Rr (vas

transterring o romfeeder <culture to
dequldteg®dl TM coat ed pl ates, one wi th nechani cal

di ssoci ation and one with collagenase treatnment. The
hBS cells were cut in square pieces, which represented
Résuilts of tegider-¢e examplel’@mg,2 by using a stem cel |

Il 2
Db YRR Bl AR/ Byu B e iRl 43 Qbins, e
dithereni t@nhnlqw@ wereevalgptedt org witly mgchaniegl ﬂ;@ogg‘gﬁrp@rmggwe with
%8&%8 ag%élgﬂ&ﬁ M%Mhlc%l ARsHG4H, a)%ereéﬁ]ﬂeld% anford G attachment of

desi ghe or cu
edia tpthedvatdael ™hand a nane fapid DmIIMImdomﬂaé%é toghe garyrge treated

(lcﬂjltygarléﬁétsﬁ; f%%h%éhlgl‘éérlriu@tfyr Bg%g@gmaycg% ‘Zﬁgérj{glo?gerved two days after

latre, mbrn mechhnical|dissgeintierewas eempareg avithswaymatie dissociation (fig 5).

ﬂ%gé rf%réepof'élﬁ%ﬁvhs Olg{?ﬁé fatéd ?‘ég%’ir@)em ra?tg? H%Q«?é ?Hn%tﬁ fRe two

nase
cﬁfﬁaxenhtepbmdu% cespattively. WH eomphites! (Rep SO hcﬁmﬁtemon'e@ gix days after

[;'J'Qtl O@Qtt&al caotk%né/}? f?ﬂtﬂe cﬁgﬁlcal |ésr6Q|aEé?JecdltﬂFeLékWérb%ﬁbnlﬂcantly

ocl atl ons
|pcrpesecbc<vmpaare@ aiith dhmemkymﬂcallyedlsaog@tﬁﬁ eultuens (FFO 88k
nmonitored in an inverted 35 m croscope. After the
i ncubation period the cell suspension was pelleted
Emﬂr@e‘eoexaﬂ'mplmia‘nut es) and washed once in KnockQut TM

Pl i Bread drhes B OlnE S ERIeRY 12504" 005031
Bcﬁiirkzﬁa‘tdnamtl cediliings SA 0024 088 a3 d2tliand Shol G7heerenisedin alh
experiments. The cell lines were propagated on Matrigel™ for up to 35 passages and the
morphological appearance and other hBS characteristics remained unaltered even after a
cycle of freeze/thawing. All cultures consisted of well defined colonies of hBS cells without
morphological signs of differentiation. After about 3-6 days the cells were passaged by
taken away the medium and 1 ml of Collagenase |V (200U/ml) solution was added to each
well and incubated for 15-20 minutes. To facilitate cell detachment from the surface
mechanical dissociation was performed followed by another 15 minutes of incubation. The
cells were then washed, resuspended in k-VitroHES™ medium and seeded at a split ratio
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After washing in HBSS the cell clusters were carefully

di ssoci ated nechanically by using a 1-m autonatic
wW@LREen9$285 The di ssoci ation process was conpl et BCT/RPEN4/005031

the size of the 5 cell cluste%Z represent ed

approximately 1/10 -1/20 of t ori ginal col oni es

of #4865 6}9060@[, Mﬁﬁ%é?g’p THE MBS/ d?.ﬁthl%'s '%Hre S8l every 5 to 6 days and the

correspon he 'size aggr egat es generat ed
nwuumas@gemwbewewse@ad #b’ﬂwd d§¥ descri bed above After
washing in HBSS the colonies were transferred to

col | agenase 1V solution (200 Umnm) to start the enzyne
%isa&of:ﬁeadfelefme eamp/hé two di fferent techniques, the

d%)%%k/%’u 2 q@%@%@f‘&% n%cﬂéfssé@é bShS ABR @NE chBBkLPRE M Matrigel™,

experinment was repeated four
enzyres | treahnnehnt with c@aa@er@ﬁ@ lhwap needad fodedackfbg calgpies from the

SEH% E%%gﬁlétl(t, ﬁ’? at | J?ﬁg%%gﬁag{eh\ﬁaé@k@ AR 18 @iv@kh increased

s of feeder-free exanple
prolifgration ree a&er@@pdmz@ommaﬂ foameehanicahgisseciation- hBs
cultures fromfeeder to feeder-free conditions, two
di fferent techni ques were eval uated; one with
Feedbafree @xamipdaséci ati on and one with enzymatic

‘%ggé'%%' ﬁfdt% d\@ﬁxﬁaﬁhﬁl‘ hﬁS%%ﬂE'cﬂithPéu bR Mt Ngeinmn a

C|en attach s to the

Bowt differentecall dipesiSA ORI A |0§6,| h 18@ AP SédT Q7oW@rﬁér6@?§W@1
c%ﬁgq’je%%ge \'4 \‘Hr%rﬁmlnﬁte%'tg egéérg QE ¥el¥ ﬂ&ﬁ reaBIh‘ BiMRF bfore freezing.

ng colonies were serve days after 20
Apiteat:elmtgfugahermthmHaWerﬁairarmefEﬂsicﬁoéﬁeéﬁg\m%d'@'BnWB'PBGonta'ns k-

