27 JULY 2006 1 DESCRI PTI ON CRYOPRESERVATI ON MEDI UM FOR PRI MATE EMBRYO STEM
CELLS AND CRYOPRESERVATI ON METHOD TECHNI CAL FI ELD 5 The present b?yﬁﬁihﬁ@
relates to a cryopreservation nediumand a cryopreservation nethod
enbryonic stem (ES) cells fron1pr|nates i ncl udi ng humans, which have the
potential to differentiate into any tissues in the body and prom si ng
applications in the fields of cell culturge, 10 tissue transplantation,
research for drug discovery and gene therapy. BACKGROUND ART Enbryonic stem

cells are cell lines derived fron1tB ippner cell mass of the blastocyst.
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successful cloning
(ES) cells from primates including humans, which have the

potential to differentiate into any tissues in the body
and promising applications in the fields of cell culture,

10 tissue transplantation, research for drug discovery and
gene therapy.

BACKGROUND ART

Embryonic stem cells are cell lines derived from the
inner cell mass of the blastocyst. When undifferentiated,
15 they are pluripotent and can contribute to formation of
any tissues including the germ line. Experiments using
animals such as mice showed that blastocysts or morulae
having ES cells injected therein or morulae with clumps
of ES cells attached (Wood, S.A. et al., Proc. Natl. Acad.
20 Sci. USA 90:4582-4585 (1993)) develop into progeny having
two different genomes (which is called chimeric progeny) .
Moreover, ES cells are used in numerous medical studies
to develop animal models of human diseases {(Smithies, O.
et al., Proc. Natl. Acad. Sci. USA:5266-5272 (1995)) and
25 cell differentiation study models (Doetschman, T.C. et
al., J. Embryol. Exp. Morph. 87:27-45 (1985)).

On the other hand, the report of successful cloning



27 JULY 2006 2 by transplantation of adult somatic nuclei by Wlnu et al.
in 1997 (Wlnut I. et al., Nature 385:810-813 (1997)) inplies thg; ;yLy 2006
possibility of formation of genetically identical enbryos. Furthernore,
recently reported 5 techniques for inducing differentiation of ES cells into
various tissues including the nervous tissue (Svendsen C. N et al., TINDS
22:357-364 (1999), Li M et al., Curr. Bhol. 8:971-974 (1998), Ckabe S. et
al ., Mech. Dev. 59:89-102 (1996)) have raised expectation of nedical 10
transpl ant atbgntehngpnahtaaiby béeatiutal sbinastiesnwctiBouby waMmae el ni.nat i on
and gene therapies using ES cells derived fromcloned enbryos. Under the

above-menti oprdleprcywilanees. theatargrhtuter 385:eeblspsoduobiron ext ended
fromsnmall |laboratory 15 animals to primates including humans, and Thonson

et al. reporimgliesl aheoposkibhasuy BBNEeymkSiesl bs §8nd9926a1(13%995 Proc.
Nat|. Acad. Sci. USA 92:7844-7848; USP5, 843, 780; USP6, 200, 806 and
W96/ 22362) . iGenthea]l embr¥888, Fentldimiref FEraetly sepotesdy derived from
in 20 vitro fertilized human ova was reported (1998 Sci ence Nov 6;
282(5391)s5 1146ehhigbeembior éhdatingudéEéédednthaesbabbEshseatldls Ehtoel
lines fromintracytoplasm c sperminjected ova of cynonol gus nonkeys, which
are used w debyibnsnedesabs2bnsiudiag the hbevounsefioknessSivangdsenl Cni cal
testing, and denonstrated that they retain their pluripotency for a |ong
term (2001 D¥v. ebyal.OcTINR22R2)Y3373364 4AhBH9IP, ALi M. et al., Curr.
Biol. 8:971-974 (1998), Okabe S. et al., Mech. Dev.
59:89-102 (1996)) have raised expectation of medical
10 transplantation of genetically identical tissues without
immune elimination and gene therapies using ES cells
derived from cloned embryos.
Under the above-mentioned circumstances, the target
for ES cell production extended from small laboratory
i5 animals to primates including humans, and Thomson et al.
reported isolation of rhesus monkey ES cells in 1995
(1995 Proc. Natl. Acad. Sci. USA 92:7844-7848;
USP5,843,780; USP6,200,806 and W096/22362). Further, in
1998, isolation of ES cells similarly derived from in
20 vitro fertilized human ova was reported (1998 Science Nov
6;282(5391):1145-7).
Suemori et al. succeeded in establishment of ES cell
lines from intracytoplasmic sperm injected ova of
cynomolgus monkeys, which are used widely in medical
25 studies for their usefulness in preclinical testing, and

demonstrated that they retain their pluripotency for a

long term (2001 Dev. Dyn. Oct; 222(2):273-9; and JP-A-



27 JULY 2006 3 2002-159289) The potency of the cynonol gus nonkey ES cells
to differentiate to dopam nergi c neurons was also confirmed (2002, R5Gf2006
Nat|. Acad. Sci. USA 99: 1580-1585). However, the ES cells of prinates

i ncludi ng humans 5 established by the above nethod have a probl em of poor
cryopreservation efficiency under the conventional cryopreservation
conditions mainly used for nouse ES ceII?. Therefore, when frozen accordi ng
to conventional protocols, they take at Teast 2 to 4 weeks to proliferate

