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DERI VED STEM CELLS BY USE OF A CLOSED STRAW VI TRI FI CATI ON METHOD Fi el d of
the invention 5 The present invention relates to an inproved nethod for
vitrification of biological cells, especially blastocyst-derived stemcells
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cell technology requires reservation o
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to apply to conplex and sensitive biological material since the
ext racel | ulithejagduit orggpisay p-enwWithiis thgdepe G'@FP‘U&EP&E’F@E"[%‘C’ idgstigesAqoprdingdat i on

process 2 SAdNY ratieinladk M BGropd endathérscolftries, a fertilized oocyte is not regarded as an
embryo before implantation in the uterus i.e. 10-14 days after fertilization, and such cells
are therefore referred to as blastocyst-derived stem cells or hBS cells herein when
employed according to the invention. Pluripotency tests have shown that whereas the
embryonic or blastocyst-derived stem cells can give rise to all cells in the organism,
25 including the germ cells, somatic stem cells have a more limited repertoire in descendent \)
cell types.

In 1998, investigators were for the first time able to isolate embryonic stem cells from
human fertilized oocytes and to grow them in culture see e.g. US 5 843 780 and in US 6
30 200 806.

The increasing research and development within the stem cell technology requires that
suitable methods for preservation of the cells and celf lines are available. Celis may be
stored either vitrified or frozen. Cryopreservation using conventional approaches is very
35 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



rapidly cooled down to very | ow tenperature and then the water content forns
a glass-1i ke WO 2004/ 098285 PCT/ EP2004/ 005031 2 state w t hout

crystallizing. Thus; vitrification is rapid cooling of a liquid nmediumin
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that the survival entra human enbryonic stem cells is very
poor, and nost of the cell differentiate or die. Nornmally, |arger vol unes of
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Slow-rate freezing and rapid thawing methods have been used for cryopreservation of cell
25 lines. Although these methods are suitable for use for the cryopreservation of e.g. mouse
embryonic stem cells, it seems that the survivai of undifferentiated human embryoric stem
cells is very poor, and most of the cell differentiate or die. Normally, larger volumes of
cells have been vitrified with such slow-rate freezing methods resulting in low recovery
(Reubinoff et al.).
30
Thus, there is still a need for developing effective vitrification methods that are easy to
handie 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
35 cells or cel! lines, such as hBS cells or hBS cell lines.

Description of the invention



35 cells or cell lines, such as hBS cells or hBS cell lines. Description of
the inventi on WO 2004/ 098285 PCT/ EP2004/ 005031 3. As nentioned above,

ef ficient cryopreservation nethods are necessary for the devel opnent and
wi despread use of blastocyst-derived stemcell lines, hereunder the

est abl i shnewo 20é4/degasain bl ast ocyst stem cel |l banks. Eff eetineobssegsing and
thawi ng 5 techni ques enabl e efficient prgfervation of cells and cell Ilines.
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However, it ‘Qi}?”ffgr oits %“A‘gé’ §@W?W°M?‘P 'E;)roéé‘f)g]lo 9'3)? cgr%gre ciogﬁgﬁﬁl%‘g%bssf ul ly
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| engt h of t hdi) vitrification of the one or more closed straws.

20

A very important feature of the above-mentioned method is the large volume that can be

vitrified in each straw. The present invention relates to a method for vitrification of cells in
closed straws with dimensions that allow a volume from about 20 ul to about 250 pl, such
as, e.g., from about 20 wl to about 225 pl, from about 25 pl to about to about 200 ul, from

25 about 25 pl to about 175 pl, from about 25 pl to about 150 pl, from about 30 pl to about
125 pl, from about 30 pl to about 100 pl, from about 35 pl to about 75 ul, from about 40 fo
about 50 pl to be contained in them. The straws used in the provided examples of the
present invention are approximately 13 cm long, a diameter of about 2 mm and a very thin
plastic wall of about 0.1 mm (closed straws, French mini-straws, 250 g1, L'Aigle, IMV ZA

30 475°, 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 sfraws used in herein, provided that the
dimensions of the container with liguid nitrogen aliows the entire length of the straw to be
covered by liquid nitrogen.

35
Another very important step in the above-mentioned method is the use of so-called closed
straw. in the present context, the term “closed straw” is used to denote straws that in the



covered by liquid nitrogen. 35 Another very inportant step in the
above-nentioned nethod is the use of so-called closed straw. In the present
context, the term"closed straw' is used to denote straws that in the WO
2004/ 098285 PCT/ EP2004/ 005031 4 filling position have an open end to enable

filling W t{dRedesRLogical material (e.g. the cells 15 J/dﬂ%f) e.g. in
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20
In the present application, the term *cryopreservation” denotes the preservation of

biological material at an extremely low temperature.

The term “directly contacted” or “directly exposed” tsed in the present context mean that a

25 biclogical material is “directly contacted” or “directly exposed” to e.g. a freezing material if
a surface of the biological material or the medium, solution or material in which the
material resides is allowed to come into contact with the freezing material.

The term “freezing material” as used in the present context, denotes any material that is

30 capable of causing 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,
fiquid helium, ethane or the like.

35 *Viable" used herein means that a biological material is able to live, develop and
proliferate normally for a period of time.



materials include, but are not Iimted to, liquid gasses like liquid
nitrogen, liquid propane, |iquid helium ethane or the like. 35 "Viable"
used herein neans that a biological mterial is able to live, devel op and
proliferate normally for a period of time. WO 2004/098285 PCT/ EP2004/ 005031
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25 fraction S renai nin roze ey I nhi bit
t he formati olivestion.dhe egligiare Wam@gm@ﬁ!g inaiugingdumansids eells- f r eezi ng poi nt of
the water. They nay al so prevent protein denaturation by hydrogen binding
wi t h bound vvat er. cells cool, solvent water converts to extraceltular

ice, and the ?'Wé!eé‘&'éﬁ fopuss nraLpethed peeprding de Bedpvantion 2061BSesls op P relbinesig

el ectrolyte @gpeaauyrfases‘éné@} MBS sellmeB a®e chlldcoreel lires nvyase dutairddekingthél a 30
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cel I's untf] PREGAUIS IS Ef'ower tenperatures. Chemical reactions proceed
very slowy at such | ow

At least one of the vitrification solutions (the first and the second solution) may contain
one or more cryoprotectants or mixtures of cryoprotectants. Non-toxic cryoprotectants are
of course preferable. Cryoprotectants help minimizing shrinking by reducing the mole

25 fraction of other solutes remaining in the non-frozen water. They inhibit the formation of !
crystalline ice, and thus depress the freezing point of the water. They may also prevent
protein denaturation by hydrogen binding with bound water. As cells cool, sclvent water
converts to extracellular ice, and the increasing extracellular concentration of non-
permeating electrolyte or non-electrolytes damages the cells. When treated with a

30 cryoprotectant, cells do not reach the salt concentrations of non-treated cells until they
reach much lower temperatures. Chemical reactions proceed very slowly at such low
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

35 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



tenperatures and consequently cellular danmage is mnimzed. Usually it is
better to use a conbination of cryoprotectants since there m ght be
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cryoprotect ar'iHrmhIQ/ tﬁé‘%ta??&%ﬂt n'df o ?I‘Olt%[é}l n th88bont 28 Eudrﬂsi rildhSt

| C odi nent o |

solution. 10 In specli I me nventi on, e cryo rotectant
i s trehal osethatimthe fled el at i on of trehal ose contained in the first and/ or
t he secong) solution is normally wthin a range fromabout 0.02 Mto about 1

M such as rom apout 05 Mto about ! fromabout 0.1 Mto
Sbout 0. 8 M IWeBRAESTROBNT of 1 et B8 Foproteclnt BtRcB 3165 M (o about
0. 65 M fr onecrbeniatidh éft#hhbséibmﬂéln@iIEthrétMWDaﬂneBbcﬁmd%komismbﬁally 0.55 M
Usual Iy, sucr.ose Y LN sim Leat 1.0 ynigue,
natural |y oc‘ﬁ'?ﬂ"}? nggﬁgsfggﬁgé'%wéﬁﬁﬁﬁ oldcr:]h | n ung'?étgo%?g‘Pgmgﬁtb 'ﬂand
ani mal s. Tr eh@M FemiapoufrD.1 MiorabainttOBMdmmabmll 02rMd taygbaah 8.7 Jrobedoushdwn t o
be a pri Y ' I | Il ' ezi ng.
't hab begn MHGeeRl 0OV B qHobed.s Ao E@é’%ss (R ap Bl 42 Sl 5 |

t enper at ur e éualith AUITRTRdS Usest inIsiilar ARpjicat mTﬁehaivsmea Hnigg. daiiFafly oegurégat e

even when drysacchrbid amd .sb@ur@gnmhmsdst@ p%mé dnh%ﬂrnséts n-‘renaﬁasbm.hﬁgﬁaﬁd t hat
this prevents nenbrane | eakage ur| n% dration, there é/&npr eserving

cel lul ar vi a9Mreeto) enagy #ng asReep an@P@ﬁé\%%‘?é"zﬁ ‘Hé’é%"%ﬁ\m to

i nhi bit protdirfng dmaatmeﬁngon hbyb@emimwmm féhaldsean deprass the phasediakifiors ur f ace
when the .cells ar tate.. 25, |

"venti ort? 1REPRPpEL PP RRaE R Feynklaniq e haantrlp Rl en Weh of: 1 1C
Without being bound to any theory, it is hypothesized that this prevents membrane
leakage during rehydration, thereby preserving cellular viability. With respect to proteins,
trehalose has been shown to inhibit protein denaturation by exclusion of water from the
protein surface when the cells are in the hydrated staie.

25
In another embodiment of the invention, the cryoprotectant is sucrose. The concentration
of sucrose contained in the first and/or the second solution is normally within a range 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 Mto about 0.8 M, from about 0.2 M to about 0.7 M, from about 0.3 M to about 0.65 M,
30 fromabout 0.4 M to about 0.6 M, from about 0.45 M to about 0.55 M.

In yet another embodiment of the invention, at least one of the first and second solutions
comprises a cryoprotectant.

35 Atleast 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, polyvinyl pyrrolidone, alginic



of sucrose contained in the first and/or the second solution is normally
within a range from about 0.02 Mto about I M such as, e.g., from about
0.05 Mto about 0.9 M fromabout 0.1 Mto about 0.8 M fromabout 0.2 Mto
about 0.7 M fromabout 0.3 Mto about 0.65 M 30 from about 0.4 Mto about
0.6 M fronwehoutosfdsst5 M to about 0.55 M In yet anot hescpiirosdoasai of the

I nvention, at |east one of the first and_second solutions conprises a
cryoprotectant. 35 At |east one of the fi’rst and the second sol ution may

conpri se a Vicks:; gelefiyarigiytid) ”El'ne%ﬁ%d the%ébbrabdoﬁnm &@9%&%%@%@ agent
for use in the ngesen cont ex consi sting of

el ect
Ficol I, Per oS! S ?Q)?ﬁ‘??tsd’%f’tcﬁrgmebﬁﬁfﬂeﬁ’r dS@r%f/‘wTﬁ?FC’B%ﬁan{%‘gﬁ Reong i nic WO
2004/ 098285 REEE/VsERGP-AUUSY dgents imthedirst gad disi sacarmicsolyitips eraglbe ifidrgarie oSt and
t he second s&?#é;g on may contain one or nore Vviscosity-adjusting agents that
are the sane or Jlfferent. The concentration of the one or nore
vi scosi ty-adj usting agents in the first and the second solution may be the

same or i fm%rs%eerrc énﬂ,danﬁerﬁB@ﬁbf.ﬁ\fénﬁdﬁb%'vig%aény%umeg égfév@@tﬁ.&n THE

vi scosi ty-adj usti nﬁ %ent I's FiIcol concentration of Ficoll contained

in the fi rstéoélﬁ%m'@ ‘%OQGBWH'“%I“JF‘P Erﬁt ?’Ld/?it‘hec*’f‘r‘€°"r‘ﬂ)§9'”t'°&li%ﬁttthi!§1§’5hg

tSECh ast ebgaboumsotdwmlr@aawtadttp@lgt at (M mapt Bbout 300 Inbﬁmlrm?d&e mbtgt#boﬁtfsormélml,, t %
e nost a a ou e ou

ng/ M. 10 I %%8‘&%&?&’"‘@@*{'% ‘?Sﬂazﬂlﬂ? %Wg;@torﬁtetgg oshabayt q&ﬂp’rf'rrst and

second sollOutlons I s an aqueous solution. In a specific enbodi nent of t he

| nvention, Sfege ehw)oo&ltnra%trbg tr?qué’e%uéﬁ T %&%ﬂe rﬁ?ﬁ}@?%t ?ﬁ%s%‘%{lh a6 ‘ﬂﬁq“% fil's step

possi bl e tine span wou m N St nce

i s to pronotasueeypsdutipr.ati on with the solution and to ensure that the
cryoprotectants sufficiently perfuses, but if DMSOis present the cells
shoul d not to be exposed to the sonewhat toxic DMSO 20 too |ong. The

i ncubati on 118 arfgesig erybqsimens ohiba Inventianestep Byof the shovermentienadapethed isr om

bet ween 535sqgcluded. about 20 min such as, e.g., fromabout 10 sec to about 15
mn, fromabout 15 sec to about 10 mn, from about 20 sec to about 7.5 mn,
from about 30 sec to about 5 mn, from 25 about 40 sec to about 4 nmn, from
about 50 secA passibleotinhe Shamwould beotd sa6 20 Nl sineethe poinbwithithis2step 18,to promotabout

45 sec to ah %‘l‘]ﬁlbratlon J\pth the ' ola*?&uénd]lo engljre that the cryoprotectants sufficiently perfuses,
but if DMSO is present the cells should not to be exposed to the somewhat foxic DMSO
20 toolong.

The incubation is normally performed at about 37 °C for a time period from between 5 sec
to about 20 min such as, e.g., from about 10 sec to about 15 min, from about 15 sec to
about 10 min, from about 20 sec to about 7.5 min, from about 30 sec to about 5 min, from
25 about 40 sec to about 4 min, from about 50 sec to about 3 min, from about 30 sec to !
about 2 min, from about 45 sec to about 1.5 min or about 1 min.

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

30 such as, e.q., 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 secto
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.

35 In a specific embodiment, step iv) is included and the incubation is performed at about 37
°C for about 30 sec or less.