\)Aqré l]:_$ H@th’?c&h&iﬁlﬂg 185 BRSO, '39%5§erumTrE§IaEélhéﬂ\t aHdePng/ml of
oni es generated on lgel TM afte
bFigh's mca admaentr&llqrmfﬂh“ellllommdl%lp@rfré‘rféﬁﬁzwtgé'ﬁﬁ‘ﬁP@i‘uEge final cell

salgé sch Y& ¥ mlyé@?e &Q{Sﬁg&ﬁ@t S{;F aHPééu CItRs S e ATBR 8tubSE 10.5-1.0 mi

colony area In the
afeeh alusmasioy) vs!e@s‘epldbltt@dlsmeﬂ tie Blalggae dreszigaicpniaief faf storages in -

G L R A S B gl

and Passage of hBS cells cultur ed on Matrigel TM Four

ﬂ]é{%%@%}e%?sl ,&nes SA 002, AS 038, SA 121 and SA 167

experiments. The cell |ines wer
mvmpalgrﬂmanmuwamas tgdleTnerased apd pcer@gteﬁatﬂ,@rgé%avaﬁ@i therells by

Qi%%rpgaﬁfée?}/@gﬂ)ésalh FPREAI g %nﬂpgl ﬁgngﬁelhﬁépensmn was thawed. The

ics remai ned unaltered even after a cle
m‘il sispamit Wasvransferrdd todog pehestedanedigmder fbmm@q efore

SRS RY 7 aigHEs), S gat S er R IPDYBekSluere

reewrateddweamagedf loYitroH4a&EK-raediymtte, éwam@lsmﬂdanwatwo minutes
1%7 h’ﬁ @é% lef ¥ ag feos%gégc%gsh‘r?n l(nl’vu r&qEWm?g@ﬁfﬁcgttrir%&red fo

@&iekzded)mbvafﬂaMatrfgeﬁmmd‘(es surface 35 nechani cal

di ssoci ati on was perfornmed foll owed by another 15
m nutes of incubation. The cells were then washed,
Fesdesfesedexchmplels- Vi t r oHESTM nedi um and seeded at a

éﬁgllatcterr?ztal’u%nvpfe O(Peé}/ f%%saﬁél rgﬂé’épgqud'/ 005031
All characterization experiments were performed after establishment on Matrigel™ and

after a cycle of freeze/thaw.

Immunocytochemistry: The cultures were passaged as described above, seeded into 6- or
24-well Matrigel™ plates and cultured for six days before performing the immunostaining.
The cultures were washed in PBS, fixed with 4% formaldehyde (HistoLab, Gothenburg,
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37 of 1:2 to 1:6 onto Matrigel TM The hBS cul tures
wer e passaged every 5 to 6 days and the nedi um was

web@agesisevery second to third day. Result of PCT/EP2004/005031

feeder-free exanple 3 5 Ooser\rg)gtl ons were nmade that
duri ng passage of the hBS cel est abl i shed on

hgl%lr]l—ylmm@t@ﬁ%['ﬁyg f’r{ 3 e&re%ﬁdhh&@Wa@lWQ@é?n tYedVBiies in PBS.

needed to detac s fromthe surf
Thezyenadanat pr@aammlb@mes vepdoure &i8Cire 89aINshSPEArid -3 and -4 (1:200;

SEVER ﬁ%giﬁ@'ﬁﬁnjze;ﬁﬁ tl)rgjrgrﬂ déeﬁ{kaUhiQQrsftﬁbﬁloﬁfat ﬁ‘fwaS@Wj'lN)gTra 1-60, Tra-

COﬁp re ssocl ati on #ee der -t

TeSchti2Q0; $acrw@mz@@tevfmqlm aarfo (Hegi iy, and RelsCleRal rabbit anti
%b% g@’%@% Ihl@ékf ig@ K@%E%ﬂﬁsté’t@ fﬁ%@?ﬁné?ﬁlahh&doﬁé%&w&émcubated

'SA 167 were treated wt
el higheat4<6 he'fprﬁéaelr@ou%@h?rﬁdrﬂﬁ'“@saﬁ%%r@é%%%ortFHECC gpniggated

sfeE gﬁ‘u&b‘dté%f %%601;&k&éﬁ%MResééﬁcﬁrLa%@mtéﬁe‘sugxpe.tsl GRove, PA).

S mere ransferred to freezing nmediu

Gohires werslalsanvhate ST mwmn@@wmwm@olq @A@w@@maﬂldﬂcﬁ
SR 'ﬁt()&@llog‘? %WéH%n?rbq 4‘|n59cfdﬁcer‘?tffauoh':cﬂﬁ 5 Udlmik for 5 minutes at

concentration I on ce reezi ng
roendi temperplige f tonaguatizd &l the @@ﬁbé%@'oﬁh%@"‘@drﬁuﬁw@ﬁé‘V%? rinsed and