10 in cul turgoepough289)be bt ttati@d. o Beshdlasyidito By endrandy oned
cryopreservation protocols for nouse ES cells, anong reports on stem cel
cryopreservatedhs 8BoCHYOpeesptyatotocaspaniheegitoneunutibenbedatebl s

i ncl udi ng hemat opoietic stemcells (JP-A 15 2000-201672) has al ready been

reported. HoweMeirmad NBObRdPapplirable heaglipaie ESaceblssBasipet) been
reported yet. The object of the present invention is to provide a

cryopreservat i onHsRei/ein, anteaESr yepleservatrioateet hadluddnyhhohateke it
possi ble to cryopreserve ES cells fromprimates including humans, if not
known yets sespiplivshbd biyghhei abolret et RbEChEGERE HFobHEm| BWEDBOON The
present inventors have carried out studies to 25 solve the above-nentioned
probl ens andchaupresaplet dnt 8Efipiesent undgenthenconveheibasis of the
finding that the wuse of a cryopreservation nmedi umcontaining a
cryopreservation conditions mainly used for mouse ES
cells. Therefore, when frozen according to conventional
protocols, they take at least 2 to 4 weeks to proliferate
10 in culture enough to be subcultured.
Besides the above-mentioned cryopreservation
protocols for mouse ES cells, among reports on stem cell
cryopreservation, a cryopreservation composition for
nucleated cells including hematopoietic stem cells (JP-A-
15 2000-201672) has already been reported. However, a
method applicable to primate ES cells has not been
reported yet.
The object of the present invention is to provide a
cryopreservation medium and a cryopreservation method
20 which make it possible to cryopreserve ES cells from

primates including humans, if not known yet, simply with

high viability.

DISCLOSURE OF THE INVENTION

The present inventors have carried out studies to
25 solve the above-mentioned problems and have completed the
present invention on the basis of the finding that the

use of a cryopreservation medium containing a



27 JULY 2006 4 cryoprotectant at a higher concentration than ever,
specifically at a concentration of from12% (WV) to 50% (WYV), z'alljuq)_gs‘,oos
cryopreservation of prinmate ES cells with easy control at |ow cost.

Nanely, the present invention provides the following invention. 1. A
cryopreservation nmediumfor primate enbryonic stem cells containing a
cryoprotectant at a concentration of from12% (WV) to 50% (WV). 10 2. The
cryopreservation nedi um according to 1, erein the concentration of the

cryopr ot ect agty dsr § tf et b0 4 W d/) hi dloe 8036k MM xra Bi od hgh & yopeeser vati on
medi um according to | or 2, which contains at |east one conponent selected
fromthe grospecibi cONby it g ebnckmetdylonubf oxtsie, 1286 Yy ORIV, t&t Hiys ene
gl ycol, propylene glycol and polyvinyl pyrrolidone as the cryoprotectant.
4. The cryop(eser vadlswdrech poppesoreh ot CoBnyr et &fEd céD1 S, wintterei n the
cryoprotectant is dinmethyl sulfoxide 20 and/or glycerin. 5. The
Cryopreservataoyn dmettel st olaly ngod®. 4, wherein the cryoprotectant is
di ret hyl sul foxide, and its concentration is from15% (WV) to 30% (WYV).
6. The cmryopreseXamatipn tkedi pneaenor ilhngnt bod, prbeidea tRE fbklowing
cryoprotectant is glycerin, and its concentrationis from12% (WV) to 30%
(WV). 7. Thineewywojposmservati on nedi um according to any one of 1
1. A cryopreservation medium for primate embryonic stem
cells containing a cryoprotectant at a concentration of
from 12% (W/V) to 50% (W/V).
10 2. The cryopreservation medium according to 1, wherein
the concentration of the cryoprotectant is from 15% (W/V)
to 30% (W/V).
3. The cryopreservation medium according to 1 or 2, which
contains at least one component selected from the group
15 consisting of dimethyl sulfoxide, glycerin, ethylene
glycol, propylene glycol and polyvinyl pyrrolidone as the
cryoprotectant.
4. The cryopreservation medium according to any one of 1
to 3, wherein the cryoprotectant is dimethyl sulfoxide
20 and/or glycerin.
5. The cryopreservation medium according to 4, wherein
the cryoprotectant is dimethyl sulfoxide, and its
concentration is from 15% (W/V) to 30% (W/V).
6. The cryopreservation medium according to 4, wherein
25 the cryoprotectant is glycerin, and its concentration is

from 12% (W/V) to 30% (W/V).

7. The cryopreservation medium according to any one of 1



27 JULY 2006 5 to 6, which contains, in addition to the cryoprotectant,
serum and/ or a serumreplacenent at a concentration of from 10% 5%0{?5&6
85% (WYV). 8. The cryopreservation nmedi um according to any one of 1 to 6,
whi ch contains, in addition to the cryoprotectant, serumat a concentration
of from10% (WV) to 50% (WV). 9. The cryopreservation nedi um according to
7 or 8, wherein the serumis fatal bovinegserum 10. The cryopreservation
medi um according to 7, wherein 10 the serumreplacenment contains at |east

one conponento 6¢lwikied éonvaihe, ginupddbbbont toagtleé alpopiotectant, al bum n
substitutes, transferrin or transferrin substitutes, and insulin or insulin