In a further enbodi ment, step iv) is also Included, and the incubation is
normal ly perfornmed at about 37 C for a tine period from between about 5 sec
to about 10 min 30 such as, e.g., fromabout 10 sec to about 7.5 mn, from
about 10 sec to about 5 min, from about 15 sec to about 4 min, from about

15 sec to 6@8%04;398%;1 from about 15 sec to about 2 mﬂ,beHzg ﬂggaglut 20 sec

to about 1 mn rom about 5 sec to about 1 mn, from out sec to about
30 sec or fromabout 10 sec to about 30 Sec. 35 In a specific enbodi rrent

step iv) is pncluded and the incuhation,i faor abou {

about 30 sec 'E?rv'tf'ﬂ%ag'.c’" "5’@094‘16@9 ‘ﬁa"ri’@‘ﬂvgb‘% gegg'lna"%' E’%ﬁﬁt%uﬁ? 'F?rEatl on
met hod is vesw:he‘afe g., atmiut 854 ommlock, Eboutlﬁé%(mlnioa;e asloutr@®i’d gr, marbpakioubD¥ or nor e
such as, e.g % 0 0,

about 70% ormonr?m e, %)g &%@?B&t#@?e&%ﬁ tﬁoglét Yo OF %&?éégoélgout ggg‘%r nor e,
about 90% orahewt 8% er mereefitheesls are viablesalisr being devitrified andecultingb ina sifileble bei ng

devitrified apdumUhsLitRR delitdicatitn ROcBureds AREHIA hefeifli tabl e devitrification
procedure is described herein. In another aspect, the invention also rel ates

to a cell, which has undergone vitrification by the nmethod according to the
i nventi on. 11@ anothar dspetd) the ivhtich 4180 velatss td 8 call, MRAMAE anderhekd vittficatifeby

i nvention, co r itrification nethod. The devitrification
%efnestﬁﬁ:gﬁ ég:%?r%i aq%ﬁng nbvren . s

conprises Vill re vitrified closed straw to an
envi ronment having a tenperature 15 of from about roomterrper ature to about

40 C for t I ed straw to
t haw, i x)ﬂ)op!g?Hnﬁér e%o@inoehgé\grrrstéﬁ@tetaggeecg%bgg{yventx Eﬁ]cg@?' ;sang t he \(,:Vel | s

cont ai ned i ndevi@ficgtien methadr e opened cl osed straw to a washing procedure
using a third solution (solution C), 20 xi) optionally transferring the
washed cel | s_obt ai ned from step x) to a fourth solution (solution D), and
Xii) opti onal 18/AqViiifieatan ¢APRRRS cel Is in the fourth solution, Xiii)

opt Id onal l'y t\n@rsabjectmgrmtetohmomhﬁﬁed dlesBdstraw td ﬁroénvﬁrbmnémlh@vuhg 5 @rhybergtoreand
seeding t

cul 1 vae i My et roofrEpaaies AR ot £imEPnsd vt b s covetise 1o
what ever purq:fdbssclb*mtstnaw tdémm ed and the optional step may be applied in
order to i nv%%%geofttngoﬁee&l ﬁorggfoggbe&raﬁl, g. for viability.
x) subjecting the cells contained in the one or more opened closed straw to a washing
procedure using a third solution (solution C),
20 xi} optionally transferring the washed cells obtained from step x) to a fourth solution
(solution D), and
xii} optionally incubating the cells in the fourth solution,
xiit} optionally transferring the cells from xii) from the fourth soiution and seeding the cells
on feeder cells, and
25 xiv) optionally further cultivating the cells.

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.

30 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.

35
Thus, the method may aiso - as mandatory steps - comprise steps xi), xiii) and xiv); and,

furthermore, step xii).



30 Step viii) concerns the thawing of the cells. The point here is just to
thaw t he content of the straw and this should be carried out during visual

i nspection of the straw, thus the timng is |less inportant. The tenperature
shoul d not be greater that 40 C but can be between roomtenperature and 40
T. Hi gher tenppoadorises coul d i nduce a heat shock when tphadpitgs/bddgsce! | s i f
they are not rapidly renoved fromthe water bath after thaw ng. 35 Thu

the nethod may al so - as nmandatory steps 2 conprise steps xi), Xiii) and
xiv); and, furthernore, step xii). WO 2004/098285 PCT/ EP2004/ 005031 9 The
devitrification sol utions may contain cryoprotectants e. gE cryoprotectants
havi ng  osmofhededtfication sdiuticns may senain CORPIPCHETS {6 AYPRISCIantE AaYiaay

toxicity, geﬁﬁﬁaida)ttnﬁty@ud'l woﬁnaucanylaw:@ agantd m@tﬁ@&vefo@my @bhe«awsavel;r@ . -
cen (0} e

t r ehal ti
il Shochar | acoMBH” BRF retlpiblic Fing S dRPEoRE M Risrosa, Apnm oin OTHESION, Tieey wi <o
woul d occuf bigh péreersagiiefithe dishenhhridestithis sobition perems téllnlar dBNVpP@EN fﬁhta
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di scard the DNERDCEOF ﬂ@ld}ﬁﬂcmawdm eufside thejcalls Wik ptewentdl@a najurghesratisferrce frem i t
sl owy by Wah&ﬁ? an@withOw Ehaghvtime 1BFthk REiisto AREAAT S BMSOYof é|fmlér‘)°'bn%¥éﬁit )

solutions normally conprise one or nbre cryoprotectants. a specifi
embodi nent , F‘ﬁ'@em?é:e!ﬁa’?ﬁﬁl@s&tﬂgfdb?lwhéa‘ﬁ?ﬁr |'s sel ect ed from the group 15
consi stinggof glycerol, trehal ose, sucrose, et hyI ene glycol, DWVSO,

propanedlol and.or es, there es eroI trehal o

e ose. or " ARG 18 B BrTet SO (et Hispl BensnointiSofmecac b T BB 0n o
t he cryoproterw;xotectantsthe third and/or fourth solution is normally from 20
about 0.02 Mto about 1 M such as, e.g., fromabout 0.05 Mto about 0.9 M
fromabout 0.1 Mto about 0.8 M fromabout 0.1 Mto about 0.7 M from
about 0.1 M in® spsoific embediment, thecme ghtate @yopsotectant ingalestedirgn the drewmm about
0.2 Mto gbotnslifh Mgl%efén [tRRaB01 QB4 bine BcdIIMSOY BBpaHERI), 3k of N t e

third solution is concentr at i e osnotica active
agent in themm&%ﬂie%f @epasially giyceral, Ehainse, JYSFasay grymixtuies t%mfmm%blpéw of
the 25 cryopggd ectant in the third solution is larger than the concentration
of the cryoprotectant in the fourth solution, if relevant. In the follow ng
I's given a general description of the nethod of the present invention.

The concentration of the cryoprotectant in the third and/or fourth solution is normally from

20 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, and the concentration
of the cryoprotectant in the third selution is larger than the concentration of the osmotically

active agent in the fourth soiution, if relevant. Normally, the concentration of the
25 cryoprotectant in the third solution is larger than the concentration of the cryoprotectant in
the fourth solution, if relevant.

In the following is given a general description of the method of the present invention.

30 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 ui 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 asplrated 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

35 aHeatseal 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



30 Col oni es of human bl ast ocyst-derived stem (hBS) cells are cut into pieces
(0.1-0.4mmx 0.1-0.4mm). Up to 20 (preferably about 10) cell pieces in a
vol une 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 aspi r atygsldpddioRzdshe straw for freezing, the end wt (st opper)
is sealed using cryo-PBS, while the open end is seal ed ES?%S”Q‘!”@%%‘*& (wel d)

and 35 a Heatseal apparatus (Dentek, A/ S)I0 Before a |arger anount of cells

are frozen a test . freezing and thaw r pU i for . JAfter thaw ng,
the cell pi oot s bEE el Arbrin AR dg AR Bia B B0 s okl

cul t ur e di sh fationd passage andrbreyiben evaluateder cells (MEF). The hunman BS cells are
cultured for one passage and are then evaluated. Al percentages nentioned
are v/v. 5 The follow ng description gives instructions on suitable
procedures, HPECFYAgEs Pefionpdpieods et c. However, based on the general
descriptiop and gui dance herein, a person skilled in the art may vary the

different el nts within the scope of the inyention. 10 Vitrifjcati.on

bt ocedure - JoRENEMY St el wie Budlanser sHBbEProRurs ol poriods
consi sti ng ofetd) HoWeVEr,diaatder tHergeGenpbddsBptioh bad guidiarice diereih, tarpersohakifds] in

Got henbur g, i !’%Hﬁ i A O ene glycol is
prepared in ?!&e;/o- \?ael{g{ S ee(r??grl‘teek%eﬁ‘ltst@rmerﬂbé%‘%@Piofég&%gﬁixi added to a final
concentration of 10% 20 3. Solution B: A solution consisting of 0.3M

Tr ehal ose 1@”@i@nﬂ°¥ﬂt%ﬁb€@&reg@éﬁ&lal hgsc%ﬁmr ed in cryo-PBS and sterile
Ile O i

filtered. Steri Is addéd to a final concentration of 20% 4. 1 ml of
solution A and solution B respectively are placed in two separate wells in a
4- 25 wel | pleéparatdnzel on, VAR International). The plate is place at 37C. 5.

Sel ected col gnies of human bl astQcyst-derived st ells, i i spl ay
proper nor pHof‘§ FSQV@“CQS’PS'FW%‘#@‘GZ&F@“W '%QM%PW@'"E%%@%%@% for
passage usi ngothenbargl ®eddendslpapared, gl ass capillary (Wrld Precision
Instrurrentlg) (or a stemcell cutting tool 30 from Swened). The cutting tool
fromSwened is a sterile sharpened glass capillary, with a 25 degree angle
and a 200 or 238@utigndk:omet er | ulfdinEthilent gineatisfoogpacast in icrvg;PBRaandmsierde i on,

filtered.
Sterile DMSO is added fo a final concentration of 10%

20 3. Solution B; A solution consisting of 0.3M Trehalose and 20% Ethylene
glycol is prepared in cryo-PBS and sterile filtered.
Sterile DMSO is added to a final concentration of 20%

4. 1mi of solufion A and solution B respectively are placed in two separate wells in a 4-
25 well plate (Nunclon, VWR International). The plate is place at 37°C,

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 celt cutting tool

30 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, Bilidal, Sweden.

35 6. The necessary number of straws (closed straws, French mini-straws, working volume of
250 4, 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).



and transfer of hBS colonies, or parts of hBS colonies. It is produced by
Swened Lab International AB, Bilidal, Sweden. 35 6. The necessary nunber of
straws (cl osed straws, French m ni-straws, working volunme of 250 NI,

L' Aigle, W ZA 475, 133 mm Svensk Molk) is |abeled with the hBS-nunber
and the vi séotobes2sare | abel ed with the freezing code EcTRp26$bdso3r

| i ne/ dat e/ si gnature). WD 2004/ 098285 PCT/ EP2004/ 005031 11 Freezing
procedure: 1. The cells that are to be flbzen in a straw are transferred,
using a glass capill ary (Wrld Precision Instrunments) or a drawn gl ass

pi pette (Pas.geur International), to Solution 5 A 2. The cells are

i ncubated in "§8F|89|p(5?1°°,§“f%r | min. 3. The cells are then transferred to one
drop (25 NI )10fhe$allmﬂ1amteﬂabaﬂmkemurt ﬁliswnvz&estrahkrerredzldsmg aldlasyroapilargiefoddred to

Sorutton B 1 beesandRaShil oriacth SRs bheuepe B, TR iydnfyondf Y SbRlen o o

as short as Possible. 15 5. A 1-1.5 cmsilicone tubing (autoclaved) is
connected to a 1m syringe (tuberculin- syringe, single-use, Codan Triplus
AB), which in turn is connected to the strawin the end wth the cotton
st opper (pl uggl® ehzgre incygated in FhieN ASBT hFiser ves as a seal between the
straw and the syringe. First, cryo-PBS is aspirated into the straw in an

AR N S e e R VR e

sol uti on B uadransfestdtoemother eshafdep ofsoluwtioZBERS gl uim. 7. Approximately 1-2
cmair is aspirated followed by 0.5-1 cmcryo-PBS (which serves as 25 an
extra stopper in that end). 8. The content of the strawis aspirated with

the syringe 4oThhesllsatesneubatedBSolutione3 for 25 s (weximum).wihetprefaered time &ut poinbpper ,

whi ch makes ﬁ—ﬂ%h Glawgésﬁdﬁ’?é osofied: The straw is removed fromthe syringe
using a pair orceps an en sealed with a weld usi ng a Heatseal

appar at us. 10 The straw is placed in a visiotube, which in turn is placed
i n a tanki£ogtRAIEEn E:hc%b tLbiny (bmeasﬂadﬁ &rcohﬁéwedts R S PRRAEStub3RUIIN-
Devitrificat éy?lggg rs%%%—tlljsreecada eTr}I%Irug AB?r\n?h%& in turn is connected to the straw in the end

with the cotton stopper {plugged end). The silicone tubing serves as a seal between the

straw and the syringe. First, cryo-PBS is aspirated into the straw in an approximately 2-3

cm column. Approximately, 1-2 cm air is then aspirated (see Figure 1).

20
6. The cells are then aspirated into the straw from solution B under a stereomicroscope in

a 2 cm column.

7. Approximately 1-2 cm air is aspirated followed by 0.5-1 cm cryo-PBS (which serves as
25 an extra stopper 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.

30 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.