@gﬁ@eﬁh%lﬂ@ﬁ&# ho r?f&n?ﬂohnﬁg‘ﬁé&ﬁﬁv (DERSpé’cfsVNB Uhess, Sweden) and

suspenS|on were rap
visushizsidein ra@dnvaﬁtedélugméemtm@rpﬁﬁ@oecw% E@IPS@ #29@%%&&%&“"6

p}H?)s h% ﬁsA@ﬁ%rtalﬁ*th%? th‘%rMé’th%éle’a&SItufr&f hl?yS2 t&Qﬂér\ﬁaspgériilé@out according

st'iorage”in Liquid Nitrogen
tomee mlsuf@eMr@- Sklnslrltqtl@iHE@ﬂM msammﬁrﬁaly Q‘@"%‘e ﬂﬂté Iafr@d\ldrlch)
and preheated before thawing the cells by placing the
cryotubes in 37water bath until all of the cell
Falgperase @ntl\msMatrmEH culiured hB8) ells wepsehivesieddysed and telomerase

%Jtl?lgf ﬁ{t | ?ﬁ HSS@EEF@Q%RB%%WE rfb‘stlés &b ®fannheim,

ugat i on m nut es) .
@mnargbamrdlhgm h@yéﬁac’@tﬁﬁ sstrpgonswel | s wer e
rehydrated by adding 1 ml of k-VitroHESTM nedi umto
the wells and incubate 30 mnutes in 37 C. The cel

Kaybtgpingmsd IﬁéS/ds'BmwMemlgeHM RropagpisHEER\selis diesignaisd for karyotyping
\&{argﬁriéu r%.-gidf’gei ok %Jur%rm %é]lcer‘ﬂd (6 1V®4Jnl Wlfrbﬁéwlsbad CA, USA),

ree éxanp ar'act eri zation
dlmmted firated unbunted oh @&sseslldies aid the lchramaesemesatisualized by using a

SRBFEL TP R S37) coF i EgBies v

ﬂ)dﬁanmed)atsmdsmmﬁ,t descrifide _Foutrbdhleseswem@ ip ity wyeritlization (FISH)
?ﬂ Cs[ésl3 %}%ﬁﬁ%}éﬁw égaellgglﬁ @RWW%SI% ™ Igéwﬁﬁl%éo%o'\@ﬁéb%%%ﬂ\él Vysis,

S before pertrormn
ingyDoestr Gidvg, IL) tThatainingtpuoles foecreomastrad 18n1HES, and the sex

0,
érlmrér%gsg}nngg ng aAﬁd % \W%'s, %ge géacoH_l ngc’ (o) thg%an%%&lﬁgpy fr3tructions. Slides
were analyzed using an invert microscope equipped with appropriate filters and software
(CytoVision, Applied Imaging, Santa Clara, CA).

Teratomas: For the teratoma formation experiment, immunodeficient SCID mice (C.B-
17/lcrCri-scidBR, Charles River Laboratories, Germany) were used. Matrigel™
propagated hBS colonies were enzymatically detached from the surface by using
Collagenase IV (200U/mi), mechanically dissociated into small cell aggregates and
approximately 50 000 to 100 000 cells/organ were injected under the kidney capsule.
Control animals were treated with Cryo-PBS injections or with primary brain cells from a
littermate. The animals were sacrificed eight weeks after injection and the tumors were
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WD 2004/ 098285 PCT/ EP2004/ 005031 38 Sweden) for 15
m nutes at room tenperature and then washed again

wao boog@o28sres in PBS.  The nonocl onal prinmary apcT/BPm0€605031

used were directed agai nst SSEA-1, -3 and -4 (1:200;
Devel opnental Studi es Hybrido Bank, University of
nlnﬁiéﬁ:até ﬁ?eo@ntah o s%h]itlo-ﬁrcﬁ‘ pl\ra@&maTde%ydélaﬁé péﬂaﬁﬂ{)&nbedded For

Sant a Bi ot ech ogy, Santa Cru

mfcmnlg»@lp@rmplyﬁlaﬁm teraloma WerpiseSed 111? §tP<5Th @nqieta{f@dwtﬁl Alcian
gi§l/0hn GidRsbat e) . The primary antibodi es were incubated
over night at 4C before being visualized using
approprlate Cy3- or FITC conjugated secondary

Bl 3Y eWnTbtmNAma%lﬁiéd from all four Matrigel™

or at Orl es, \West

quH@rgg hBScallilipgs by usingiRiygaay Mﬂj i(ltﬁgééjgﬁﬂe%a%ﬂﬂﬁ”r ﬁg %Njnanufacturer s
@tﬁﬁﬁor@ thé %DNAW%%@Q@@W%W%P@T toﬁmﬂﬂhsmgtﬁ\mv First Strand
In

concentrati on ‘of m nut es at

Qi PYRihpss Kit (iReche) end e RPReacgion prﬁerre%q' PY Heipg glatmum Taq DNA

%é’%ﬁé gﬁ\ﬂtrG ) Uﬂ?eSPbRrr@aétioﬂgnﬁ%d@a%uﬂﬁiﬁBFﬁ@p-’déﬁ/vﬁ@ycles with two
uor escent mount | ngqmpql um ( Dakopat ts Al

rﬁpw?d)cyogeefgéﬁyergﬁanea}mg alre, leqq@ygaigcgufor 15 seconds at

o Eof emﬁérré’tﬁFé)fB?1§ Ne&fRs %@66%%0752&1@%@nsmn for 30 seconds
I ne hat ase (AP) staining of the Matrig

atJBfQ;rB@ fa l@@pvcées/mlud 9 &PeatﬁWle%W“%temﬁr@me at 58°C.
TR {i%g rr?v%(ég]&}lrﬁéﬂ%égg@ %ésfbr”@ct‘% W@@ﬁ’e@b@&l&ﬂescnbed B-actin

aval onerase actl vi 8/
Avimers glereTlMedu:’lSt intesnpl leBSrde (dessevdd G{é@%%@&CQV@TeA AATGAGC-