substi t ut es. sddum Téed Loy Opr €8 etiv at éPhac@bdentn accar doNngeh Ordt 06n1Of 15
wherein the serumrepl acenent contains at |east one conponent selected from
the group cofisostitg ¢OF/@) bus 5% otwalpbum n substitutes, transferrin or
transferrin substitutes, and insulin or insulin substitutes and at | east
one conponens. sehectegoproesethet jowupeddmsi s¢cogdibhg 20o aanpooasi ds§, 1
vitam ns, antioxidants, collagen precursors and trace elenments. 12. The
cryopr eser vato of, meldi clm ectoainsg im addioiben ofo 7thé octtopmbtebtannt ai ns, in
addition to the cryoprotectant and serum and/a serumrepl acenent, a basal
medi um for 25caumnat &icsueextutatuien coht firomny0at (WAt tdrod%s 0(BW{WYV) to
5% (WYV) of glucose, at a concentration of from10% (WYV) to 75% (WYV).
9. The cryopreservation medium according to 7 or 8,
wherein the serum is fatal bovine serum.
10. The cryopreservation medium according to 7, wherein
10 the serum replacement contains at least one component
selected from the group consisting of albumin or an
albumin substitutes, transferrin or transferrin
substitutes, and insulin or insulin substitutes.
11. The cryopreservation medium according to 7 or 10,
15 wherein the serum replacement contains at least one
component selected from the group consisting of albumin
or albumin substitutes, transferrin or transferrin
substitutes, and insulin or insulin substitutes and at
least one component selected from the group consisting of
20 amino acids, vitamins, antioxidants, collagen precursors
and trace elements.
12. The cryopreservation medium according to any one of 7
to 11, which contains, in addition to the cryoprotectant
and serum and/a serum replacement, a basal medium for
25 animal tissue culture containing at least from 0.3% (W/V)

to 5% (W/V) of glucose, at a concentration of from 10%

(W/V) to 75% (W/V).



27 JULY 2006 6 13. A cryopreservation nethod for prinmate enbryonic stem
cells using the cryopreservation nmediumas defined in any one 05 %ULQ #%
whi ch conprises a step of suspending prinate enbryonic stem cel 129k 3 e
cryopreservation 5 nedium and a refrigeration step of freezing the
suspensi on of the primate enbryonic stemcells in the cryopreservation
medi um by cooling it to -80' C or bel ow, nd a preservation step of storing
the frozen suspension of primte enbryonic stemcells in the

cryopreservagi orp kS, dph duBvaldi ord NEe YO PF S5 65 ¥ ahd 08 SmbARch ACCcOrghng to
13, wherein the cooling rate in the refrigeration step of freezing the

suspensi on Qfe e 1 AR EL L TIF YOI Ec SERAR TR | ed furh s SLYDRLESHE Vatyy on
medi um by cooling it to -800C or below 15 is from0.50C to 10' C per m nute.

BRI EF DESCRI&E Q¥ GF tdiE DRAWNGS &ifpr dsshaysstdys & nsusoasenpf the

al kaline phosphatase activity of post-thaw cynonol gus nonkey ES cells in
culture in Bxaifdee lem¥e gt escdn (M4 Ms 20 the. cAydSrésdheidsmph of ES

cell colonies after a post-thaw passage in Exanple 1 (magnification 40).

Fig. 3 is amhotge apid of £ cadér£ol omi esemfderfie®pbig tiew passage in
Example 1 (rmagnification 100). Fig. 4 is a photograph of ES cell col onies

after a 25 posterddtioon paSsage St ahdesd amibhyan @l Kedh nee phosphatiase
substrate in Exanple 1. Fig. 5 shows the tine course of the alkaline

cryopreservation medium by cooling it to -80°C or below,
and a preservation step of storing the frozen suspension

of primate embryonic stem cells in the cryopreservation

10 medium.

14. The cryopreservation method according to 13, wherein

the cooling rate in the refrigeration step of freezing

the suspension of the primate embryonic stem cells in the

cryopreservation medium by cooling it to -80°C or below
15 is from 0.5°C to 10°C per minute.

'BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the time course of the alkaline
phosphatase activity of post-thaw cynomolgus monkey ES
cells in culture in Example 1. % denotes % (V/V).

20 Fig. 2 i1s a photograph of ES cell colonies after a
post-thaw passage in Example 1 (magnification 40).

Fig. 3 is a photograph of ES cell colonies after a
post-thaw passage in Example 1 (magnification 100).

Fig. 4 is a photograph of ES cell colonies after a

25 post-thaw passage stained with an alkaline phosphatase
substrate in Example 1.

Fig. 5 shows the time course of the alkaline



27 JULY 2006 7 phosphatase activity of post-thaw cynonol gus nonkey ES

cells in culture in Exanple 1. %denotes % (V/V) . Fig. 6 is a phat ﬁ(%ﬁb(’f
ES cell colonies 5 days after thawing in Exanple 2 (nagnification4%%.