35
Devitrification procedure - general procedure



WO 2004/ 098285 PCT/ EP2004/ 005031 12 Preparations: 1. A stock solution
consisting of 0.2M Trehalose in Cryo-PBS is prepared. 2. Solution C 0.2M
Trehal ose in cryo-PBS is sterile filtered 5 3. Solution D:. 0.1 M Trehal ose
in cryo-PBS is prepared and sterile filtered 4. 1 m of solution C, solution

D and hBS- ngg bel ow) respectively is placed in wells in
a 4-well plat eHdIF\Iunc on, WR International) and the pI deﬁ&szwzlﬂc%%at ed 10

at 37 C. [The hBS medi um cont ai ns KNOCKAX(r) Dul becco's Mdified Eagle's
Medi um SUPP,L,%”Era{,SH W th 20% KNOCKQUT(r) Serum repl acenent and the

foll owi ng cons PIFUENt's at their respective final concentrations: 100
units/ m pent.& stodkrsolufior coriststingef@s2id Mitshalose e PREiisipreparedd L- gl ut ami ne,
100 M (3-nercapt oet hanol, 4 ng/m human reconbi nant bFG- (basic fibrobl ast
growt h factor) is_inmportant to wash the thawed cells quickly from

t
t he DVBO, L\H&%Cugé’rﬁﬂpﬁhﬁfﬁ@'"WPrpaﬁ‘éétei”@rf"%'@F’ut| on. The presence of the
| ess toxi g trehal ose contributes to a reI atively slow step-w se change from
vitrifying s i.on use seedin |1's. The
concentrati o ?uh"g'ﬁn Bi %re@P?eéach )S\W ar%%d&?er%f@t?r% th different
efficiencies. It 20 would al so be possible to use other cryoprotectants with

| ow ¢ oxt o1 tye 1l Shionlc, < RGEA R4 RSN REBbBY bbbl a0 elurma BS co! |

are coll ected from a sto containin are pl aced
in a vial condidtyal wglly ln@ﬁ-\delmlatacﬂ‘gmionz‘gwﬂ intematigeallcanddbe plate; Islnh@ba@d n the

air at r f at 40 C
for abou'?ﬂgn éstgzp éTﬁgggtgrsg%rdf%rpﬁlﬁ%qqg?ﬁgag?Qll']l?g&%avedaﬁed %Ls’r'gg&s"g“ rag"”
(aliduk). 30suplemented with 2%t KNOGK@UThEsmmueplgesment srd thmdoliowingronstitvantsof t he
straw I's cut, t‘?rPéf?r’}SI;!{éI%févg%al %&ﬁ@erﬁﬁ%ﬂs oJrﬁﬁ/nﬁfFEzﬁEWhhso AriVRGHESk s8R SYTi nge

usi ng a piece nt as sea he straw Is then cut open at

t he bond (we3rano agits 2N Lrgiutam@esm mg@-megcapmeml Auginl Guman fecempBanicel | s

into sol uti ofrdF (hdE fiGEBHE ar&it drfj to be washed in the sane well shoul d
not exceed the a(rmunt cont grneagﬁr r(f)ne single straw. 35 4. The hBS cell

colonies ¥re incubated in solution Cfor 1 nin. Normally fromabout 1 min
It is important to wash the thawed cells quickly from the DMSO, which was used in the

vitrification solution. The presence of the less toxic trehalose contributes to a relatively
slow step-wise change from vifrifying solution to the media used for seeding the cells. The
concentrations can also be varied (5-50% viv, w/w or wiv) with different efficiencies. It

20 would also be possible to use other cryoprotectants with low toxicity.

Thawing
1. Closed Straws containing vitrified human BS cells are collected from a storage tank
containing liquid nitrogen and are placed in a vial containing liquid nitrogen.

25
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}.

30 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.

35
4, The hBS celf colonies are incubated in solution C for 1 min. Normally from about 1 min
to about 20 min.



to about 20 m n. WO 2004/ 098285 PCT/ EP2004/ 005031 13 5. Under a

stereo-m croscope, the hBS cell colonies are transferred to solution D using
a glass capillary (Wrld Precision Instrunments) or a drawn gl ass pipette
(Pasteur, WAR International). 5 6. The hBS cell colonies are Incubated in
sol ution D war20bi098285 Normally fromabout 5 mn to abower@@208imuse3{- Under a
stereo-m croscope, the hBS cell colonies are transferred to hBS-nmedi um usi ng
10 a glass capillary (Wrld Precision I nd runents) or a drawn gl ass pipette
(Pasteur, WAR International’). 8. The colonies are within a few seconds (>5

s) transferr fromthe hBS-nmedi um usi gl ass ca illar Worl d. Precision
| nstrunent s) g'gf”dérﬁﬁtﬂﬁ?'@wfﬂﬁ pEehES ‘iegﬁ’g’f’@g? are\;(ms ef’r‘ﬂé?"%@f'lt)o‘l’?éﬂg)a and
are seeded i glass cipllityr(&/otiid FieGsiort bpingfients) osa deawrgfasipipdite ¢Hagtele VW  ( VEF) .
9. The cul turn?erﬁét%%gs pl aced in an incubator for further cultivation. 20

Fi gures Figure ng recovery after vitrification and devitrification,
human BS ckl|l |ine SA0O01. Figure 2: Thawi ng recovery after vitrification

and devi trifpcafeiHpg ceh‘éﬂﬁﬁleggreciij&dga{eh esoRABA D for 3 Mk, INYAhSI ronT Ql?dﬂt B%hin

recovery after vitrification an evitrification, human B |1 ne AS034.
Figure 4 (A) P@pPut3/pincal norphol ogy of hunman BS cell |ine SAOOl cul tured on
nouse enbryonic feeder cells just prior to vitrification. 30 Figure 5

A)-(O: Typical h f h BS I
Srbryoni ¢ 1 ebddie FRERsmmgonq, HEHHs- ol Gijanis ¢ rarsiaTed 1 PASTRHT WBur o o
Typi cal nbe phglaeggapnhr}*‘(wm'm MEcision InstrimentsAD @ Hrant glassisipetter (Phstemt VIR

cul tured on lxaagfmryoni c feeder cells in passage 18 (A), passage 23 (B),
passage 29 (@T% ‘35 passage 35 (D). WO 2004/ 098285 PCT/ EP2004/ 005031 14

Figure 7: (A human BS cell colony [pl9], (B) SSEA-1 [p31l], (C) SSEA-3

[p31]. (D) Sﬁr[é oi'uﬂ Té%@séooﬁ& 153 r&ed}}%ﬂn Hsliihlm bR 2 St - 4
[p31], (H) ALP §I%}e ure e‘: yot y( e, H'ansfe]: SA801 rp m S @
vitrificatiogass capzllary (World Precision lnstrumen ) or a drawn glass pipette (Pasteur VWR

15 International) and are seeded in a culture dish on top of mouse embryonic feeder cells

{MEF).
9. The culture dish is placed in an incubator for further cuitivation.

20 Figures
Figure 1: Thawing recovery after vitrification and devitrification, human BS cell line SA001.

Figure 2: Thawing recovery after vitrification and devitrification, human BS cell line SA002.
25 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 calls just prior to vitrification.

30 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:'Typica! morphology of human BS cell line SAQ01 after devitrification cultured on
mouse embryonic feeder cells in passage 18 (A), passage 23 (B), passage 29 (C), and
35 passage 35 (D).



Figure 9: In vitro differentiation of devitrified human BS cells (SA001),
passage 29. (A) fi- Ill-tubulin, (B) desmn, (C a-fetoprotein, (D) HNF-3,8
Figure 10: In vivo differentiation of human BS cells (SA001), passage 19.
(A) Endoderm 10 (secretory epithelium, (B) Mesoderm (cartilage), (O

Ect oder m (ngyy ReFjoeHer M. Figure 11: Syringe with a cl 0S€ /Eﬁﬁé@f(\(ﬁoggepar ed
0

for freezing The Invention is further illustrated in the exanpl es,
which are not intended to 15 limt the 1dvention in any way. Exanple |

Vitrificatiop of _h cells Two sol utiqn d ution A
Sterile filtEPEa 71N ERR)RS T sroROp Sl BB Hasl TP esbEaina Bhi'tn fon' B
Sterile filt&setdpIM(EY EREI16p3 Q0% BrAn8d g1 (B¢ Glct-4 LteAd, (BMSE [p31)Cr yo- PBS)
Sel ected col oni es of human bl ast ocyst-derived stemcells, which display
proper norphology, are cut in the sane way as when the cells are cut for
regul ar pasEigge 805?%%’@9-§?léﬁﬁec%‘l\qﬂ1@ﬂ@'t\{'tﬁgfai'@bl (Swened Labs International,
Billdal, Sweden). The cell pieces should be about 0.1-0.4 mmx 0.1-0.4 mm

in size. The_cell pieces are 25 incubat fir i t prehe 370
Sol ut Fon A { BR8P ic e Ratatos afsavineg fupet 58 cofb &APaP) ireraat Witunal ed
for 30 s andilitthiasdint(Badedngn, (€l odgiapmteinp (D) HNFe3h drop of Sol ution B and

i ncubated for 30 s. The volune is about 40-50 pl. About 10 cell pieces are

aspirated into a straw prepared for vitrification and the strawis then
cl osed wit h BEigweri@: inTive differentiation of lumag 88 celist (SADO Gupabsage 1D ddhEndddemxanpl e 2

(ol ut T on e SEERDRITEY, EREascim [ 4P, (b} EGsemARRuRe bt PP 0T
Sterile filtered 0.1M Trehal ose in Cryo-PBS). Solutions C and D and 35

hBS-medi um aFi?urBrﬁ!‘@,@hﬁéiwﬁﬁ atloskd sfvPhrEsRed fof frédvigPnt ai ning vitrified hBS
cells (about 10 cell preces) is renoved fromthe |1 quid nitrogen tank. The

straw is keep at room tenperature for 10 s and then quickly thawed in a 40
C wat er bat hT{ehidntion is eortred Bijistratéibin e fBNAMHICRE2Pes RAHitHERRHHNGDEESH 15
straw i s ti' oFtﬁQ.l n the[ El u %ed end using an autoclaved pair of scissors
and the coht & 5‘)’3‘?{5’8 L8 ¥9%m the straw into solution C usi ng a syringe.

The hBS cells are incubated for 1 mn in 500 pl solution C and the
transferred E)ganzigg,‘pl solution D and incubated for 5 mn. Under a
h

stero-m croscop e hBS cell pieces are quickly rinsed in hBS nmedi um and
t hen Vitrification of hBS cells

Two solutions A and B are prepared (Solution A: Sterile filtered 10% Ethylene glycol, 10%

20 DMSO in Cryo-PBS; Solution B: Sterile filtered 0.3M Trehalose, 20% Ethylene glycol, 10%
DMSO in Cryo-PBS) 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 regular
passage using a stem celi cutting tool (Swemed Labs Internationat, Billdal, Sweden). The
cell pieces should be about 0.1-0.4 mm x 0.1-0.4 mm in size. The cell pieces are

25 incubated first in 500 pl preheated (37°C) Solution A for 1 min and then transferred to 25
ul Solution B and incubated for 30 s and then transferred again to a fresh drop of Solution
B and incubated for 30 s. The volume is about 40-50 ul. About 10 cell pieces are aspirated
into a straw prepared for vitrification and the straw is then closed with a bond. The straw is
plunged into liquid nitrogen.

30
Example 2
Thawing of vifrified 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

35 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



5 seeded in a culture dish on top of nouse enbryonic feeder cells in hBS
medium The cells are then cultured (incubated at 37 C) and the nunber of
establ i shed new col onies are counted and passaged in order to verify the
viability of the hBS cells after vitrification. The recovery of viable
celI's foll owdhodddssssVvitrifying and thaw ng procedures i, &9%0’3%35 in the
range of 70-100% 10 Exanple 3 Vitrification and thawi ng o urmn BS cel | s
using closed staws Human BS cells (cell Ilbnes SA002, SA121, and SA181) were

itrified h t.h d
For ty-et ght. HGt & pash o Beidhgot A5 BFOT AR o3 Ral BEendlpr S e fatert *
enbryoni ¢ f eetshedout fram thesstlaBIntosblutiooC osing s sywinge. BwilhB&bdb asen hculmtadfoed.

The thawi ng rgﬁ ){-f‘a%m 4 t.tgj?,' Ph@ﬁ%@mﬁéeﬁé’@tors@b' Pﬁ}&ﬂﬁib\‘i‘fﬁh&uh&bﬁioéﬁggr;%n‘ﬂ

vi abl e thawe yhﬁg pr opriate nor p and the
nunber of hBYndeNq sterﬁrr@e'z%oqpp.t@e reil Rigqep afe @icklydinged inchBhmediunanddhare |

pi eces cansg lsua:eanﬁs clifur®&iSh 68 tRpBY moui@érﬂaymué foéBertRILinHEREQMATHE cells
eval uated per

| f ch
Cre it <P en eHRH B BEat ) b BBl BY AR BaooT R B+ v
5A002 SA181b cdimasd argi ;msa:geelr:yoraéﬁto%ﬁfyfﬂieh@atﬁﬁﬁof tHOhBS c&ls’lf_?ﬁeEw&IﬁpdltibnltTrﬁ E gglt |
WS n ] U nan S
e Asosd) JREEEo ol AR EelS RV he e PRER B e bRt BebiTe-ra ket | bea

i n Exanpl e 1r$agaoiv7@-h0@'3he exception that open pulled straws were used in

parallel g closed straws. Notably, only approximtely 4 BS cell pieces can
be vitrified in each open pulled straw. Forty-eight hours after seeding In
cul ture di shExampleedp of nouse enbryonic feeder cells the hBS cell col onies

vere eval uat Wﬂﬁ@&ncﬁﬂﬂ?ﬁtﬁ%mﬁﬁﬂdﬁ?&ﬂB@celiﬁfﬁﬂf&%s&@&aﬁ% culated as the
rati o between the nunb Vi abl e t hawed col oni es 3059‘(| Iay“é%_‘gf
appropriate RSaE8Y %%EM%%OOQ@T%@W%QF)W?WWB "1‘“'@? gliowing
originally weprbdddams desbibea isExasie wrzeragﬁﬁ@u&rmteegaéd@tm@umé cel |

Lhe: achi eEneRISH BB CLTRR AT iB S0 oA IaR oS BLadempusbaRdand | ="

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, since each of these cell pieces can give rise to one colony.
Three straws were prepared and evaluated per cell line and the resulis are presented

20 below for each individual straw, showing a recovery of between 40% and 100%.