PRHETLSEACRC OGP e inisgtors| e v
rtrodummwé@cﬁtlzﬁfeacﬂlona@bv getaletieopho@sicaising:  pidfigagargse gel Human
l&g%ar yo b&ﬁ\lleTMrﬁfoPErﬁ%@%@pa{] é%ﬁ/lalcéggﬁ%rgfﬂ@% reaction.

g were i ncubat ed ours
col cem d (Olg/m I nvitrogen, Carlsbad CA, USA),

ﬁ%ﬁ,ﬂg%}%@ggﬂfr@é 595{'5&6{%% ed on glass slides and the

using a nodified Wights
SetlimisngA OﬂWSQ;SB ShAya) andPBépl@F avarefrogen aed Hswesidy using

%%g?&ee&%%g é&lﬁﬁ q?f E‘?g ﬁ@% if B %)r{‘é%'s)f? E\%é(ﬁgalr%g&zal: c&?@ be founc?.
Aiter dmaveng athfduy caN/hndse&nlr\evadl and(stwntetd twwowmwvlaiageﬂ coated plates in
%bér&%ﬁ{e%ur Probe Panel; Vysis, Inc., Downers G ove,

al ni ng probes for chrompsome 13 18, 21 and
the sex chronosones (X and Y) was used according to

g?%oganufa]aﬁrq \;Hé ﬁ{ ngnéé]gilthé' %dr %ﬂfé‘re&lh'B%ectseH I|W8§ Fn %r@%{%{féféjconditions

i croscope e _
Wad demensdnatbdsafd ewmpared (cyp)re\(loas mspltsi\tqn rfe@@r bulagefﬂgf, the respective

0 Phés-TRS8 pabtestonS Rt BB TomiRby e i g Romngloay,
éxpréssiobrdf uadiffdBRtiatEdanarksrsRieleenerbsbhactivityrkiagsmty@e ana differentiation

,vvere used. Matrigel TM propagated hBS col oni es were
r’(%%ratl cally detached fromthe surface by using

Immunocytochemistry: SSEA-1 expression was negative in all feeder-free cultured hBS
cell lines as opposed to staining with antibodies against SSEA-3, SSEA-4, TRA-1-60 and
TRA 1-80 which show a clear positive immunoreaction as expected for pluripotent hBS
cells. Further, the cells displayed high levels of AP reactivity in all four Matrigel™

propagated cell lines.
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Col | agenase 1V (2000/m ), mechanically dissociated

into small cell aggregates and 35 approxi mately 50 000
w0 20020082800 cel | s/ organ were injected under theCREP290Y005031

capsule. Control animals vverg treated with Cryo-PBS

injections or with primary br Pn cells froma

bk ©F theGgiAb e e glisured hBS cell
ﬂe¥%e?5$ﬁ°g'c‘:”tt’? Ig\ﬁ'a IngeL e B S0 33828 e o

imeSTIAS 0B SAOEIORT SAY6T ITbaNBSaS Sulized PR Matagaly were found to
R& ghyde and paraffin enbedded.

I%%H ?és{/tegg(ggl %g{efgﬁc}ss% the teratoma were sectioned

to 8 pmand stained with Alcian BlueNan G esson. 5

r 28 baltwBRBAHEadatrigel ™
I@ﬁﬁgg ﬂ%ﬁkgl@ % éll\?&fyré% ﬁéssl\%@fbgll}l tured hBS cea roe

chivred caly s, A OARISEAIAT. Tee pheaseis)S HORyIal g ASe38 and ten

It
romf&éu% ﬁ%?n &ll linBSéANT\é% W@Fésfouﬂ_@fo SaRK é/s\?c?rg%n&@aﬁ%eﬁv

egocinec(ic 10 tT*(eR@mae)mmﬁfﬁ e TP f'Pm-'\ihPe%cﬂﬂ)?lem@feg@Fp@aed an
ol SiLREryBlyBL oPUS) TGN, X POMMEREASEd ML LA@ERRIcom to be

tion includ four initial
noyrokleaccusiing levents after projnaged quityingder hash feé%\sﬂér 9nd J Teeder-free hBS cell

ainealhnes tsﬁfgg %é%wﬁe a?ﬁ’élﬁs% &e8&ddy chFtdlr@@ hBSrcellé':? were comparable

seconds tenperature
VBt To6UI a0 Wakive! i epRgaUan {SI00SY NS d ek be MBS ool Ser opiRg remains

r‘[o?rlnEIoé(Hdr@aﬁé( Gh&S t?:ég‘el f‘ég@é* fhs 6&ﬂﬁﬁh§ %Hmr@ﬂ@%ahééq&rformed on

eratur f orwar d

tweqxﬁéwd\éetrlg@li’”‘ pmpagafed Icéu M@\Asé\u‘s%lxa(é@e? dShetf? RORL Arglysis was
Kntkgr tepl I 93%
B B X R BA 2 M LU SRS tested atloast 33