Fig 7 is a photograph of ES cell colonies 5 days after thawing in Exanple 2
(magni fication 100). Fig 8 is a photograph of ES cell colonies 7 days after
thawing in Exanple 2 (magnification 40). kig 9 is a photograph of ES cel
colonies 7 days 10 after thawing in Exanple 2 (magnification 100). Fig 10

is a phot ogr@bsphia ESs&ehtt 00l ORI 68 FodByshamf éphohbBahddmshrepedsW th an
al kal i ne phosphatase substrate in Exanple 2. Fig. 11 is a photograph of

feeder cellscénlgulhucelddrst ah nedambld an &l kidriciegphpsphatyase substrate in
Exanple 2. Fig. 12 is a photograph of ES cell colonies 5 days after

thawi ng in the cphparat i¥eaepphetogeaphi 8fERanpeel2colongasf 5caniyen 40). 20
Fig. 13 is a photograph of ES cell colonies 5 days after thawing in the
conparati ve gikperi teaving Exabpheple £ magadghithtaobod0D)) . Fig. 14 is a
phot ograph of ES cell colonies 7 days after thawing in the conparative
experinerst in Expipl 8 2s a5phoaggréphabfors40ellFeglonbesssadahet ogr aph of
ES cell colonies 7 days after thawng in the conparative experinment in
Exanple 2 after thawing in Example 2 (magnification 100).
Fig 8 is a photograph of ES cell colonies 7 days
after thawing in Example 2 (magnification 40).
Fig 9 is a photograph of ES cell colonies 7 days
10 after thawing in Example 2 (magnification 100).
Fig 10 is a photograph of ES cell colonies 7 days
after thawing stained with an alkaline phosphatase
substrate in Example 2.
Fig. 11 is a photograph of feeder cells in culture
15 stained with an alkaline phosphatase substrate in Example
2.
Fig. 12 is a photograph of ES cell colonies 5 days
after thawing in the comparative experiment in Example 2
(magnification 40).
20 Fig. 13 is a photograph of ES cell colonies 5 days
after thawing in the comparative experiment in Example 2
(magnification 100).
Fig. 14 is a photograph of ES cell colonies 7 days
after thawing in the comparative experiment in Example 2
25 (magnification 40).

Fig. 15 is a photograph of ES cell colonies 7 days

after thawing in the comparative experiment in Example 2



27 JULY 2006 (magnification 100). Fig. 16 is a photograph of ES cell
colonies 7 days after thawing stained wth an al kaline phosphata,f,e‘jULY2006
substrate in the conparative experinment in Exanple 2. 5 Fig. 17 i’s
HE- st ai ned section of a teratoma formed in Exanple 3. Fig. 18 is a graph
showing the tinme course of ALP activity at various DMSO concentrations in
Example 4. Fig. 19 is a graph showng thg correlation between 10 DMSO
concentration and cell count 7 days after thawing in Exanple 4. % denotes %
(MV). Fig. 2f0lapaidigaaphnshoeing the tine course of the ALP activity of
post -t haw cynonol gus nonkey ES cells in culture after cryopreservation in
t he presence of Figgl iéeliisna phetagmaph Wfd&@soted 19%cpVoMies Fi gaydl is a
graph showing the cell count in the 8day culture of the recovered ES cells
after cryopaéservahaenngnsthénpdewénbeanf agkyuténenphnspkabmpke 5. % denotes
% (V/IV) . 20 Fig. 22 is a graph show ng the nunber of colonies in the 8 day
cul ture of thbebstretveréd EBecebimpaabteve expepimsetvahi BRamplehe.presence of
glycerin in Exanple 5. %denotes % (V/V). Fig. 23 is a graph show ng the
time course of AFRg.237adsi @ tHiE-stajosd- skawib8 odél bs tiematohpurferakter
cryopreservation at different storage cell densities in Exanple 6. %
denot es % ( VAY) Exapplg@UBY 2006
Fig. 18 is a graph showing the time course of ALP
activity at various DMSO concentrations in Example 4.
Fig. 19 is a graph showing the correlation between
10 DMSO concentration and cell count 7 days after thawing in
Example 4. % denotes % (V/V).
Fig. 20 is a graph showing the time course of the
ALP activity of post-thaw cynomolgus monkey ES cells in
culture after cryopreservation in the presence of
15 glycerin in Example. % denotes % (V/V).
Fig. 21 is a graph showing the cell count in the
8day culture of the recovered ES cells after
cryopreservation in the presence of glycerin in Example
5. % denotes % (V/V).
20 Fig. 22 is a graph showing the number of colonies in
the 8 day culture of the recovered ES cells after
cryopreservation in the presence of glycerin in Example
5. % denotes % (V/V).
Fig. 23 is a graph showing the time course of ALP
25 activity of post-thaw ES cells in culture after

cryopreservation at different storage cell densities in

Example 6. % denotes % (V/V).



9 Fig. 24 is a graph showng the cell count in the 8 day culture after
cryopreservation at different cell densities in Exanple 6. % dengt 5 v%o06
(MV) . Fig. 25 is a graph showing the time course of ALP 5 activity of
post-thaw ES cells in culture after cryopreservation in cryopreservation
medi a supplenented wth serumor a serumreplacenent in Exanple 7. %
denotes % (V/V). Fig. 26 is a graph showigig the cell count in the 7 10 day
culture after cryopreservation in cryopreservation nmedia supplenmented with
serum or a serunrFigpl a¢eb®nd Hhaphkxanpwend. tledesdlesotmt ViY)thEig. 27 is a
graph showing the time course of ALP activity of recovered ES cells in

cul ture aftalayScelyops esEtant ¢ ByopHeddevpt bsenge &f f2Pewf & BErum
repl acenent in Exanple 8. % denotes % (V/V) . Fig. 28 is a graph show ng the