Thawing recovery 37 9/9
5/10 6/8 .
10/10 215 ’
Example 4

Direct comparison between closed straws and open pulled straws
Human BS cells {cell iIne AS034) were vitrified and thawed following the procedure

25 described in Example 1 & 2 with the exception that open pulled straws were used in
parallel 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

30 (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 resulis are
presented below for each individual straw and show the achievement of obtaining more



16-viable cells fromeach of the closed straws (in absolute nunbers) while
mai ntai ning an acceptable recovery. *" in . IC 11 AS:' C osed straws Open
pul l ed straws Thawi ng recovery 6/9 4/4 6/9 2/4 6/10 3/4 Exanple 55
Conpari son bet ween using trehal ose and sucrose in the vitrification medium
Human BS cely gfﬁ@%issl i ne SA121) were vitrified and thawed either follow ng
t he procedure escribed in Exanple 1 & 2 or follow ng f EIEB?B‘H@E'{?Fe
described in Exanpl el and 2 with the exXéeption that trehal ose was used in
the vitrificatjo nd devitrification meﬂ_é1 um was repl aced sucrose in the
same nol ar B'ﬁé' qe Raclwof faeclosed stravfiphsoite W'?‘i?s)é'?'rﬂﬁf"a RRBYRR aft er
seeding in Ctabdeptabledesdmw on top of nouse enbryonic feeder cells the hBS
cell colon _ S R Hecovery was

cal cul at ed §STHHEH PGS efwe ik iisis BRSUELT e tHawed col oni es

(di spl ayi ng appropr| ate hBS Ce€ldsed gm(wshol ogysam ﬁmlédtgngng nber of hBS cell
pi eces ori gitapty—vtrHed—Three stranws—were—prepat-ed and eval uated per

cell line a Eﬁ?%gg Feé:ﬂﬁqs ar e pre@%nt ed bel ow f&F1 each 15 individual straw
and shows that in this case there/8eens to be n@/M4signifijcant difference

bet ween usigng trehal ose and sucrgf@ Tr ehal ose ghhcrose Thawi ng recovery 519
8/10 8/10 $/10 6/10 9/10 Exa 6 20 Vitrification gnd thaw ng of hunan
BS cells using Ficoil in the vitrification medium Human BS cells (cell

| i nes SA121) ijﬁ'p v%tri fied and thawed followi ng the procedure described in
Example 1 & h he exception that Ficoll was used In the vitrification
medi um (On§y/ Flompraisgn betweendisir@Diehaldse andpucrosgiin ithe vitiificatign imediwaedi ng i n

culture di Shﬁ&aﬁ?st Qs géeu W§§1ﬁméﬁé%hﬁedfa%@%weﬁ%lith§r fBIilﬁf b a?%&bd&@' oni es

were eval uated an haw ng recover as the

rati o betwee Heswée%wrﬁa@mpw $ 205 folowipg, M%P@rﬁ%@flb@ﬂ iinsxaamRie § a3 mdPr i at e
hBS cel | nor m&é&){%néﬁﬁlﬂ treRflodtUndralse®in thevitrifigdtion 4k 40UHHEH8A &Redium was

PCT/ EP2004/ 005?aced by sucrose in the same molar concentration as used for trehalose. Forty-eight

10 hours after seeding in culture dishes on top of mouse embryonic feeder cells the hBS celi
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 celi line and the results are presented below for each

15 individual straw and shows that in this case there seems to be no significant difference

between using trehalose and sucrose.

. 'Tehalose = Suros .
{ Thawing recovery 5/9 8/10
8/10 510
6/10 9/10

Example 6

20 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/m|, 10mg/ml, and 100mg/ml). Forty-eight hours after seeding in culture
dishes on top of mouse embryonic feeder celis the hBS cell colonies were evaluated and

25 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 are presented bel ow for each individual straw
Ficoll concentration Ong/m 10mg/mM 100ng/ M Thawi ng recovery 5/5 7/10 6/ 10
9/9 6110 3/10 6/10 3/10 - Exanple 7 5 Conparison between using different
concentrati hal ose In the vitrification nedi HH% ells
(cell Tine @Q?Sﬁg“”g\%éfe vitrified and thawed fol | ow ng ;1{1% 614’“55’?@
described in Exanple 1 & 2 with the excep¥ion that trehal ose was used in two
different concentrations..(0.3M and 0.5 vitrification
sol ution (soPEFTo?'d ‘Iy“ﬁgggﬁ?ﬁ%aWWP%%%p%%&% EEleF?rg%Jlﬂ‘[elaS'H?@
solution C cmsuﬁaare@r@eﬁteMbeloMfaﬂmblrﬂquekﬂtmw; on D cont ained 0.1 M
t rehal ose. ;",: it o S R Y AR ST vy
contai ned 0} : R ea N i had:
Forty-ei ght qulrmncaittabnseedl ngc)mgjml:ul ture d|19h1g£mlon top of1(ommga’m| enbryoni c
feeder cell ..c nl_éq \‘/’e"" eol-ores—were—eval ted , aft—eeuntedFhre—thqw ng
recovery wasg cavm%f P60 as the rafiPo 15 between me nunber of Viable tHawed
col oni es (displaying appropriate BBS cell norp#tdogy) and thed/Mlnber ¢f hBS
cell piecesforiginally vitrified.gfyo separate sgyperiments using two
different hdiwman BS cell ]ines ed
and eval uated per cell line and the results are presented bel ow for each
i ndi vi dual sEkafple 1€ results show that 0.5 Mtrehal ose in solution B seens
to work better 20 than 0.3 Mtrehal ose in solution B, although both of the
i nvesti gatéd Comppeser betwnenusing differgpt komqsmraﬂqn&%ml@@rlawe vifrifigatign yp*j
el lyi " SA Fredit0 ' " Trehal ose 0.3M 0.5M Thawi ng recovery 6/10 8/ 10
(SA121) 5/10,9/10 6/1 g % recovery 5/8 7/8 SA002 6/8 8/8 717
5/7 Exanpl e Hgman BS cells (cell line SA121 ere vitrified ahd thawed following the pfocedure

described in Example 1 & 2 with the exception that trehalose was used in two different

concentrations (0.3M and 0.5M) in the second vitrification solution {solution B). When 0.3

10 M trehalose was used in solution B, solution C contained 0.2 M trehalose and solution D
contained 0.1 M trehalose. When 0.5 M trehalose was used in solution B, solution C
contained 0.4 M trehalose and solution D contained 0.2 M trehalose. 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
15 between the number of viable thawed 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
20 than 0.3 M trehalose in solution B, although both of the investigated trehalose conditions

work well,
LN 8 BB BO R g SAZ TR SR
Trehalose 0.3M
Thawing recovery 6/10
(SA121) 5/10
6/10
Thawing recovery 518
(SAC02) 6/8
‘7/7

Example 8



WO 2004/ 098285 PCT/ EP2004/ 005031 18 Extensive evaluation of vitrification
and devitrification procedure using closed straws In order to evaluate the
guality of the vitrification process large quantities of human BS cells
were vitrified (as described in Exanple | above) at three different

occasi ons US‘@%U > three different human BS cell lines (SA001, SA002, and
AS034) . YRR on >100 straws were vitrified froRFBERWOYESL] | ne.
Eight to 10 straws each from of these |ange batches were randomy sel ected,
devitrified (as described in Exanple 2 aboye%_ and seeded in separated

di shes on to stys gyaluatien pbyitrifiqation and deyiirification.pragegure yginthelgsede| | dunps
that were seegéig@sand that attached, proliferated, and displayed appropriate

10 hol det h. Th ul t t
AR TN R A RL R e e S
col oni es t hatelswrsegtifed (as destbed paBsmydal alioye) alitimge idifesdéra nd@sdnpudaedur es
and character o EHTR efore
and after \B/I tij}%?l&gat I'on aaﬁld% ?lierh "FXQ %lﬂ %ﬁ?%ﬁ%ﬁ@ﬁb%@%&h%@aﬁ@%1@ BS

col oni es (celstrawg \M@’esmw)fmmw@ewler ElghttaﬂDéHaW%ea@r%mof thessilgigee 4. After
devi trifi cat ixgRhéy\Wers ?ﬁ@bﬁﬂ/ sevé&éei Qexﬁtﬁt{iéaQé@&esEﬁtSEd ih &k zamve ddn8p| ayed

nor phol ogy characteristic ferentiated human BS cel ( gure 5).

Subsequent | y Se¢deddrseparated %%*P% %telbafdﬁ‘?‘@ﬂ eHil?B’OB’&&%éﬁe'l*ic-EQﬁ EH'?R?T PBhBoSt andar d

20 procedur e%el%ﬁnﬁﬁtﬁﬁﬁﬁ&@'fs@édéd%nﬁ |tﬂ!dt| a&m&a Prdifevhteds %dmﬁmeBSpﬁebﬁat@ol oni es
are shown mJlar.res i ne

3700 and |ASmDIFa w3 dRtetnhm ekt 31 RS s penlre i AOURR ch et zat § on
of human BS @ed bisovsthbi svetyesdratvagave 1r|se fol vzt FBS @il dolodiew tHat sbseqtentipwere cl osed

strgws In or %saégd X@hﬁ'ﬁ%‘%’g?"ﬁ"’%‘%&’ g@grgﬁ&%g gpl etely recover and

di spl ay the propér &A1Y |cat|on and
devitrification process, the hBS cells subjected to ext ensi ve
characterlza@kg@ hEhIS includes analysis of surface antigen expression, 30
karyotyplng plurip otenc$ tests in vitro as well as in vivo. The results

bel ow wer é5 Jhpisakiaerphelagy af bymandds eqli heforeand aftep yitritication; and thawings | t s
were al so obtrghiag thorsHoltgy ohﬂl@%nﬁﬁa@ﬁiolonleh n@@ﬂ@o%@f&@%ﬂicétﬂaﬁsa not

shown). | munohi st ochem C@e(at al of  un fer ntiated hBS ceI

Devitrified SOPENDEQUERS %‘f‘ﬁ" ‘I’qt' 'éa@ﬁﬁﬁ? 9. M7 ‘?J?‘%‘Ei“?ﬁpr grated ryon| c
f eeder (MEF) displayed morphology characteristic for undlﬁerentlated human BS cells (Figure 5).

Subsequently, these cells were propagated and passaged according to standard

20 procedures and representative illustrations of the human BS cell colonies are shown in
Figure €. Similar results were obtained for human BS cell line SA002 and AS034 (data not
shown).

Example 10

25 Subsequent characterization of human BS cells subjected to vitrification and
devitrification in closed straws
In order 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,

30 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

35 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



cells were fixed in PFA and subsequently perneabilized using Triton X-100.
After consecutive washing and bl ocking steps, the cells were incubated with
the primary WO 2004/ 098285 PCT/ EP2004/ 005031 19 anti body (as indicated).
Conj ugat ed secondary antibodi es were subsequently used for detection. The

nucl ei wer ey Rhiddoksed by DAPI staining. The activity o
phosphat ase (ALP 9Was determ ned using a commerci al ava?Fa)gFﬂ]%&?mflol | ow ng

the Instructions indicated by the manufa® urer (Sigma Di agnostics,

er formed i o SPek eucatedi RS AR EGhosR) mitibfiBs £ . BB . 1
i | lustrated idateFlignuiThe Muclel were dsualizesi hyAR| staining. Ffbe ActivitnoBgkalivel | s di spl ayed
positive staifbdfafads (AAFTAVas Pe@ﬁ@@%ﬁusﬂﬂc&mﬁgmd—%l%lgi(rt gﬁ?@&r g thetnd  ALP

and t hat they wer e negative as _expecte enti at ed
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manuf acturer's instructions. The assay uses the internal activity of

tel onerase, &@POPPIng the product by PCR and detecting it with an enzyne
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(Swerved Lab,, ﬁh%{% ) to allow the formati on of enbryoid bodies

S were

(EBs). Subsequent ‘plated in tissue culture plates and
spont aneousl y

Telomerase activity

20 For analyzing the telomerase activity a Telo TAGGG Telomerase PCR ELISA™"S kit
{Roche, Basel, Switzerland) was employed according to the manufacturer’s instructions.
The assay uses the intemal activity of telomerase, amplifying the product by PCR and
detecting it with an enzyme linked immunosorbent assay (ELISA). Human BS cell line
SA001 was analyzed after devitrification and culture on mouse embryonic feeder cells and

25 displayed high telomerase activity. High telomerase activity in hBS cells correlates with
their ability fo divide indefinitely in culture.

In vitro differentlation
In order to investigate the pluripotency of devitrified human BS cells, undifferentiated
30 colonies from cell line SAD001 were transferred to suspension cultures using the Stem Celt
Cutting Tool (Swemed Lab, Goteborg, 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-ill-tubulin (ectoderm), desmin (mesoderm), a-fetoprotein and HNF-38
35 (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



differentiated cells were subjected to | munohi stochem cal eval uation using
anti bodies directed against,-l1l-tubulin (ectodern), desm n (nesoderm,
a-fetoprotein and HNF-3fl 35 (endodern). Spontaneously contracting cells
resenbl i ng cardi onyocytes were also observed (not shown). Taken together,
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i || ustrated §elis fEpgesegting the threepd "P'?télregﬂ{aiyﬁfﬁl”bwtfg('ien t’éﬁydé'f“al"cP“f"rﬁ’?@gi)r gate the

pl uri pot encwr@freglﬁngrawmﬁst%mumng BS cells, undifferentiated cells (cell
line SA001) were surgically placed under t he ki dney capsul e of severe
conbi ned imuno-deficient (SCID) mce. The mce were sacrificed after 8
weeks and t unwive difrentiatiinssect ed and fixed in PFA. Hi stol ogical evaluation

of hemat 0>Sy ! h%rcfe?% fﬂvés&aﬁ?t@?ﬁe .99@%@ gﬁ@ﬂea%ﬁ %ﬁ%f&%ﬂ%%ﬁaﬁgrehfht § 4gg to
determ ne th Presence t1ssu |ve roma ree germ a ers. As
i | lustrated (pd rnegﬁﬁeoﬁowerﬁen@rpamspeeed yndey theskideay @%Psv'he)f\ﬁﬁverpfqowtnpen and

devi trifi catjmpunBidefi@is® (Seiminies ThEShite W%%bhfﬁ:led Redd %arseardl tainBrsd wdrg cel |'s
representing,  the three different erm aﬁers In vivo e, h%%/remarn

pl uri pot ent )dissgeigd qad dixedhin Ry 'fﬁP' gicgl gpl %tfﬂ'?é?ﬁtheﬁ"ﬁt%l I‘"sost"lf’a?'" pABfEN used
I n the vitridectiaisi was pérﬁanme@medweetdvaétaﬂdmé e ;frséefnbd; o kiss1gs RiBSvetictrdrs all

publ | ahed Sacntip sk itk 4% s Petrd Adights R el 5 Felih St B RlinEToh O
after t he_ prartdrdavgtnfdatm piocédserefained dinir pcrtarrmat toodifferantiate irddo lcellsmepiesehtingr
est abl i shi ” e e @9 .%ﬁ%éi;e?mr e%ﬁ%%?%d thel ﬁﬁgﬁiﬁgt@h%f)f the present
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03/ 055992, V\/m ch is hereby Incorporated by reference The net hod for

est abl i Shi NG BbkraPRbAIY fBH@ﬁ&:iyhﬁ%%r/éérrsdﬁ&tleﬁaci;ears%mrﬁard vitrfficafish | |1 ne
froma fertilized oocyte conprises the steps of 25 1) using a fertilized

oocyte optd dMEFedMrenaving a grade | or 2, to obtain a blastocyst,
optionally having a grade A or B, ii) co-culturing the bl astocyst wth
feeder cells,f
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bl ast ocyst - i%%ﬁé’r%ﬁje Eﬁogﬁg ga% laf tlwé Br%Sent invention, a suitable method for establishing hBS
20 cells is described. In one aspect of the present invention, the cells employed are obtained
by the method claimed in WO 03/055992, which is hereby incorporated by reference.