VEre GOAGACTTENESUGTrRm teT ElSitaralgsis W&@OC%@P%?*&JG Wéthyresufigdrom
f&%&r cgﬁ&ﬁg%gg WMliResi ze fractioned by gel

trophoresis using a 1.5% agarose gel. Human |[iver
was used as a positive control and water as negative

'Fe?gitof'rﬁ foﬁﬁétloéh‘g %@ﬁ&ﬁ?&%h&pwas Regothiesd fof W\foelﬁgﬁgelﬁm @6ltured hBS

exanple I nes SA 002, AS 038
il dinGA SP6 T8 AandeSA POZ.eanddhe FQSWH%HOW tiat iggptomas formed consisting of

cﬁﬁé/rgﬂt{é:t‘ec'c? @tefng Risb & FB@O%%E.@%&Q {r%ﬁ?aclf tﬁré’é"%@rﬁh?ﬁ&@ %erid’(‘)derm

aracteri zati on oun
raé$odeonand eclodeimegrowding ievisgneminat thervattge! 5" gmegetﬁd hBS cultures

%ur%tgﬂeg%&roﬂb@%nai tes in sinmilar pattern 25

otenc tenance of the four different hBS
cel | I ines in feeder-free conditions was denonstrated

8?94{ % NG (t)& 4%)&%%%’&] WESHbR ?rhélpirouf ﬁé;ﬁﬁlres CUltdrdd ®h Matrigel™.

respéctive I nes. ese characterizations
were performed by exam ning the norphol ogy, expression

Igéedéwrl efe?aﬁ-ﬁ)gé gt ed markers, telonerase activi ty,

ifferentiation in vivo.
CGnmpausgm of itoitictingex sBEHBS celis puaymcbnnde@eﬁd@raﬁe% gonglitions on

{rlée‘?ﬁd&{at&i Sﬁlt&"l:&lﬁbgpem%BS cells cultured on embryonic mouse

feeder celis

Cell line SA 121 was cultured in parallel under feeder-free conditions on Matrigel™ coated
plates and on embryonic mouse feeder cells for 3 days. The number of cells in mitosis
was then quantified by nuclear immunoreactivity for phosphorylated Histone H3. The
mitotic index in both cultures was calculated in order to compare the growth rate between
feeder-free and feeder cultured hBS cells,

Result of example 6
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cell lines as opposed to staining with anti bodi es
agai nst SSEA-3, SSEA-4, TRA-1-60 and TRA 1-80 which

WG haw/028283 ear posi tive inmunoreacti on as expecPEHEPN4/005031

pluripotent hBS cells. Furthey, the cells displayed
high I evels of AP reactivity ift all four Matrigel TM 35

FESPABIR 49 B TR g o o

tadeedsr ver aentlitionst Fieedousfiing KimeNar the deadexiiieg|aulivies wemssroughly the
[{aeéso- Q ?51% The hBS cel |

%ﬁlkét {?{ééd on W@i%ﬁ@ﬁ%&?\éﬁo 0 A%%géﬁgﬁie ﬁi gh Ig\?elz

of telonerase activity. 5 Karyotyping and Fl SH:
Karyot ype anal ysis was prefornmed on two of the

Matrigel TM cultured cell lines, AS 038 and SA 121.
Three of three cells fromcell |line AS 038 and ten of
twelve cells fromcell line SA 121 were found to
possess normal human 46, XY karyotype (fig. 10). The
remaining two cells fromthe SA 121 cell line

expressed an abnornmal karyotype of 45, XY and 42, XY.
Al t hough, karyotypi c changes seemto be 10 nor nal
occurring events after prolonged culturing for both
feeder and feeder-free hBS cell cultures. In this
study karyotypic analysis of feeder cultured hBS cells
were conparable wth results after Matrigel TM
propagati on, suggesting that the hBS cell karyotype
remains normal and stabl e under these feeder-free
conditions. FISH analysis was perfornmed on two of the
Mat ri gel TM propagated cell lines (SA 121 (XY) and SA
167 (XX)). Analysis was 15 performed for chronosones
X, Y, 18, 13 and 21. For both cell lines tested at

| east 93% were normal. The results fromthe FISH

anal ysis were conparable with results from feeder

cultured hBS cell lines. Teratoma fornmati on: Teratonma
formati on was performed for two Matrigel TM cul tured
hBS 20 cell lines, SA 167 and SA 002, and the results

showed that teratomas fornmed consisting of
differentiated cells and tissue representative from
all three germlayers (endoderm nesoderm and
ectoderm providing evidence that the Matrigel TM
propagated hBS cultures have retained their

pl uri potency. 25 Oct-4 expression: Cct-4 expression
was high in all four cell lines cultured on