cell count ideddieties dhy Exdiple aft ey danwaesermwati)on in the presence of
20% of a serumreplacenent in Exanple 8. % denotes % (V/V). 20 BEST MODE
FOR CARRYI NG QUTFI4IE 25VERTAGhrdbkr shywpngsen¥atime sedisen oseAupb for
cryopreservation of prinmate enbryonic stemcells of the present invention
pr ef er ablsy caant avitsy abf | past - oinew NnBobeellseliectebthrenafiteet hyl sul f oxi de
(hereinafter referred to 25 sinply as DMSO), glycerin, ethylene glycol,
propyl ene gtyyapreserpotiyonnih pyyootéserne atom neddprotpriementedhese may
be contained singly or in conbination. The 27 JULY 2006
with serum or a serum replacement in Example 7. %
denotes % (V/V).
Fig. 26 is a graph showing the cell count in the 7
10 day culture after cryopreservation in cryopreservation
media supplemented with serum or a serum replacement in
Example 7. % denotes % (V/V).
Fig. 27 is a graph showing the time course of ALP
activity of recovered ES cells in culture after
15 cryopreservation in the presence of 20% of a serum
replacement in Example 8. % denotes % (V/V).
Fig. 28 is a graph showing the cell count in the 7

day culture after cryopreservation in the presence of 20%

of a serum replacement in Example 8. % denotes % (V/V).

20 BEST MODE FOR CARRYING OUT THE INVENTION

The cryopreservation medium useful for
cryopreservation of primate embryonic stem cells of the
present invention preferably contains at least one member
selected from dimethyl sulfoxide (hereinafter referred to

25 siﬁply as DMSO), glycerin, ethylene glycol, propylene
glycol and polyvinyl pyrrolidone as a cryoprotectant.

These may be contained singly or in combination. The



10 particularly suitable cryoprotectant is DVSO because of its perneability
to ES cells, and the second suitable cryoprotectant is glycerin, BUEYZOOS
concentration of the cryoprotectant which 5 ensures the effects 017 the
present inventionis from12% (WV) to 50% (WYV), suitably from15% (WYV)
to 30% (WYV). The values are selected by the bal ance between
cryoprotection effects and toxicity, andlbhei r approximtions are al so
covered by the present invention 10 as far as they neet the object of the

present i nVenir byl a8, AT @b RSt &Aanares eko aledNsd Q¥ @
concentration, while because of the reports that enbryonic stemcells and

enbryoni ¢ cartd RSty tSHS W Regidhd arll ffrg iaiadmm & days at a
DMSO 15 concentrati on of above 1% (WV) (N cholas et al., Devel opnent

(1994) 120: JdAbpbAtthtaslievan. giRawalgpnent  (1994) 120: 3301-3312) and the
possibility of carryover contam nation of cell cultures, it is not

preferred to USEhd hCord MOPF Ot B6ih b Bl A PHSESSE VAL Nighc R0 .
concentration. When the cryoprotectant is DVSO the concentration in the

Cryopreser varifiirdedinind Sfesdtid adf wHde airdhdt Wnient o806 (AR . 129
particularly suitably from15% (WV) to 25% (WYV) (Fig. 18 and Fig. 19)

Wien the cryoprot e &80% | @/25 BuicebIy fdwn ABwem nat ivn 30% the/v) .
cryopreservation nmediumis particularly suitably from12% (WV) to 30%
(WV) (Figs.TH i .aty sHleectM)@by the balance between
cryoprotection effects and toxicity, and their
approximations are also covered by the present invention
10 as far as they meet the object of the present invention.
The cryoprotection effects are weak at too low a
concentration, while because of the reports that
embryonic stem cells and embryonic carcinoma cells in
culture begin to differentiate in 4 days at a DMSO
15 concentration of above 1% (W/V) (Nicholas et al.,
Development (1994) 120: 1473-1482, Steven, Development
(1994) 120: 3301-3312) and the possibility of carryover
contamination of cell cultures, it is not preferred to
use the cryoprotectant at an excessively high
20 concentration.
When the cryoprotectant is DMSO, the concentration
in the cryopreservation medium is suitably from 15% (W/V)
to 30% (W/V), particularly suitably from 15% (W/V) to 25%
(W/V) (Fig. 18 and Fig. 19). When the cryoprotectant ié
25 glycerin, the concentration in the cryopreservation

medium is particularly suitably from 12% (W/V) to 30%

(W/V) (Figs. 20 to 22).



11 A previous report on a cryopreservation conposition for nucleated cells

(JP- A-2000- 201672) discloses a cryopreservation conpositi

on cont%i‘m'l_g%éé om

3% (WV) to 20% (WV) of DMSO in conbination with dextran and album

However, it nerely refers to the conventionally used nmaxi
concentrations ("Soshiki Baiyo no G jutsu” edited by the

mum and m ni num
Japanese Ti ssue

Culture Association (1982) p.42-44, "Shin-Sei kagaku Ji kken Koza vol. 18
"Sai bo no Baiyo G jutsu" edited by the Japanese 10 Bi ochem cal Society