The method for establishing piuripotent human blastocyst-derived stem cells or cell line
from a fertilized oocyte comprises the steps of
25 i) using a fertilized cocyte optionally, having a grade 1 or 2, to obtain a blastocyst,
optionally having a grade A or B,
ii) co-culturing the blastocyst with feeder cells for establishing one or more colonies of
inner cell mass cells,
iii) isolating the inner cell mass cells by mechanical dissection,
30 iv) co-cuituring 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
35 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 cocytes. In the following is described a procedure for selecting suitable oocytes



v) optionally, propagation of the blastocyst-derived stemcell line. As a
starting material for this procedure, fertilized oocytes are used. The
quality of the 35 fertilized oocytes is of inportance for the quality of
the resulting blastocysts. The hunan bl astocysts in step i) of the method
may be derived fromfrozen or fresh human in vitro fertilized oocytes. In
the foll Ow%(gzqogfosﬁ%sécri bed a procedure for selecting sHCTABRWIBEEIt es VO
2004/ 098285 PCT/ EP2004/ 005031 21 for uzg in a nethod accordi ng WO
03/055992. It was found that an inportant success criterion for the present
met hod is afusplya Selhed aceniding W e3/P992-Thias foppd that 9n iproflantPuces§eyt es are
appl i ed, theriefehRPiNe prasef mebdisi eper sBIBSiod&If bodvitd¥e Thid, ffiohlyigigidt e gener al

requi renents escri bed bel o s low 5 Donated fresh fertilized oocytes:
On day 0 th&° W’@aPﬁ'eas‘SPPgbébﬁWP ning8 h%"f’l’&'l‘? ‘?—'E'J",“g MERFPR i 1 i zed on
day 1 in | Viredulrefn¥hts (descfimd. belhg isflewt i | i zed oocyte is eval uated based on

nor phol ogy and cell division on day 3. The following scale is used for

fertilized oocyte evaluation: 10 Grade 1 fertilized oocyte: Even
bl ast orrer s, Depated fgstefertilizedparyies 20n danl the peevte is@ppiatedingispf 108¢Wibalife). G ade 3

fertilized @a@yérmizze&&%?t 1 RAVRBDvilraifé) Tlﬁfeﬁiﬁféd@c}r@ﬁs EVansAdd Bhaseli B8Rt 1 | i zed
oocytes of grade | and are either :’Igg:f@nt,ed or rozen for stora

e.
Fertilized &R¥RRogYand gelhdidsion gp day 3. Pying scaje jscyed fonjeqilizsnioogyte The
fertilized @ogyitea: are further cultured for 3-5 days (i.e. day 5-7 after
fertilizagtion). The blastocysts are evaluated according to the foll ow ng
scale: 20"Grade A Bl astocyst: Expanded with distinct inner cell nmass (ICM
on day 6 GGrade BieBiliaet omytet Evéddilastorpars,dhedragmentst her wi se | i ke grade A G ade

C Bl astocyst, il lg\/l, ozen fertilized oocytes: At day 2
(after ferthr?&}gt%?éh@?&{ﬁ% éf&%ﬁéiﬂe'&%cyt es are 25 frozen at the 4-cell
st adi um usi Kgade Sertiized cocyle P2Q3h fragpentsr ozen fertilized oocytes are stored

in liquid nitrogen. Informed consent is obtained fromthe donors before the
5-year |imt has passed. The fertilized oocytes are thawed usi ng Thaw Kit

(Vi trol i flé) Aftgreyajugtion ¢} davedi ierilizae geqvies &t 9l and < e pithakdmplantedPay 2. 30
As descri begoadiréestofahe FerfiiRéd bddys @f §ragy s afe Pdrdfdredd EMIqVdolfdRiThéy, and
e e, e codhennen BRberitiaa el 25 Gays (8 day 5.7 P leridshonf e 2

blastocysts are evaluated according to the following scale:

20 Grade A Blastocyst: Expanded with distinct inner cell mass (ICM) on day 6
Grade B Blastocyst: Not expanded but otherwise like grade A
Grade C Blastocyst: No visible ICM

Donated frozen fertilized cocytes: At day 2 (after fertilization) the fertilized oocytes are

25 frozen at the 4-cell stadium using Freeze-Kit (Vitrolife). Frozen fertilized oocytes are
stored in liquid nitrogen. Informed consent is obtained from the donors before the 5-year
limit has passed. The fertilized cocyles are thawed using Thaw-Kit {Vitrolife), and the
procedure described above is followed from day 2.

30 As described above, fresh ferfilized cocytes 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 biastocysts 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

35 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



the percentage of fresh fertilized oocytes that develop into blastocysts is
19% while 50% of the frozed fertilized oocytes develop Into bl astocysts.
This nmeans that the frozen fertilized oocytes are nuch better for obtaining
bl astocysts probably due to the higher 35 quality of the fertilized
oocytes. 69(950 {/@;ﬁ%s | astocysts derived fromfresh fertilized oocytes

devel op int o' 2% ell line, while 15% of the bl ast ocﬁg?@l'ﬁ’g‘f"?%él from
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bl ast ocyst-stage is performed after procedures 5 well-known in the art.
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Froma total of 122 blastocysts, 19 cell lines were established (15.5%. 42

bl ast ocysts were processed by i nmunosurgery
Thus, the procedure of WO 03/055992 alleviates the need for immunosurgery. By

comparing the success-rate in using immunosurgery versus the present method, which
leaves the frophectoderm intact, it has been observed that the much simpler, faster and

25 non-traumatic procedurs of avoiding immunosurgery is more efficient than
immunosurgery. These procedures make the preparation of stem cell lines, and the
differentiation of these cell lines commercially feasible. From a total of 122 blastocysts, 19
cell lines were established (15.5%). 42 blastocysts were processed by immunosurgery
and & of these resulted in successfully established cell lines (14%). Eighty blastocysts

30 were processed by the present method and 13 cell lines were established (16%).

Subsequent to dissection of the inner cell mass, the inner cell mass ceils are co-cultured
with feeder cells fo obtain a blastocyst-derived stem (BS) cell line. After obtaining the hBS
cell line, the cell ine Is optionally propagated to expand the amount of cells. Thus, the

35 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.



and 6 of these resulted in successfully established cell lines (14% . Eighty
bl ast ocysts 30 were processed by the present nethod and 13 cell |ines were
established (169 . Subsequent to dissection of the inner cell mass, the
inner cell mass cells are co-cultured wth feeder cells to obtain a

bl ast ocyst - ¢y Joyfigsssssem (BS) cell line. After obtaining PEE@PQ@%%??I | |ine,
S.

the cell line I1s optionally propagated to expand the and Thus,

the 35 bl astocyst-derived stemcell |ine23my be propagated e.g. by passage

of the stemcell line every 4-5 days. If the stemcell line is cultured

| onger than 4-5 days before passage, there 1is an increased probability that
t he cel | s undlepadfaiprocedirelof dadshging tie cllein a/iEed:0 C4IlLD® 8&8dm RiveRR2004/ 005031

23 A specif i&t@fﬁ?@ﬁﬁgﬁ%@égﬁpﬁg&gi ng the cells in a feeder culture systemis

given in Esta herein. 5 Human BS cell |ines may be
| sol ated either from spontaneously hatched bl astocysts or from expanded
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to step ii) remyvedogr partizlly repnivedizorta melacida mapbeputondiactieajedhiesdenelis.as, e. g.,

ZDTM 10 (pVitrolife, Gothenburg, Sweden), one or nore enzymes or m Xxture of
enzynes such as ronase. 15 A brief pronase (Sigm) treatnment of

bl ast ocyst s 4inarpeducidanf e blasterystyeay breatdeast rastinlly gligefted oR eharaipally illed priethe

zona. Qther %R ek, BY PEARSRASKIN dnB o RBreadilic Sdentd dlichak, AEOFBRERH activity
as pronase nm e used. The bl astoc%/sts can | ated onto said

also b e be
i nacti vat ed (VteliigefSolbanturo.ryyadsnl ABE PHEOBEHAARES O MbdHieen] enzpees shich as
enbodi ment ofroid¥e. i nvention step ii) and/or step iv) may be perforned in an
agent t I nproves the attachment of the blastocysts and/or if rel evant
the inner’*cell mass cells to the feeder cells. A suitable substance for
t hi s pur poseA beefprdnasé (Bigma)drembheht oPBlasiogysistwithl za imectizona pellucidhb agsuliglint he

R T e
bl ast ocyst s astivityres prenade may élsodeaised.gihebldstassts ban henplated optd saitbinactivated
Hyal uronan (gEl)ericsils following the pronase treatment.
20
In an embodiment of the invention step if} and/or step iv) may be performed in an agent
that improves the attachment of the blastocysts and/or if relevant the inner cell mass cells
to the feeder celis. A suitable substance for this purpose is a hyaluronic acid.

25 A suitable medium for plating the blastocysts onto feeder cells can be hBS-medium that
may be complemented with hyaluronic acid, which seems to promote the attachment of
the blastocysts on the feeder cells and growth of the inner cell mass. Hyaluronan (HA) is
an important glycosaminoglycan constituent of the extracellular matrix in joints. it appears
fo exert its biological effects through binding interactions with at least two cell surface

30 receptors: CD44 and receptor for HA-mediated motility (RHAMM), and to proteins in the
extraceliular matrix. The positive effects of HA during the establishment of hBS cells may
be exerted through its interactions with the surfactant polar heads of phosphalipids 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

35 thefeeder 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



an inportant glycosam noglycan constituent of the extracellular matrix in
joints. It appears to exert its biological effects through binding
dinteractions with at least two cell surface 30 receptors: CD44 and receptor
for HA-nediated notility (RHAMM, and to proteins in the extracellular
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found for other types of feeder cells as well. Based on the findings of the present

inventors, a person skilled in the art will be able to find such suitable densities. The feeder
25 cells may be mitotically inactivated in order to avoid unwanted growth of the feeder cells.

The blastocyst-derived stem cell line obtained by the establishment method described
above maintains selfrenewal and pluripotency for a suitable period of time and,
accordingly it is stable for a suitable period of time. In the present context the term “stable”

30 is intended to denote proliferation capacity in an undifferentiated state for more than 21
months when grown on mitotically inactivated embryonic feeder cells.

The stem cell line obtained by the establishment method described above fulfils the
general requirements. Thus, the cell line
35 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



The bl astocyst-derived stemcell |ine obtained by the establishnent nethod
descri bed above maintains selfrenewal and pluripotency for a suitable
period of tinme and, accordingly it is stable for a suitable period of tine.
In the present context the term"stable” 30 is intended to denote

proliferati womap@eissy in an undifferentiated state for pgRfppidollgidedl nonths
when grown on mtotically inactivated enpryonic feeder cells. The stem cell
| i ne obtained by the establishnment net hot descri bed above fulfils the

general requir sl i into d3Rvatived of Wel ' t, on
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mtotically i ndciapditye@BAyoni c feeder cells, and ii) exhibits nornal
eupl oi d chr onpsg erbibitsait Yk e, of &etoldRInd PRBIEdARB AikdrCOIOTRE AikAiRO5031 25 iii)
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both i v o PanapelSe g Saryef eriGhes A Eroskad TRAJREF TRASHH, A ng
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SSEA- 3, SSEA-4, - F otein core of a keratin
sul f at e/ chondr 5?%%%%5%8&?@%??@@6%9%f% ot ei ngl ycan recogni zed by
t he nonocl onal Va#respetigxhitiimnelecularmearker S§54<! eisthas differsntiatian reerkersr andar ker

SSEA-1 or ot hekj)dthiheieRbligHidRY) aABfFRE foratéRbs inWivb WinAhjB&ed Info iRIninbPOt ency
and forns teratonas in vivo whén injected into immuno- conprom sed m ce, and
10 vii) is cap&BMRropgysediMica@Ati ati ng. The undifferentiated hBS cells

obt ai ned by t hgiy®tdpeeleds sfferdntgtigbove are defined by the follow ng
criteria; they were isolated fromhuman pre-inplantation fertilized oocytes,

i.e. blastocysts, and exhibit a proliferation capacity in an
undi f f er ent i GheeuhdifferdrdiatelddiBSlceilgoktanedby the methodalekgribied abbvevare @dfirfeddger

cells; they Mol : ]Qr‘ﬂl vpes ] pi cal
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the car bohydrab@stepysts sod egdbire prolifgstisn capatiyin an godiferntiatedstate whed t he
protein cog e%fa&m 3n ‘ﬁ%ﬁédg? inaiiiVatioeEdaPBEis Ohdy ekt d rRiaP@irdrRGdomd ar matri x
pr ot ei ngl ycah recogni ze f)y t he nonocl onal ‘anti body GCTM 2, and do not show
any 20 expr ekayaiypepthey gepress WoiRg! magkas Bpurdifrserdiatod nBSeelis: hgOCT-4, .
di fferenti at hRAinEPhésPhEtase, ths EdIBoHYAI® eprbpls SERARACISELA! PRAA-60I TRA 13d i N
vivo (terat omasti1 dem?nst r;&e differentiation into derjvatives of all germ
| ayers. Accoffl iigPiotein rre Qb8 eratip pulfalpishapdroilp suitalr peficellddrdmit™) |y pure
preparati on phbtefrglyeampeicegrized by the monoclonal antibody GCTM-2, and do not show any
20 expression of the carbohydrate epitope SSEA-1 or other differentiation markers.
Furthermore, piuripotency tests in vitro and in vivo (teratomas) demonstrate differentiation

into derivatives of all germ layers.

According to the above, the method proveds an essentially pure preparation of pluripotent

25 human BS cells, which i) exhibits proliferation capacity in an undifferentiated state for
more than 21 months when grown on mitotically inactivated embryonic feeder cells; ii}
exhibits normal euploid chromosomal karyotype; iif) maintains potential to develop into
derivatives of all types of germ layers both in vitro and in vivo; iv) exhibits at least two of
the following molecular markers OCT-4, alkaline phosphatase, the carbohydrate epitopes

30 SSEA-3, SSEA-4, TRA 1-80, 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 vil) is capable of differentiating.

35
Procedures for the detection of cell markers can be found in Gage, F. H., Sciencs,
287:1433-1438 (2000). These procedures are well known for the skilled person and



25 human BS cells, which i) exhibits proliferation capacity in an
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anti body. After extensive washes the cell are incubated with the secondary
anti body hdVEyalze Ry RAPLSMaininG 5 i sual i zed by DAPI staining. Alkaline
phosphat ase The activity of al kaline phosphatase is determ ned using a
conmer ci al aé@\(i?}. abl. e p?i } followi ng the instructions fromthe manufacturer
(Si gma Di agnb%PPEHNOSPIEIER: _ 4 RT- PCR

The activity of alkaline phosphatase is determined using a commercial available kit

following the instructions from the manufacturer (Sigma Diagnostics).