Mat ri gel TMFeeder-free exanple 6 Conparison of mtotic
i ndex of hBS cells cultured under feeder-free
conditions on Matrigel TM coated pl ates conpared to
hBS cells cultured on enbryoni c nouse 30 feeder cells
Cell line SA 121 was cultured in parallel under
feeder-free conditions on Matrigel TM coated plates
and on enbryoni c nouse feeder cells for 3 days. The
nunber of cells in mtosis was then quantified by
nucl ear i nmmunoreactivity for phosphoryl ated Hi stone
H3. The
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mtotic index in both cultures was cal cul ated in order
to conpare the growh rate between 35 feeder-free and
w0 e@de9s28ul t ured hBS cells, Result of exanpl e BCEAEP2004/005031
2004/ 098285 PCT/ EP2004/ 005031, 41 The nmitotic index
was simlar in cultures gr ow*inder feeder-free
C‘ tsr! gel TM conpared to feeder layer conditions. The
oubling tinme for the feeder-free cultures were .
1r Sugihgd tonwitrifcatien elaedsmgngsisingur s) as for feeder
propagated hES cells. 5 10 WO 2004/ 098285
PCT/ EP2004/ 005031 42 dainms 1. A nethod for
i)\wiansier ot thei astls tf a Gest seutianoleplutiet Ay i) transfer of the
. o | util on ' A, 5ii)
")g%tiu"ﬁﬁ%f’g“ klid}il%ﬁtt?faﬁ‘%o%h%& rlth éggégfﬂ:ug&l‘n the first.
iii rhosfeothe deils pbiginad 31 step i) iyt 2 seesndfotuiign (splutios P )
L Qr s 0 t. | L B) .  1V)
v Splislaly B ARFRSS ikt Bt SEAFEHBORY L e tbng |
v angferoof the peltsrabtained from stepsiiiceriy)dnisng aidepre cinsed siigws with

Ty . - | .
iRl Shie 3 BB B fBgf 28\ SRFEs Sortatea B b,
vl);sehlm'c?’tefl onB drhmn%cm)@eq/ist)av%ahdng :_he on]? ?rh nor e

0S, str an vii) vi cation o e one or
Vﬁ)df]télﬁ%?t@é’lé)g\{@q P Mmore Closﬁgtsﬁjg%accor ding to claim i,
wherein with the di mensions of the closed straws
2 g0 Bl BT ST R e B 2, oot st
ARMihe BBrrihbdud 2epbidtabbat 2800t sRBGas, e.of rfomm abouit2028 t¢ about 225 pl,
oot a5y T Wbt o oo 28 4581 B btz
&Qpa%outﬁsgg],lféﬁgéﬁoﬁgg thooab%gp*#% diSfrbm dboanB@pItabé0t 100 pl, from

to about od according to any of the
ghoataijlig abbaf Ty, twerabont 4o abeut 80 Bke BS cells or
20 BS cell lines. 4. A nethod according to any of the
preceding clains, wherein the cells are hBS cells or
s BSnettbot actording t@anof the piededingaidmsdivhereinoha gglisparetBrp cells or
Eg%eclﬁdi ng clains, wherein at |east one of the first

§" Y€Cond sol uti ons conpri ses one or nore

cryoprotectants. 6. A method according to claimb5,

. e%g{h%dtarégor%{h% t3'an{ Bf fhe Pra/ Qi GhRMNvReleth $EIcBIE £€ hBS cells or
hBS cell lines.

5. A method according to any of the preceding claims, wherein at least one of the first and

second solutions comprises one or more cryoprotectants.

6. A method according to claim 5, wherein the one or more cryoprotectants is selected
from the group consisting of glycerol, trehalose, sucrose, ethylene glycol, DMSO,

propanediol, and or mixtures thereof.

7. A method according to any of the claims 5 or 6, wherein the first and the second

solution contain one or more cryoprotectants that are the same or different.

8. A method according to any of the claims 5-7, wherein the concentration of the one or
more cryoprotectants in the first and the second solution is the same or different.
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fromthe group consisting of glycerol, trehal ose,

sucrose, ethylene glycol, DVBSO 30 propanediol, and or
wOorRooesess t hereof . 7. A met hod accordi ng to angCDEP10b£005031

claims 5 or 6, wherein the first and the second

solution contain one or nore é yoprotectants that are

gtb?%t]%e F&for&'ihéﬁ@ﬁ% fthRlafns F8Rh&reh |Re ‘fé’cé%dh&eﬁt@at@ﬁ)(calculated

erein the concentration of
ase Vivi % wiw er ) gbibe styepratertantiimthersecong §Q'U%ﬁmsweer “than that in the

X olution is the sane or different. WO
ﬁ%ﬁ%ﬁﬂﬁ@%ZSS PCT/ EP2004/ 005031 43 9. A net hod
according to any of the clainms 5-8, wherein the total
%oﬂ‘?ﬁélﬁ&?ébc%?dlﬁg% ﬁhﬂ} &*(ﬁéﬂms &%, %h‘é/réﬁn 18 ¥ Mprefechdnt &f trehalose.
he cryoprot ect i'n the second solutionh is | ar ger
than that in the first solution. 5 10. A nethod
1AC KRR AhOP at Qrah ’ccS’{:l?@#1 Wﬁet@lr‘?the%ﬁ&&ﬁféubﬁ%f trehalose is from about

cryopr ot ect ant s al ose. . A nethod accord
0c02Mrtp Bboutihbk sueh ashe.gofrre ﬁb@k&tq nMdp quéh%P%érqné about 0.1 M to