(1990) p.14-15) angdrdoesuBotepdgfesh atBayo%bésékegheoﬁseoﬁb05®§gbhs

especially effective in cryopreservation of nucl eated cel

Is. It is

difficult tofoexpesicd¥ednabdly (hatavpbhon20hés2roacentsatson range, the
present invention has specific effects on primte 15 enbryonic stemcells.
I n addi tion, cBM6é&Se£0a8i 66T €6mbpOs heibar et adhingoneemnt 3at (W) 0f010% or
above ("Bunshi-Sai bo- Sei but sugaku Jiten" edited by Miuramatsu Masam et al.
(1997) p.39120%0(WAv) efdpesPeinneshsitstdenchickedekdngn28naeklibudid. not

give high viabilities at DMSO or glycerin concentrations

as high as from 15

to 20% ( Boughewéyer R 1M meNalyr eefi@Bs 560 (H862Inyent ToraEipreseguccessf ul

cryopreservation of primate enbryonic stemcells at high

cryopr ot ect ant

concentr at i ofax&sumnahdempnement conventranio2s (ssashokal Byipewnsdi ndi ng. The
cryopreservation nmedium of the present invention suitably contains serum

and/ or a ser@injueplhacedeneédabyatBgd Jabhdnd@O66Tissue Culture

Association (1982) p.42-44, “Shin-Seikagaku Jikken Koza

vol. 18 “Saibo no Baiyo Gijutsu” edited by the

Japanese

10 Biochemical Society (1990) p.14-15) and does not suggest

that the single use of DMSO is especially effective in

cryopreservation of nucleated cells. It is difficult to

expect by analogy that within this concentration range,

the present invention has specific effects on primate

15 embryonic stem cells.

In addition, DMSO is considered to be harmful at

concentrations of 10% or above (“Bunshi-Saibo-

Seibutsugaku Jiten” edited by Muramatsu Masami

et al.

(1997) p.391) so far, and experiments using chicken lung

20 cells did not give high viabilities at DMSO or

glycerin

concentrations as high as from 15 to 20% (Dougherty, R, M.

Nature 193:550(1962)). Therefore, successful

cryopreservation of primate embryonic stem cells at high

cryoprotectant concentrations as in the present invention

25 1s a totally new finding.

The cryopreservation medium of the present invention

suitably contains serum and/or a serum replacement at a



12 concentration of from10% (WV) to 85% (WYV) As the serum FBS is
suitably used. The serumreplacenment suitably contains at |eastyPRAy 2006
conponent selected from the group consisting of albumn or albumn
substitutes, 5 transferrin or transferrin substitutes, and insulin or
insulin substitutes. Particularly suitably, a serum replacenent is used to
mai ntai n enbryonic stemcells in an undybferentiated stage. It seens that
serum and/or a serumreplacenent is essential at |east at the 10

cryopr eser vatdraren e iush ngf tfeonc riyd®pr (A0t ard 85 er (WiWOr.  assehem

repl acenent may constitute the rest of the cryopreservation nmediumof the
present i nverdrwmn. FEHWweY eyl ttdiel yc gt esfheasieanmmeablaceseptef erred to
contain serumand/or a serumreplacenent at a |l ow 15 concentration (Figs. 25
and 26) . Addinsdblgonoertaiatd et lofasdt dresnstorf@neny \jelsedansl Megessary to
ensure cell stabilization. The particularly suitable concentration of
serum and/ orthe geraup repisicenierd a5 Slomil0%y \WNjuntion BMsH(iWM)es 20 A serum
repl acenent containing at |east albumn or albumn substitutes is suitable.
I n parti6ul drars Semmim orpimreneertr oot ngitas | east immoalconponent s,
albumin or albumn substitutes and transferrin or transferrin substitutes,
is particul dmsulsin tsadbst i titeesopt Parmisalamlds suepbbdenent seonmai ns at | east
t hree conponents, albumn or albumn substitutes, transferrin or
transferrin repiganantesis amed rsungigraimsanbrygulsstdtan exllzy JULY 2006

an undifferentiated stage. It seems that serum and/or a
serum replacement 1s essential at least at the

10 cryopreservation. Excluding the cryoprotectant, serum or
a serum replacement may constitute the rest of the
cryopreservation medium of the present invention.
However, the cryopreservation medium is preferred to
contain serum and/or a serum replacement at a low

15 concentration (Figs. 25 and 26). A final concentration
of at least 10% (W/V) seems necessary to ensure cell
stabilization. The particularly suitable concentration
of serum and/or a serum replacement is from 10% (W/V) to
50% (W/V).

20 A serum replacement containing at least albumin or
albumin substitutes is suitable. In particular, a serum
replacement containing at least two components, albumin-
or albumin substitutes and transferrin or transferrin
substitutes, is particularly suitable. The optimum serum

25 replacement contains at least three components, albumin
or albumin substitutes, transferrin or transferrin

substitutes, and insulin or insulin substitutes.



13 It is preferred that the serumreplacenent further contains at |east one
conponent selected fromthe group consisting of amno acids, vi tzgrriug§,2006
antioxidants, collagen precursors and trace el enents. Serum rmay &
suppl emented with these conponents, if necessary. In the present invention,
the albumn is suitably bovine serumal bumn (BSA), fetal bovine al bumn
(fetuin), human serum al bum n (HAS), a neconbi nant human al bum n (rHSA)
oval bumin or the like. The al bum n substitutes 10 are suitably bovi ne
pituitary extractt bhevprefembegothext thet seetinckeplextmnant, fueghtabl e
albumin or the like. The transferrin is suitably iron-bound transferrin or
iron-free traosteinsnatl| bedbe bnatteompasent coekéstedceroh thongtems is
suitable. The transferrin 1is substitutes are suitably a soluble iron
conpound or asonsigvingoof &einexaspde, vivamihe| asetionpaames, such as the
ferric citrate chelate or the ferrous sulfate chelate is preferred. As the
insulin, an ¢osLagan bopaduteons aerdatraos sleterss! hesexudc ragn ey netal -free
insulinis 20 suitable. In the latter case, coexistence of a metal ion is
sui t abl e.s Asstibpléemsnted sibist thesescompandnthd g tEtmdcessapound or a net al
ion is suitable. As the netal, zinc is suitable. zinc chloride, zinc
brom de or zinc 3ul thdeprhephahydvaeheiony specalbualihyibesmehébbdped. 25 In
the present invention, as the am no acids, glycine, L-alanine,
L- aspar agi nebovingsseiue, albumspafBghhi cfacat, bovihat ahbuntnac¢fdtuin) ,
L- phenyl al anine, L 27 JULY 2006