20
Oct-4 RT-PCR
The mRNA levels for the transcription factor Oct-4 is measured using RT-PCR and gene
specific primer sets (5'-CGTGAAGCTGGAGAAGGAGAAGCTG,
5'-CAAGGGCCGCAGCTTACACATGTTC) and GAPDH as housekeeping gene (5'-

25 ACCACAGTCCATGCCATCAC, 5-TCCACCACCCTGTTGCTGTA).

Fluorescence In Situ Hybridization (FISH)
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
30 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 nuclet are being analyzed. The cells are
resuspended in Carnoy’s fixative and dropped on positively charged glass slides. Probe
L.S1 13/21 is mix with LS! hybridization buffer and added to the slide and covered with a
35 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



The nRNA levels for the transcription factor Oct-4 is neasured using RT-PCR
and gene specific prinmer sets (5 - CGTGAAGCTGGAGAAGGAGAACCTG,
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with PBS and trypsinized. The cells are collected by centrifugation at
1500r pm f or Gemparativeigenesicihybridizetion xed usi ng et hanol and gl acial acetic

acid and th R
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hybri di zat i JHIReEegsplutian efd F'arﬁ@ﬁﬁ%m%s g 'wpwbleﬁa chatiepging.Jslatad DNAdS er
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DNA 1's 20 polymerase 1. An agarose gel electrophoresis is performed to control the size of resulting

DNA fragments (600-2000 bp). Test and reference DNA is precipitated and resuspended

in hybridization mixture containing formamide, dextrane sulfate and SSC. Hybridization is

performed on denatured glass slides with metaphases for 3 days at 37°C in a moist

chamber. After extensive washing one drop of antifade mounting mixture (vectashield,

25 0,1ug/mi DAPI 1) is added and the slides covered with cover slips. Slides are

subsequently evaluated under a microscope and using an image analysis system.

Telomerase activity
Since a high activity has been defined as a criterion for hBS cells 6 the telomerase activity
30 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)
35 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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hBS cel | S0arfemaleai{dBtraguse derpiomatiecdel is preferable. Tumors are usually palpable after

approximate 1 month. The mice are sacrificed after 1-4 months and tumors are dissected
and fixed for either paraffin-or freeze-sectioning. The tumor tissue is subsequently
analyzed by immunohistochemical methods. Specific markers for all three germlayers are
used. The markers currently used are: human E-Cadherin for distinction between mouse

25 tissue and human tumour tissue, a-smooth muscle actin (mesoderm), o ~Fetoprotein
(endoderm), and £-1ll-Tubulin (ectoderm). Additionally, hematoxylin-eosin staining is
performed for general morphology.

The establishment method is described below in the foliowing "establishment examples”.
30 Thes examples are included herein for illustrative purposes only and are not intended to
limit the scope of 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,
35 atmosphere.



range of 10 000-100 000 cells. Ideally, 5-6 mce are used for each cell line
at atinme. Prelimnary results showthat female mce are nore
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Dul becco' s 0 S t 9 Ig%ﬁail Serum
repl acenent a%hé%rﬁgt'& %’%\Lfmﬁtr?%m @gﬁs "mt%ﬁe) é[ﬁ]@{gp ?c&ne‘}glr pé‘s’ﬁ@cﬁ Fve ?m
concent r at i orexidsSDmivhi-gkitamingend t0¢ \M f:mdsCapddetharst. r ept onycin, 0,1 mvl
non-essential 5 amno acids, 2 nM L-glutam ne, 1001sM p- rrercapt oet hanol , 4

ng/ M human reconbi nant bFGF (basic fibroblast growh factor). Another
sui t abl e nedilothe presepbeeniext thedaym ratabie] ia'intendgdsto gigpotp pralifenglion Sepacity if @ | ows;

KNOCKQOUT( r])5 [ﬂﬁhﬁ@%ﬁa@d Magdl foF ﬁﬂréﬁﬁgﬁ 81 ﬁmoMﬁE‘\NHQBI MR RINSHRAESR n‘{&cfl\tht@d)% 10
KNOCKQUT( ) Serumr&%p acenent and the follow ng constituents at their

respective f i §RRryo B CRUR | ons: 50 units/m penicillin, 50 gg/m
streptomycin, 0,1 mM non-essential amno acids, 2 nM L-gI utam ne and 1001sM
(3- nercapt oet %cij In . the present context the term"stable” is intended to
denote prolif Brmept; '&?si nan 15 undifferentiated state for nore than
21 nonths when grown on mtotically inactivated enbryonic feeder cells.

20 Establishment example 1
Establishment of an essentially pure preparation of undifferentiated stem cells from
spontaneously hatched blastocysts
Human blastocysts were derived from frozen or fresh human in vitro fertifized embryos.
Spontaneously hatched blastocysts were put directly on feeder cells (EF) in hBS cell K

25 medium (KNOCKOUT Dulbecco’s Modified Eagle’s Medium, supplemented with 20%
KNOCKOUT Serum replacement, and the following constituents at the final
concentrations: 50 units/mi penicillin, 50 ug/mi streptomycin, 0.1 mM non-essential amino
acids, 2mM L-glutamine, 100 uM B-mercaptoethanol, 4ng/mt human recombinant bFGF
(basic fibroblast growth factor), supplemented with 0.125 mg/ml hyaluronic acid. After

30 plating the blastocysts on the EF cells, growth was monitored and when the colony was
large enough for manual passaging approximately 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
35 Establishment of an essentially pure preparation of undifferentiated stem cells from
blastocysts with an intact zona pellucida
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st ai ni ng ¥or "al kal i ne phosphat ase was carried out using comercially
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Preparation and cuituring of hBS cell line
Mouse embryonic fibroblasts feeder cells were cultivated on tissue culture dishes in EMFI-
medium: DMEM (Dulbecco’s Modified Eagle's Medium), supplemented with 10% FCS

20 (Fetal Caif Serum), 0,1 uM B-mercaptoehanol, 50 units/ml penicillin, 50 pg/mi
streptomycin and 2 mM L-glutamine (GibcoBRL). The feeder cells were mitotically
inactivated with Mitomycin C (10 pg/ml, 3 hrs). Human BS cell-colonies were expanded by
manual dissection onto inactivated mouse embryonic fibroblasts feeder cells.

25 Human BS cells were cultured on mitotically inactivated mouse embryonic fibroblasts
feeder cells in tissue culture dishes with hBS-cell medium: KNOCKOUT® Dulbecco’s
Medified Eagle’s Medium, supplemented with 20% KNOCKOUT® Serum replacement and
the following constituents at their respective final concentrations: 50 units/ml peniciflin, 50
pg/ml streptomycin, 0,1 mM non-essential amino acids, 2ZmM L-glutamine, 100 pM B-

30 mercaptoethanal, 4 ng/ml human recombinant bFGF (basic fibrobiast 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®

35 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 ami_no acids, 2 mM L-



Establ i shnment exanple 4 Preparation and culturing of hBS cell |ine Muse
enbryonic fibroblasts feeder cells were cultivated on tissue culture dishes
in EMFI - nmedium DVEM (Dul becco's Mdified Eagle's Medium, suppl enented
with 10% FCS 20 (Fetal Calf Serum), 0,1 1sM (3-nercapt oehanol 50 units/m
peni ci I 11 n, waotd¥h2ss St rept omycin and 2 nM L-gl utam ne &, 31The

f eeder cel I s were mtotically inactivated with Mtonycin C (1

hrs). Human BS cel |l -col onies were expandéél by manual di ssectlon onto

i nacti vat ed e nj fibr s were
cultured on ﬁ@%@?’i‘ecéﬁ@m‘;é??% %’E"EQfé‘%e ée"(cf))ﬁh'%g‘fm% %&l%p %ﬁ%ggher
cells in ti sbqﬁe%mmaﬁeveiiwh%slay\mrwthS-ceI I rredl um KNOCKQUT(r) Dul becco's
Modi fied Eagle's Medi um suppl enented with 20% KNOCKOUT(r) Serum repl acenment

and the following constituents at their respective final concentrations: 50
units/m penFetaplishmen$exampln 5 st r ept omycin, 0,1 nM non-essential anino

aci ds, 2mv Lpgggggamfnss ckfl® pM (3 30 rrercapt oet hanol, 4 ng/m hurran

r ecombi nant ast row h facto ven ter ssage
t he col oni esgﬁg eeéﬁsﬁ? h%hgéé‘ﬁ 5["’686 ?IBQTQE&’éedS'@'"Qé‘? 'Id’k?)'b F'E’§°q%éﬁ% I'”VS ni eg
were cut w t migbstepe c:lamdbjeativeaand a DXM1200@lighalmamera Cxdordeschre bassagedevenon-
adherent bacter| I :
KNGKQUT( 1) 48 o shbhies Bleid Endih (5o baldalia WErl ngPtoh SEPEl Hecer
KNOCKOUT(r) 8et-0idx G- &fi3anmivdine flegt dime e geds prewiangpgedntbey hmrgwaforflf?eu r

respecti vey f iyBgis 42768 BE batih APsroximEtelBintpdcgs. penicillin, 50 pg/
streptonycin, 0,1 nmM non-essential armmno acids, 2 nML V\D 2004/ 098285

PCT/ EP2004/ 005031 31 gl utam ne and 100M f 3- ner capt oet hanol . The BS cel |

bodi es, incl ggé &ﬂorﬁéssérb‘fodﬂ&% ©Ré by ol GH & SterebamiBEcopéaindaulin%r dhekkepss | od.
Est abl i shrrent Pass e o &é ceI s Before gtaséfHage the hBS cells

are phot ograB n&oFﬂjf‘gato 1% VP W?Qﬁ?&?'ﬂ% FIEEEHRFEN( 10X
obj ecti ve) aEdcresdDXM S A Ocotbngiid n&hooedmitrame@mk@msﬁmtahatomam@qcbrﬂwcpd 4 5

days. Th I

o sces (B 10BN foegefoat Buiice i et 3 AR5 G Balarlorg BpeREamtly 1,

have grown fmrevewmemvﬁﬂshsTMsI'@amr&)bﬁcﬁm toiten eynutasxdorthe etlis CIaoadhepjem:es The
col oni es_ ar eyf,QelSedier SRFIBY pIéB&‘d 'aJEI :ﬁcuﬁét‘é{)ﬁ‘ﬂe ﬂb%]n%ﬁiﬂﬁ% &Qﬂ%e"&thre'e%%s

checkered pattern according Sl ze I 'nn onogeneous
structure |sawgbd@éqwlomwewﬁgeddﬁe@m!waw M@eﬂ@mé&uwﬂleﬁh he knife,

aspirated i NNgmaallg aPhaif haNgeFmBYA GAfth means that only half the medium is aspirated and
20 replaced with the equal amount of fresh, tempered medium. If necessary the entire
volume of medium can be changed.

Establishment example 6
Vitrification of hBS cells

25 Colonies with the appropriate undifferentiated morphology from the cell line are cut as for
passage. 100-200 ml liquid nitrogen Is sterile filtered into a sufficient amount of cryotubes.
Two solutions A and B are prepared (A: 800 ul Cryo PBS with 1M Trehalose, 100 ul etylen
glycole and 100 ul DMSO, B: 600 ul Cryo PBS with 1M Trehalose, 200 ul etylen glycole
and 200 ul DMSO) and the colonies are placed in A for 1 minute and in B for 25 seconds.

)
et

30 Closed straws are used to store the frozen colonies. After the colonies have been
transferred to a straw, it is immediately placed in a eryotube with sterile filtered nitrogen.

Establishment example 7
Seeding of embryonic mouse feeder (EMFi) cells

35 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



15 on new feeder cells (with the maxi nrum age of 4 days). 10-16 squares are
pl aced evenly in every new I VF-dish. The dishes are left five to ten
mnutes so the cells can adhere to the new feeder and then placed in an

i ncubator. The hBS mediumis changed three tinmes a week. If the coI oni es

ar e passageqﬂ 2'3&%5&5 I's changed twi ce that particul ar week.

"hal f change® 1¢" gde, which nmeans that only half the n%%T%"?‘é”“%{’ébl rat ed
and 20 replaced with the equal anount of3fresh, tenpered nmedium If
necessary the entire volunme of medium can be chan%ed Es%e%bl I shment exanpl e
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placed in A e and In for 25 seconds. 30 Closed straws are used
to store the frozen colonies. After the col onies have been transferred to a
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by i ncubati ocoraditiéghéC for 3 hours. |VF-dishes are coated with gelatin. The
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PCT/ EP2004/ 095881, whid reethgstis adantagedusyconparsddp fecknaive rm@mﬂls imibet thencellBhe
cellis are tnegoleiehl biBYor of £BLHIU 198 bldilged! stufdihy Richaldb il kgl um  and

counted in a ar e nal concentrati on
of 170K cel | ©iahthe pRficelings ¢avid paidbeqsoragaiediiman H@*ﬁwt'aéﬁdsﬁﬁgfqr ngrefeaced

with 1 nm cej ﬁéﬁ&@f@d &Tl-ﬁ%@(i’né?ﬂlﬁﬁzQHclud%%?ﬂaﬂn?éiUb?«fo%ver%'hBEQﬁlerbs 5
or efficient transfer of hBS

ggﬁlnge]g r grﬁead%%gﬁf“g%% %g?%gﬁegsl%‘q‘ﬂatﬁ%%nﬁeFt‘“feP‘B@SS*E%F"tedP%'k%r%‘irem and
| ong- t er m pr opgfséritiared$BSUBlE, @b Sited 8 detle bEfrstaetawity ardignciith ratesrehtiinkie hBS
Ce o o e 5o TS N R b s e SR e o
I n that the dmehed two dnsfafier gisting) whest ratdhenicalrdissbcibtemstasigoniparetivithas sages.
Studies by R&@ﬁm&ﬁ’édi?&oc@hon. %hc(?l‘ﬁ&q step seems to bee the initial step for transfer of the hBS
20 cells to a feeder-free culture system. Accordingly, below is described a method for transfer
of hBS cells to a feeder-free culture system, wherein the hBS cells are mechanically cut
from the feeder. In the Feeder-free examples herein, only the centre part of each colony
was used, whereas in previous work by Xu et al., the whole colonies were detached by
enzymatic treatment with the risk of contaminating the cultures with feeder cells.
25 Furthermore, the use of enzymes, at the very delicate step of transferring the feeder
cultured hBS cells to a feeder-free surface, may cause inactivation of important surface
molecules involved in cell adhesion and growth. The major components in Matrigel™ are
extracellular matrix proteins, like collagen type IV and laminin. Activation of the cell
surface integrins upon binding to extracellullar matrix proteins is believed to be a crucial
30 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, passibly formed
by Integrin a6 and #1 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
35 important surface receptors for attachment or survival might be negatively affected by the
rough initial Collagenase IV treatment before the cells have adapted to the new surface.



that the hBS cell lines could not be propagated in an undifferentiated state
for nore than six passages on cell-free matrixes, including MatrigelrM
However, the hBS cells were 15 stable for up to 35 passages on Matrigelm
still expressi ng the markers for undifferentiated hBS cells, even after a

cycle of fregres ng and growth rates renained roug r
Furt herm)re a si g?\i%l cantly hi gher nunber of survivi ng%%’f'zg%mel&

observed two days after plating, when rreéﬂanl cal dissociation was corrpar ed
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enzyme treated cultures, and the cells were much more stable during passages.
Accordingly, the method for transferring the HS cells according to the invention does not
25 require any enzymatic treatment. As seen in the examples herein, the cells cultured and
proliferated under feeder-free conditions have a mitotic index that was similar to that of
cells grown under feeder conditions.