agagg@.égﬁggoml\ﬁb&ﬁ o Nﬂo%ggﬁ‘tto H\/MfroﬁU%blﬁ‘% 13 @ tg aboutr(P@B M, from

to about om about O.
abbuotd.4 01 ® aout ﬂ(ﬁ‘Mafﬁ@UtﬂbQUtZ) 42 VMooabeut 0. §5W' M f r om
about 0.3 Mto about 0.65 M from 10 about 0.4 Mto
about 0.6 M from about 0.45 Mto about 0.55 M 12. A
Refttoethed eceatiling te anefclaims SJiwhergn dhe gpiaprofasianés sucrose.
cryoprotectant is sucrose. 13. A nethod according to
claim 12, wherein the concentration of sucrose is from
1@hAunethad accadinyite olaib d2itwherain theieoncestrationyof sugfagis from about

t t M to
Gifothiogole| M BudPdge £ otfoppiTaghitiagBydo Miatrom about -
alou .8V, Fravh mbowtiha M 10.absuiNg. 7 M. diem alprsli O- ?oMzto mb%t 0.65 M, from
A 4%t B Mol OY ARG 0BuAP4N © HRGHE.8485 M 14. A

method according to any of the precedi ng cl ai ns,
mherein at |east one of the first 20 and the second
[
%étﬂgc(j: %er;ﬁ(j'ﬁfnéﬁ 8%(/:?“ & ‘B?éf@ﬂmggirléi'eﬁ% \Dﬂer@ﬁheeﬁtleasi- 8ne ¥ the first
andstb@sea:qndaglui@nmglpam visepsitpadiisting ﬁ@@ﬂh t he group
consi sting of Ficoll, Percoll, hyaluronic acid,
al bum n, pol yvi nyl pyrrolldone alginic acid, gelatin
i d rgetnoe rotordg ta elaurmﬁmmﬁndnéh@wsmaﬁg-adwsém@ﬁmm@ ghlected from
e
@ urdBRPERNF LKA BRRLINARIIRG hBE, 28GR, bSiyhARhroidone.
d@nwemm#gebbnaodgﬁmawl is at the nost about 150
mg/ M, such as, e.g., at the nost about 100 ng/m, at
t he nost about 50 ng/n1 30 at the nobst about 25
18yAthethat! acberdinggo chisod# of 45 nwiereinseidatisedsity-adisstingyagant is Ficol.
10 ng/m. 18. A nmethod according to any of clains
14-17, wherein the first and the second sol ution
mmmétmod rmecandingdo elaim 46 pghargindde aendendatioref iScelligat the most

2\%6? g%ﬂ‘{lnﬁ 88&' %é queiﬁqgegm% aéb?)éjt %Q‘ﬁ-@*}@g ﬁ@@%ﬁ&t ngut 50 mg/ml,

aifthe hesoalmout 25 mg/ml, at the most about 15 mg/ml or at the most about 10 mg/ml.

18. A method according to any of claims 14-17, wherein the first and the second solution

contain one or more viscosity-adjusting agents that are the same or different.

19. A method according to any of the claims 14-18, wherein the concentration of the one
or more viscosity-adjusting agents in the first and the second solution is the same or
different.
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or nore viscosity-adjusting agents in the first and

the second solution is the sane or different. WO
wQo0028Y85 PCT/ EP2004/ 005031 44 20. A et hoRICT/EP2004/005031

according to any of the precegi ng clai ns, wherein at

| east one of the first and sécond solutions is an

aqueous solution. 5 21. A nethod according to any of

the preceding clainms, wherein step ii) is include

292A methed herdrding to annef the Peecaring sleimshiesein at lnast Sre of the first

ut 37 C for atine

dag%:égﬂ"c#%ﬂﬁg%@@%&@g%ﬂ#ﬁggbout 20 m n such as,

e.g., fromabout 10 sec to about 15 min, from about

S d.
o NTRGR0 280 10l Br 1 BRESAHE i R bl e
40 sec to about 4 mn, fromabout 50 sec to about 3

éth8@‘a @hg%&’céﬁﬁ 2f %Iﬁeﬁ’éﬁHQh@ingiﬂhtioﬁﬁ@B@aﬁ&ﬁ#ﬂd ABbout 37 °C

sec m n 0 1 mn. 23. A nethod

fambrrnamgod ﬁom@etweem heeptaerhayt AY MiN sUeHsas. her EPM abprl10 sec to
?ht ﬁm’im‘f H‘Fﬁgout 153689 aduisb ad, f?é?ﬁ %Bgut@b i tB'a@bUl‘ 7.5 min,

ncubation I s er ornmed at about C
ffcom about|3ﬁr§epé® aboutf5 win, fremvabert 4bhere tosbout4 mndﬂmﬁbq@ 50 sec to

e[Ho[]t $ rn‘?rh ifotn ab 1’98 JeLqgLBAR litmlﬁofroﬁeébohm.‘?@é’é’{o a?bo'é’gL 15 .5 min or

am bou sec to about from about
ab@ottmlrabout 4 mn, from about 15 sec to about 3 mn,
fromabout 15 sec to about 2 mn, from about 20 sec to
20 about 1 mn, fromabout 5 sec to about 1 min, from
2% dunetbod accardingio any abthe @eecsdingralaims awarreimgien b istigciuded.
about 30 sec. 25. A nethod according to claim 23 or
24, wherein the incubation is performed at about 37 .
HoA mbibod aBeording toclaim 23, wixseinghe incHeatiands aedenaca acbeut 37°C