human serum albumin (HAS), a recombinant human albumin

(rHSA), ovalbumin or the like. The albumin substitutes

10 are suitably bovine pituitary extract, bovine embryo
extract, chicken extract, vegetable albumin or the like.

The transferrin is suitably iron-bound transferfin

or iron-free transferrin. In the latter case,
coexistence of iron ions is suitable. The transferrin

15 substitutes are suitably a soluble iron compound or an
iron ion. For example, iron chelate compounds such as
the ferric citrate chelate or the ferrous sulfate chelate
is preferred. As the insulin, an insulin bound to a
metal ion such as the zinc ion or metal-free insulin is

20 suitable. In the latter case, coexistence of a metal ion
is suitable. As the insulin substitutes, a soluble metal
compound or a metal ion is suitable. As the metal, zinc
is suitable. Zinc chloride, zinc bromide or zinc sulfide
heptahydrate may specifically be mentioned.

25 In the present invention, as the amino acids,
glycine, L-alanine, L-asparagine, L-cysteine, L-

asparaginic acid, L-glutaminic acid, L-phenylalanine, L-



14 histidine, L-isoleusine, L-lysine, L-leucine, L-glutamne, L-arginine,
L-met hi onine, L-proline, L-hydroxyproline and L-valine may be neptjgpRefosAS
the vitamins, vitamns in the vitamn B group such as bictin, pantothenic
acid, 5 choline, folacin (folic acid), nyoinositol, niacin, pyridoxine,
ri boflavin, thiam ne and cobalamn are suitable. As the antioxidants,
gl utat hione and ascorbic acid nmay be nenijoned. As the collagen precursors,
a poly(L-proline) or its derivatives, or a poly(L 10 hydroxyproline) or its
derivatives hagthdiment LenedleAsinkhertngeenel emelkescing,addigliueantioe,
previously nentioned iron and zinc, Ag', A 131, Ba 2+, Cd 2+ C02+ C'+,
Ged4+' M 2% LMargintihet L-Rethibeids, S-$+pldnd+, LVhydrdkydtoliBe, ahd, |-
and the like nay be nentioned. 15 The above-nenti oned conponents such as
am no aci ds, L-valanensayabki akndabhed.cohs agles i exmise) svitd@ninacen
el ements nmay be used in conbinations, of two or nore of the sane type or
di fferent typee vikheminyBpyesepvauchnasetiomiaf, phetprasatt epienti on 20
may further contain a basal nmediumfor animal tissue culture at a
concentrat i onhofl iheomfdQeciW VEollac78%d AW, VinyoiAsstihelbasabcdrdi um a basa
medi um for animal tissue culture containing at least fromO0.3% (WV) to 5%
(WV) of glupysedoxiseitabhbpflswdnat thiemiventndt cobadbmfinoare25 10% (W V)
to 75% (WYV) because of recovery of thawed cells and suppression of
apopt osi s. Thaisebédetedrgl thesantitonidmts ef betathhend aznd tdstotrhbtigh
ani mal tissue 27 JULY 2006

acid may be mentioned. As the collagen precursors, a

poly(L-proline) or its derivatives, or a poly(L-

10 hydroxyproline) or its derivatives may be mentioned. As
the trace elements, in addition to previously mentioned
iron and zinc, Ag*, 213", Ba?*, cd*", co?", cr®*, ce*", mn?**,
Mo®*, Ni?*, Rb*, se**, si**, sn®', Vv**, zr**, Br", F, I~ and
the like may be mentioned.

15 The above-mentioned components such as amino acids,
vitamins, antioxidants, collagen precursors and trace
elements may be used in combinations, of two or more of
the same type or different types.

The cryopreservation medium of the present invention

20 may further contain a basal medium for animal tissue
culture at a concentration of from 10% (W/V) to 75% (W/V).
As the basal medium, a basal medium for animal tissue
culture containing at least from 0.3% (W/V) to 5% (W/V)
of glucose is suitably used at a concentration of from