The propagation of the blastocyst-derived stem cell line comprises culturing the stem cells
30 under feeder cell free growth conditions, as culturing the hBS cells without feeder cells
has a number of advantages, such as, e.g. there is no need for the ongoing production of
feeder cells, the production of hBS cells may be easier to scale up to commercial
production and there is no risk of DNA transfer or other infection risks from the feeder
cells.
35
Thus, the transfer and propagation step under feeder free conditions may comprise the
following steps of



10 with feeder cells to obtain a blastocyst-derived stem (BS) cell line.
After obtaining the hBS cell line, the cell line is optionally propagated
to expand the amount of cells. Before propagation of the hBS cells In a
feeder-free system the hBS cells may be transferred to a feeder-free
system 15 As ntioned herein before and as it is denonstrated in the
Feeder - free "SAMPEE a2 critical factor for the successPEHERNM/MIGEpagati on
of the hBS cells Is the nmethod by which 34he hBS cells is transferred froma

feeder culture systemto a feeder-free culture system Accordingly, the hBS
celI's nust be trans®elransfering thadlasiosyss ferfved stepgally framdgedes i flgpderdrefechani cal

di ssection, which mayc@rdsy heeHaRdaéatafenlg gl ass capillaries as a cutting
tool. As shown in the exanpl es herei nmechani cal , di ssoci ation resulted in a
much nore efficied® %Pﬁ%ﬁn@ﬁi‘-‘“?ﬁ %eB[aptgcyfsgg?qyggﬁgm?%@uq&?r f%eq’?f)f;%ﬁfeﬁpi d
proliferation conpar egroith ¢dmaitioesin yarseitdbiecgrowith mediim apd/or ama stitableceppat wer e
much nore ftabl e d“”élﬂ;s 8RS s. Accordingly, the nethod for transferring

the HS celTs according to the'Tnvention does not 25 require any enzynatic
treatnent. As seen 9 nonRtigpalyx panskaing the blastocyst Herived|stem eell lingrevery 3ntp days

proliferated under fegdeizhafCatditdhdchaicl héMmedt Mtotic index that was
simlar to that of <cells grown under feeder conditions. The propagation of

t he bl astocyst-derived stemcell line conprises culturing the stemcells 30

under feeder Neghdily fallegpghiewiiyare ditflidéd.ons, as culturing the hBS cells without
feeder cel)s has a nunber of advantages, such as, e.g. there is no need for
t he ongoiﬁ production of feeder cells, the production of hBS cells may be
easi er to scataesfepofthBSommiisromisafbadap cotincsyistem iarafebder+ieeicalivre systark of DNA

trapsfer or %Q%nsifé?fsfe?ﬂag%e&il 7 dfortfe@ %'mgalffsfeg:%gmengig%édsabo%é A [yhe
transfer and propagation Step under teeder free conditions nay comg [ se the
fol | owi ng st thedrapsfenghoplidty dxne 1S BreREToiFmTbanitly SiFsaciatipn aaymechanicsl erri ng t he

bl ast ocyst dggi lih the '
astocyst dggideash ﬁtﬁf?)zﬁlggé the fé‘ﬁé} W%%?S*B& ﬁ‘ﬁ?ﬂ%&ﬁﬂ;@a@tﬁ&%ﬁﬁé% '?/yed stem

mechani cal _treat nent. Lonally, c uring ast ocyst
cel I's undé? fensdyrmeassiof aneeitagle Sifting toghfyrh AHALCAl Ravinga phaBRNed B ARtha medi um

and/or on a s tabkapsrdpie for the SUtRg! TR t8a! nitlybeMhiadditfiaf] slitale rRRsR8idAg t he
bl ast ocyst dgg,le\./ge.,dplassttig g}' g(;:lglss! arll anneexg%g{e%f g _SIJJ‘I%D%%I is a cutting tool that 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.

20 Itis produced by Swemed Lab international AB, Bilidal, Sweden.

The hBS cells to be transferred is a colony of hBS cells and pieces is cut from the centre
of the colony and suspended in a suitable medium as cell clusters. The cell clusters are
dissociated mechanically one or more times e.g. until the cell clusters have a size that is

25 atleast 50% such as, e.g., at the most about 40%, at the most about 30%, at the most
about 20%, at the most about 10% or at the most about 5% of that of the orginical colony.
The size is e.g. determined as the diameter of the cluster or colony, respectively.

In the feeder-free examples herein is given suitable conditions for the fransfer process.
30 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
35 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



by enzymatic and/or nechanical treatnent. Normally, all steps i) - iii) are
I ncl uded. 10 Transfer of hBS cells froma feeder culture systemto a

feeder-free culture system The transfer step has been found to be a critical
step as nentioned above. Accordingly, the transfer should be done by neans

of mechani c@)d Modogz9Ci ation or nmechani cal dissection in the
feeder culture system This nmechanical treatnent may begxfgkg%rqg&%é/ﬁneans of

any suitable cutting tool such as a t ool 3havi ng a sharpened end and a size
materi al - sachy aEtegel ' euih e g bR cdtie ST HSupter WMioditi 2° o
i's a cutti ngEagleMetiort (D-MEN) suppienantedshitari¥e Rewicitin/StreptorychI(BEST; with a 25
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ranster L0 ohEEuSUIRe LR Shl foBaify F 208 ris b RBREL Wit dng) Al orbPBE
appropri at e (GigoRE/INViiFRGeR) prier ig vse: hhe keVitrghife" abrpliurg may bedisedfprairite pred i n

the art. Feeggsx if §i8RdK Y. WHenREHERARDOCTolp BARE honHRSAO Mk bREREN medi um
(k- VitroHESTM e |ug {or é{gﬁe}gﬁh?o% free cultures To prepare nEF cells for

condi t i oni ngPigteackvty US88%f | uent nonol ayer of nEF cells
passage two) was Mtonycin C treated and seeded in a concentration of WO

: : 5
i gm) colt el M PABEPIRBE [ n Dul becco s Nbdified  Eagl o Nedi um (D VEM
suppl enent edTransferiing ENBS ceéll limdsIorfeqren finpe ignowthEeTditianGO00U/ n1 ), 10% Fet al
i boosrur nvi Prn s Edtings Rt AeaRBor WibmyltPE SRR modsc icbdilin 180 LT
and one washpasisa¢esRRS cuitired BAPHIES T rroegivm suppiemeantedl with 4rgémitnfdwmad basieind
fibroblast growth factor (bFGF).
20
Two different techniques were evaluated for transferring of the hBS cells from feeder
culture to Matrigel™ coated plates, one with mechanical dissociation and one with
collagenase treatment. The hBS cells were cut in square pieces, which represented the
middle of the colony, by using a stem cell cutting fool (Swemed Lab AB, Billdal, Sweden),
25 and carefully detached and transferred the cells to HBSS solution. The stem cell tool is a
sterile sharpened glass capiliary, 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.

30 Enzymatic treatment with collagenase (for comparison)
After washing in HBSS the cell clusters were transferred to a Collagenase 1V solution
(200 U/mi; Sigma) for enzymatic dissociation. The ceils were incubated for 30 minutes at
37°C and 5% CO,. During the incubation petiod, repeated mechanica! dissociations with
a pipeite were performed and the dissociation process monitored in an inverted

35 microscope. After the incubation period the cell suspension was pelleted (400 G for 5
minutes) and washed once in KnockQut™ D-MEM (GibcoBRL/Invitrogen) before being
resuspended In k-VitroHES medium.



replaced with VItroHES7m nmedi um (0.28 nV cnR) for a 24 hour conditioning
period. The conditioned VitroHESTm nmedi um (k- VitroHESTm nedi um was
collected every day up to three tinmes fromthe sane nEF culture (in passage
two) and sterile filtered by using a 0.2 pmlow protein binding filter

( Sar st edt, %}f@gg@ Sweden). The k-VitroHESIM -nedi um 10 was used either
fresh or after I"'ng at -20C and suppl enented with 4Pﬁ'gr7EW°°8?°5?ﬂ'l

(G bcoRL/I nvitrogen) prior to use. The k-3¢VitroHEST"' - medi um may be used for
up to one week if stored at +4C. Wien stored at -20C for up to two nonths,
no sign of reduced bioreactivity could be detected upon usage. 15
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20 plating, when mechanical dissociation was compared with enzymatic dissociation (fig 5).
The total area of all colonies generated on Matrigel™ after dissociation with the two
different techniques, respectively, was compared (P<0.001). Furthermore, six days after
plating the total colony area in the mechanically dissociated culiures were significantly
increased compared with the enzymatically dissociated cultures (P=0.0386).

—
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Feeder-free example 3
Culture and Passage of hBS cells cultured on Matrigel™
Four different cell lines SA 002, AS 038, SA 121 and SA 167 were used in all
experiments. The cell lines were propagated on Matrigel™ for up to 35 passages and the

30 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 IV (200U/ml) solution was added to each
well and incubated for 15-20 minutes. To facilitate cell detachment from the surface

35 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



a 1-m automatic pipette. The dissociation process was conpl eted when the
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Thawing of the hBS cells
k-VitroHES™-medium has to be prepared and preheated before thawing the cells by
placing the cryotubes in 37° water bath until all of the cell suspension was thawed. The
cell suspension was transferred to the preheated medium for 5 minutes before

25 centrifugation (400 G in 5 minutes). Matrigel™ thin layer coated (BD) wells were

rehydrated by adding 1 ml of k-VitroHES™-medium to the wells and incubate 30 minutes
in 37° C. The cell pellet was resuspended in k-VitroHES ™-medium and transferred to
either 24- or 6-well Matrigel™ plates.

30 Feeder-free example 5
Characterization of feeder free cultured hBS cells
All characterization experiments were performed after establishment on Matrigel™ and
after a cycle of freeze/thaw.

35 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,



of 1:2 to 1:6 onto Matrigel TM The hBS cultures were passaged every 5 to 6
days and the nedium was changed every second to third day. Result of
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Cryopreservati on awi ng of hBS cells cultured on Matrigel T"
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| mmunocytochem stry: The cultures were passaged as descri bed above, seeded
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Germany) according to manufacturers instructions.

20 Karyotyping and FISH: The Matrigel™ propagated hBS cells designated for karyotyping
were incubated for 1 to 3 hours in colcemid (0.1 pg/ml, Invitrogen, Carlsbad, CA, USA),
dissociated, fixated, mounted on glass slides and the chromosomes visualized by using a
modified Wrights staining (#WS-32, Sigma). Preparation of metaphase plates was
performed as previously described. For the fluorescence in situ hybridization (FISH)

25 analysis, a commercially available kit (MultiVysion™ PB Multicolour Probe Panel; Vysis,
inc., Downers Grove, IL) containing probes for chromosome 13, 18, 21 and the sex
chromosomes (X and Y) was used according to the manufacturer’s instructions, Slides
were analyzed using an invert microscope equipped with appropriate filters and software
(CytoVision, Applied Imaging, Santa Clara, CA).

30
Teratomas: For the teratoma formation experiment, immunodeficient SCID mice (C.B-
17/lerCri-scidBR, Charles River Laboratories, Germany) were used. Matrigel™
propagated hBS colonies were enzymatically detached from the surface by using
Collagenase IV (200U/ml), mechanically dissociated into smalt cell aggregates and

35 approximately 50 000 to 100 000 celis/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



38 Sweden) for 15 mnutes at roomtenperature and then washed again three
times in PBS. The nonoclonal primry antibodies used were directed agai nst
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Matrigel T™M %ﬁm&ﬂpﬁeﬁé}ﬁﬁé‘h%ﬁd%r e enzymat i cal | y detached fromthe
surface by usi | V 8 mechani cal |y dissociated into
smal | celd0 aﬁ@'f @-ﬁglsésoognﬁs 038 SA 121 and SA 167 were frozen and thawed by using
cryopreservation techniques to see if any changes in the characterization could be found.
After thawing all four cell lines survived and started to grow on Matrigel™ coated plates in

similar pattern

25 Pluripotency and maintenance of the four different hBS cell lines in feeder-free conditions
was demonstrated and compared to previous results for feeder cultures of the respective
cell lines. These characterizations were performed by examining the morphology,
expression of undifferentiated markers, telomerase activity, karyotype, and differentiation
in vivo.

30
Immunocytochemistry: SSEA-1 expression was negative in ali 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™

35 propagated cel! lines.



35 approximately 50 000 to 100 000 cells/organ were injected under the
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negative in all feeder-free cultured hBS cell |ines as opposed to staining

Wi th anti bodfRstome Brialion>PEAtomma forhatiof wal Béridriiéd féHtto Matrigel™ cultured hBS

20 celllines, SA 167 and SA 002, and the results showed that teratomas formed consisting of
differentiated cells and tissue representative from all three germ layers (endoderm,
mesoderm and ectoderm, providing evidence that the Matrigel™ propagated hBS cultures
have retained their pluripotency.