fgrné/ F]n% T Woﬁ?@&b@gn %E@.{a) {BBec M SH&UT Oarﬁfh%lucﬁgl@ 8., Mhfabout 10

Yo or nor e, about % or m)re
00 Eb6HE @mlmrfrcen abbrd 0 sEO%e aboukGrmain, framoahouw%‘aw to about 4 min,

f%cfﬁ %bo&bl%ugecqg 04%38&9%@0{@ ?ro%&rﬁéﬁjt ?@ %/%]@fo u? 2 rAR%%Sm %Qc{i’.lt 20 sec to

nore or S are vi ab
aifoutt nive fmgn abwtt& 6 tocibavicl il fiamsebaut 5506 0 aawtéozﬁ@c or from

W(S'B %%Oabﬁuggbls cWhich has undergone vitrification

rned’in any of clainms 1-26. 28. A
met hod according to any of the clains 1-26 further

07 obb DSk PRI 513 g by o o BAoR e at bout 37

°C for about 30 sec or less.

26. A method according to any of the preceding claims, wherein about 50% or more such
as, e.g., about 55% or more, about 60% or more, about 65% or more, about 70% or more,
about 75% or more, about 80% or more, about 85% or more, about 90% or more or about
95% or more of the cells are viable after being devitrified and cultured in a suitable
medium.

27. A cell, which has undergone vitrification by a method defined in any of claims 1-26.

28. A method according to any of the claims 1-26 further comprising devitrification by a
method comprising
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viii) subjecting one or nore vitrified closed straw to
an environnent having a tenperature of from about

WO coaeesper ature to about 40 C for a tinme perPOOEP$004/005031

that allows the content of th% cl osed straw to thaw,
i X) opening of the one or mor &>cl osed straw, 5 x)
I t

B e R L et R Db (i o femperature
qf fifonyakaut mqr@ter(lmjauprq; tonalopt 4(9(|$fq;pﬂt fire@ Kerigd of that allows the content
5frt|?é‘§l Jét the \Xyashed cell's obtained from step x) to

ourt ution ' (solution D), and Xii) optionally

X epeRing ﬁfjﬁh@l@ée@elm(Ee iclesechetrawsur t h sol ution, 10 xiii )

%hbj@ﬁtﬂsd etcél?éq&;rﬁ%ﬁécf‘ B d;h@ Bn& Bt J'n%ré Bg%ﬁe)é' dlése@rs@i‘éWtB% washing

ourt u Ion and see t he cel on feeder
rrecadsire wsing Rithiyd @ﬁuﬁcrm(apluvorf @ht her cuI tivating the
)8){5<!‘>édi,|§nal%/(“)frarra‘féfrt‘?ﬁdq J@é;sl?ﬁ? %l@oﬂlz%a@é ﬁbl'r?ri]e St%%% g%acmc%rﬁhﬁ %célutlon
(solumraD)nazg further conprising step xii). 31. A

ﬁg&?ﬂe\fvﬁ:\eu%ﬁﬂg l%@c@@yn ?{e fonﬁh g&ﬁh&ﬁ 28-30, wherein

evant') sol ution
xiio roptioredly trengfedingribe eelks fyap p(@tfm Hmfeurﬂzeolgnon AnGrgeqsieg the cells
&p@%gp&gsté?] claim 31, wherein the one or nore
cryoprotectants is selected fromthe group consisting
) aptigreadly durther celigatingethe selksk ose, et hyl ene gl ycol ,
DMSO, propanediol, and or mxtures thereof. 25 33 A
met hod accor di ng to claim 32, wherein the one or nore
2% yopeibod eceardingite clging 28 comprising sienk gbexiiAanséve, or
m xtures thereof. 34. A nethod according to claim 33,
wherein the concentration of the cryoprotectant is
30. drmathodaceordingNe claimB8iurthentosmpsisingssterxig. , from
about 0.05 Mto about 0.9 M from 30 about O 1 Mto
about 0.8 M fromabout 0.1 Mto about 0.7 M from
3thduneihod areardingidoany of eaims 8h3Qpwheret the tird andipofgurth (if

Rledah R P ey SRRl i

concentration of the cryoprotectant in the third

3P lA%ede a%ce ?irng% c%ﬂﬁ t\nﬁer‘éfﬁr{ﬁg %QF i‘n‘?)pe elfbeltb?ectants is selected

cryoprotectan urt
frarh éhveagroup consisting of glycerol, trehalose, sucrose, ethylene glycol, DMSO,

propanediol, and or mixtures thereof.

33. A method according to claim 32, wherein the one or more cryoprotectants is glycerol,
trehalose, sucrose, or mixtures thereof.

34. A method according to claim 33, wherein the concentration of the cryoprotectant is
from about 0.02 M to about 1 M such as, e.g., from about 0.05 M to about 0.9 M, from
about 0.1 M to about 0.8 M, from about 0.1 M to about 0.7 M, from about 0.1 M to about
0.6 M, from about 0.15 M to about 0.5 M, from about 0.2 M to about 0.4 M.

35. A method according to any of claims 28-34, wherein the concentration of the
cryoprotectant in the third solution is larger than the concentration of the cryoprotectant in
the fourth solution, if relevant.