25 Oct-4 expression: Oct-4 expression was high in all four cel! lines cultured on Matrigel™.

Feeder-free example &
Comparison of mitotic index of hBS cells cultured under feeder-free conditions on
Matrigel™ coated plates compared to hBS cells cultured on embryonic mouse
30 feeder cells
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
35 feeder-free and feeder cultured hBS cells,

Resuft of example 6



TRA 1-80 which show a clear positive i munoreaction as expected for
pluripotent hBS cells. Further, the cells displayed high | evels of AP
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20 cell lines, SA 167 and SA 002, and the results showed that teratomas
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pl uri potency. 25 Cct-4 expression: Oct-4 expression was high in all four
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mtotic index in both cultures was calculated in order to conpare the growth
rate between 35 feeder-free and feeder, cultured hBS cells, Result of

exanpl e 6 WD 2004/ 098285 PCT/ EP2004/ 005931 41 The mitotic index was simlar
in cultures grown under feeder-free (Matrigel Tm) conpared to feeder |ayer
conditions. The doubling tine for the feeder-free cultures were roughly the
sanme (around 35 hours) as for feeder propagated hES cells. 5 10 42 dains
1. Anethod for vitrification of hBS cells or cells derived fromhBS cells,
conpri sing Cleimg transfer of said cells to a first solution (solution A),
ii) optionally incubation of said cells in the first solution, iii) transfer
said cells obtained in step i) or ii) to a second solution (solution B),

i v) opti ondl layméthedifoavitriioaticn of KBS celld brsceilsdérived frenchBE sellsptonmrising) t r ansfer
of at least 20 pi of said cells obtained fromstep iii) or iv) Into one or
nore 10 closed straws, vi) sealing the one or nore closed straws, and vii)
vitrifi &at iforansfer phssit nalisdo arfitst eolutiarsigdiutianr A)nvs, 2. A net hod according to

claim1l, sferred in step 15 v) is from
about 20 '?é&ﬁgfdg]ﬁ%%k'ff%suc%éﬁg%E’glﬁl's%s@lr:'% about 20 pl to about 225 I,
from about "EEtrapsfetSﬁl@tbeil;tobtameﬁboatepzmubtoasecomi adjofign (26lution B), about 175 |
from about \920?‘@?@9 rﬁ:gejﬁﬂr n%‘?g l:i’celsrl @&‘EHﬁd ut|ont° about 125 t, from about

30 pl to ab oma out 3 to about 75 1, fromabout 40 to
about 50 | .v)2anger of abisabiclf ot saidicells qbtmmwm stehel)prwtbtﬁm@wlrmrms, wher ei n
said h BS cell lines. 4. A nmethod according to any of the
precedﬁﬁg e'%ldszdg{rngd%erei n at | east one of the first and second sol utions

conpri ses oﬁ@eeﬁﬁgmeenepympml@@ﬂamws gg 5. A nethod according to claim4,
her o1 . ¢ e PiFBkGHY feunkap HRFEELAN S, Sel ected 1 rom the gr oup

consisting o I'ycerol, treha sucrose, ethylene glycol, DWVSO,
pr opanedi ol , and or m xtures thereof.

2. A method according to claim 1, wherein the volume of said celis transferred in step

15 v)is from about 20 pl to about 250 pl, such as, e.g., from about 20 ul to about 225 i,
from about 25 ul to about to about 200 pl, from about 25 pl to about 175 pl, from about
25 pl to about 150 pl, from about 30 pl to about 125 pl, from about 30 pl te about 100
w!, from about 35 pt 10 about 75 i, from about 40 to about 50 pl.

20 3. Amethod according to any of the preceding claims, wherein said hBS cells are hBS
cell lines,

4, A method according to any of the preceding claims, wherein at least one of the first
and second solutions comprises one or more cryoprotectants.

26
5. A method according to claim 4, wherein the one or maore cryoprotectants is selected
from the group consisting of glycerol, trehalose, sucrose, ethylene glycol, DMSO,
propanediol, and or mixtures thereof.

30 8. Amethod according to any of the claims 4 or §, wherein the first and the second
solution contain one or more cryoprotectants that are the same or different.

7. A method according to any of the claims 4-6, wherein the concentration of the one or
more cryoprotectants in the first and the second solution is the same or different.
35



30 6. A nethod according to any of the clains 4 or 5 wherein the first and
the second solution contain one or .nore cryoprotectants that are the sane
or different. 7. A nethod according toggany of the clains 46, wherein the
concentration of the one or nore cryoprotectants in the first and the
second solution is the sane or different. 35 43 8. A nethod according to
any of the clains 4-7, wherein the total concentration (calculated as %
viv, %wwor M of the cryoprotectant in the second solution is |arger

t han t hat i8& Arnethbd asd:ording utényrnf tHe deaimé 4rk: Whekimthedotdl copcemtratioy of cl ai s

4-8, wherei t e [ gto
claim?9, (g?lé{ﬂﬁteﬁ e gﬁbgﬁﬁr a | E) %&A&?@?gg%t%gghe%re gﬁédgqﬂf)l@ﬁ%g' &QPM to
about 1 M thamthahip,thefingt solfitioom about 0.05 Mto about 0.9 M fromabout 0.1
Mto about 0.8 M fromabout 0.2 Mto about 0.7 M from about 0.3 Mto about
0.65 10 M fromabout 0.4 Mto about 0.6 M from about 0.45 Mto about 0.55
M 11. A mel.Houethod ecefiraing taanymf claime#-8i wherainghe atyeprotastanhis trehgloge. ot ect ant
is sucrose, 12. A nethod according to claim 11, wherein the concentration of
sucrose is fromabout 15 0.02 Mto about 1 M such as, e.g.. from about
0.05 Mto albétmethod accordingro-aiaimtd, eherein the sorgspiretian of tehalpseimitebout 0.2 Mto

about 0.7 '\ébofuf@ﬁbﬁpﬁ%ogt 6%&& a%beg Sfr%nﬁé—‘btho o%mm?a%'a% 91, foM dogugbout

0.6 M fromabout O. t o about according to any of

the precedi®d M:!%ﬁh?ﬁto ﬁ%r"’é’mﬁwt 0.4 to aheut @F M. aboyt 0.3M togheut $B5 second

sol uti ofy CopPfrbmBBod OV4 FAEBbdIt-0EIMURSM RBoRILHE M td 4bo 0B MOd according to
claim 13. wherein the viscosity-ad] usti ng agent is selected fromthe group

consisting of Ficoll, Percoll. hyaluronic acid, albumn, polyvinyl

pyrrolidoneti & @bthbs aacfdr@lng ﬁﬁérgtdf Blamla-g] VESERthe %odrétec@nn@rsb&dséccor di ng
to claim13 or 14, wherein said viscosity-adjusting agent is Ficolk 16. A

nmet hod accordi ng to claim 15, wherein the concentration of Ficoll is at the
nmost 30 abouia hbiBodgédOrding odlaimst1, herein e cofi@niragdn dtlkotrbssl@@rofdbslit at t he

or “at "F. 02 NBalou . bt & 5, 7R Snabtn BP AT iy B PR ABRCE] A e
13- 16, wher @igbott®s M, frstn todt 0.2é4 memnm 34, s alckib L300 atiolt BABMT MO €
viscosity- aglsbbil. £HE BBoittE MrSm W8S AEMIb aBbJtoHsH1"

13. A method according to any of the preceding claims, wherein at least one of the first
20  and the second solution comprises a viscosity-adjusting agent.

14, A method according to claim 13, wherein the viscosity-adjusting agent is selected
from the group consisting of Ficoll, Percoll, hyaluronic acid, albumin, polyvinyl
pyrrolidone, alginic acid, gelatin and glyceral.

25
15. A method according to claim 13 or 14, wherein said viscosity-adjusting agent is
Ficoll.

16. A method according to claim 15, wherein the concentration of Ficoll is at the most

T30 about 150 mg/ml, such as, e.g., at the most abaut 100 mg/m|, at the most about 50
mg/ml, at the most about 25 mg/ml, at the most about 15 mg/ml or at the most about 10
mg/ml.

17. A method according to any of claims 13-18, wherein the first and the second
35 'solution contain one or more viscosity-adjusting agents that are the same or different,



18. A nethod according to any of the clains 13-17, wherein the concentration
of the one or nore viscosity-adjusting agents in the first and the second
solution is the sone or different.5 194 A nethod according to any of the
precedi ng clains, wherein at |east one of the first and second solutions is
an aqueous solution 20. A nethod according to any of the preceding clains,
wherein step ii) is included. 10 21. A nethod according to claim 20,
wherein the incubation is performed at about 37 C for a tine period from
bet vvefen 5 S1b£; Mmelt?boubc&&ngimarsmlfgheagam 1317, Whéﬂ&irﬂhgubnc’bﬁtral&ﬁ?ftnb gbgut 15
m n rom about sec t.o about m se out m n,
't om about 35 watoreyesntfstiii oeri o 3R 0RE bedopg SERURT s TRane ¢ om
about 50 sediff@edtbout 3 min, fromabout 30 sec to about 2 min, from about
45 sec to about 15 1.5 min or about 1 min. 22. A method accor di ng to any of
the preceding clains, wherein step iv) is included. 23. A nethod according
to cl ai 8 2219. vitmeethod atéreding todrat ofdime precering daimedwhdreinkad ieasBohe A EheGirétor a

time peri odag‘{%épgﬁgé%(ﬁ%q%gﬁgq%ﬁggd fofbout 10 min such as, e.g., from

about 10 sec rom about 10 sec to about 5 mn, from about
15 sec to about 4 mn, fromabout 15 sec to about 3 mn, from about 15 sec

to about 2 g p Iefhg acl ?Hb l@%nft?‘?ré%ﬂrseec r(‘\#cl indd) \Qh rkin H%thcl?de%ec to about

1 mn, fromabou rom a out sec to about 30
sec. 25 24. A nethod according to claim22 or 23, wherein the incubation is

por for el a1 ADRMihoq Aodrahlo ARAND WheRiE Rk 3o 12BerrdyB BRSO i NG o

any of recedi ng cf erei'n a e.g.
about 55% orC fmlaéimeameﬂ fW/BQSWWﬂﬁ gec @tﬁb@t’t minsuchas.&.9. afb@mabmﬁfﬂ@ or nore,

about 75% Oéedm%ﬁoutammn ﬁ&r(oa%ut”i‘?:r&c t@QtSMt 155% erord%o%t 26084 2BAJP8  ore

or about 95% or nore sal d Ils are viable after being devitrified and

cultured i finafromy qb&st %0 ﬁ%ﬂP@ﬁP“tﬁ“% rors abautidFes de abeut ﬁgj"'?-(f"%’h?b%# t he

clai ms 1- 2554 géd faiboGQIRIA, FoMbBaY3( sdcftb @B MY frém aBBtABRe6 Bdusi Ny 45
Vviii) subj e e gr, nore vitrified closed straw to an environnent having
f B8 o7 Ao

a tenpétatir dBBut room tenperature to about 40 C for a tine
period of that allows the content of the closed straw to thaw, iXx) opening

of the one 8£ A ("Method a%rs;oergmgtlo any of the preceding claims, wherein step iv) is included.

23. A method according to claim 22, wherein the incubation is performed at about 37
20  °C for a time period from between about $ 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 § secto
about 30 sec or from about 10 sec to about 30 sec.
25
24. A method according to claim 22 or 23, wherein the incubation is performed at about
37 °C for about 30 sec or less.

25. A method according to any of the preceding claims, wherein about 50% or more

"30 such as, e.q., 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 mora, about 90% or
more or about 95% or more of said cells are viable after being devitrified and cultured
in & suitable medium.

35 26. A method according to any of the claims 1-25 further comprising devitrification by a
method comprising



5 X) subjecting said cells contained in the one or nore opened cl osed straw
to a washing procedure using a third solution (solution C). xi) optionally
transferring the washed cells obtainedg4gromstep x) to a fourth solution
(solution D), and xii) optionally incubating said cells in the fourth
solution, 10 xiii) optionally transferring said cells fromxii) fromthe
fourth solution and seeding said cells on feeder cells, and xiv) optionally
further cultivating said cells. 27- A method according to claim 26

?OWL i sing gfipsubjecting oré br rasve vggﬁéd;&:loséﬁ ﬁ&&wtﬁmmamaﬂmmbm? to cl ?i m 27,
urther conpri si st Xi.i : nmet hod gccor dj to any o e, clains
26- 28, wher rrr\pe{%gre(qfﬁlr%m M"@P"‘f%’ﬂ‘f’?rﬁh‘(?&’ %”H?%@éﬂ%ag‘metﬁqrﬁﬁ oﬂbﬁ{)ri ses one
or nore cryasvwa thelcantest of e désedAtrawttdittdwaccording to claim 29, wherein the
one or mre.%ogrot? tants is Fs"ele ted fromthe group consisting of

gl ycerol, t o808 o R ESE MO HOP ™ ycol, DMBO, propanediol, and or

m Xt ur es5t hey ablectidd s&id cels contaned imtheandion otoopdnat @1086d strdve (cea waghey one or
nore cryopraotectants.is l,. trehal ose, sucrose, or mxtures thereof.
32. A net hoR"%EQIF YR atteﬂ%%(o;ﬁ%?'ﬁ?mt\'ﬂqre@ei n the concentration of the

cryopr ot ect aiopiienally tramsferbingitheQvadBedtdlle obtainet ftbm\étep g toafounth gplytiohr om about
0.05 Mto agé)%hiog.ruj A\A from 30 about 0.1 Mto about 0.8 M fromabout 0.1 M
to about O. ‘mé’bout 0.1 Mto about 0.6 M fromabout 0.15 Mto about
0.5 M fr onx@mptionaly hovbatingasaisieell® inkhefourtB3olufomet hod according to any of

cl ai s - 32 | (L Lan . r i he third
sol uti oﬁéi s%"?a%@?‘glzﬂ%ngﬁe coﬁigédg{??rg@irkgﬁﬁ %'#' “&fgﬁ%ﬁ%@%@bf‘a g%% g%?[hgﬁ, Qi n the
fourth sol ureltsen fepdercelis; and .

xiv) optionally further cultivating said cells.

27. A method according to claim 26 comprising steps xi), xiil} and xiv).

15
28. A method according to claim 27, further comprising step xii).
29. A method according to any of the claims 26-28, wherein the third and/or fourth (if
relevant) solution comprises one or more cryoprotectants.

20

30. A method according to claim 29, wherein the one or more cryoprotectants is
selected from the group consisting of glycerol, trehalose, sucrose, ethylene glycal,
DMSOQ, propanediol, and or mixtures thereof.

25  31. A method according to claim 30, wherein the one or more cryoprotectants is
glycerol, trehalose, sucrose, or mixtures thereof,

32. A method according to claim 31, 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
30 about 0.1 M to about 0.8 M, from about 0.1 M 1o 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.

33. A method according ta any of claims 26-32, wherein the concentration of the
cryoprotectant in the third solution is larger than the concentration of the cryoprotectant
35 in the fourth solution, if relevant.