25 10% (W/V) to 75% (W/V) because of recovery of thawed
cells and suppression of apoptosis. The selected glucose

content reflects the fact that though animal tissue



15 culture nedia are usually used at a m ni num gl ucose concentration of
about 0.1% nedia with slightly higher glucose content are usually used for
enbryonic stemcells. In addition to the cryoprotectant and seru A 206
the 5 serumrepl acenent, a basal nmediumsuitable for culture of the cells
is incorporated in the cryopreservation nedium A basal nmediumis added so
that the concentration of the cryoprotectqnt and serum and/or the serum
repl acenent is the essential mninmm (about 25% (WV) in total), while 10
t he basal nedulbucenstiist aset hisualberufsfo §W ¥)minWhen gaddoséon of a basal
mediumto the cryopreservation nedium is essential, the m ni mum anount of
it necessarycbncenbrathont sfebbeat 05130%méMM YY) wivhesl pghabyyehegheyoni c stem
cells are cryopreserved 15 according to the present invention, the
above- nent i ogedcoseyopnoeact ape usunigg tieedr yopr espryenhar vesimedeplsmat e
enbryonic stemcells, nanely, by a nethod conprising a step of suspending
pri mate enbr ynnaddstéoncedl shencayoprypopeeset vahdoneredi andg¢ont ghai ng t he
cryoprotectant at 20 a concentration of from12% (WV) to 50% (WV), a
refrigereti osestmpreplécemenhg &hbasaspeadiom stithklepfomatelenbeyofiic stem
cells in the cryopreservation nediumby cooling it to -800C or below, and a
preservati ontbBeepedlssisringorherétedennstbpensyopreser2st ponnmeédienbr yoni ¢
stemcells in the cryopreservation nmedium In the refrigeration step, the
cool i ng rat eAi basptehedabinyifraddodsse thatOtlepepntentnatépnbetatse rapi d
27 JULY 2006

cryoprotectant and serum and/or the serum replacement is

the essential minimum (about 25% (W/V) in total), while
10 the basal medium constitutes the other 75% (W/V). When
addition of a basal medium to the cryopreservation medium
is essential, the minimum amount of it necessary to
obtain its effect is 10% (W/V).
When primate embryonic stem cells are cryopreserved
15 according to the present invention, the above-mentioned
cryoprotectant is used to cryopreserve harvested primate
embryonic stem cells, namely, by a method comprising a
step of suspending primate embryonic stem cells in a
cryopreservation medium containing the cryoprotectant at
20 a concentration of from 12% (W/V) to 50% (W/V), a
refrigeration step of freezing the suspension of the
primate embryonic stem cells in the cryopreservation
medium by cooling it to -80°C or below, and a
preservation step of storing the frozen suspension of
25 primate embryonic stem cells in the cryopreservation

medium. In the refrigeration step, the cooling rate is

preferably from 0.5°C to 10°C per 1 minute, because rapid



16 cooling leads to difference in ice formation between the intracellular
water and the extracellular water which is destructive of the cejd {j 82006
m crostructure. The preservation step can be perforned at -80'C or below 5
preferably in liquid nitrogen and/or liquid nitrogen vapor for nore stable
storage. The details of the nmechani smunderlying the present invention are
not clear. Though prinmate enbryonic stemigells are supposed to be nore
susceptible to cryodanage 10 than nouse enbryonic stemcells, it is
specul at ed t habplinhbe lesédsotoaddffeprotectianticat fhrgheioaobeewerat ittres t han
usual suppresses cryodamage and remarkably inproves cell wviability. The
present invedhitoacplduildeswateryeapdesaeyvakicoacedduldarawdtarcwhdpheder vati on
met hod 15 which allow sinple cryopreservation of primate enbryonic stem
cells w th hdgktrualiiviet pf EXaVEEESulNowmtikeoptesenurenvefihéon will be
described by referring to Exanples and Conparative Exanples. However, 20
t he Exanpl esparsciwne ienbedepenta bk peefpresdntit H8VEDt opnbahdwh hel p
reproduction of the present invention and by no neans linmits or restricts
the preseht pirpfemeidy. iTheé igped hiitrgoeni anddoof liuiBVBOLtrgbgrerin, the
serum repl acenent and the culture nediumused were 25 1.1, 1.26, 1.0 and
1.0, respect vapby. foEXMVPEESLabyrostbgagenonkey ES cells were subcul tured
for 33 27 JULY 2006
The details of the mechanism underlying the present
invention are not clear. Though primate embryonic stem
cells are supposed to be more susceptible to cryodamage
10 than mouse embryonic stem cells, it is speculated that
the use of a cryoprotectant at higher concentrations than
usual suppresses cryodamage and remarkably improves cell
viability. The present invention provides a
cryopreservation medium and a cryopreservation method
15 which allow simple cryopreservation of primate embryonic
stem cells with high viability.
EXAMPLES
Now the present invention will be described by
referring to Examples and Comparative Examples. However,
20 the Examples are mere embodiments of the present
invention which help reproduction of the present
invention and by no means limits or restricts the present
invention. The specific gravities of the DMSO, glycerin,
the serum replacement and the culture medium used were
25 1.1, 1.26, 1.0 and.l.O, respectively.
EXAMPLE 1

Cynomolgus monkey ES cells were subcultured for 33



17 passages and dissociated into cell suspension fromthree 90-nm Petri

di shes, and the cell suspension was centrifuged at 1,000 rpmfor #JLLDY%B@S'
The supernatant was renoved to obtain a cell precipitate. The ce%l
precipitate was resuspended in 1 m of a cryopreservation medium containing
20% (VIV) [= 22% (W V)| of DMSO, 40% (V/V) of a serumrepl acenent
containing al bumn, insulin and transferyin (Knockout Serum Repl acenent:
Invitrogen) [hereinafter referred to as serumreplacenent (A)] and 10 40%
(VIV) of DvVEphblasyEi2amdldissedidmefineénebnatliar suspbasied feoasthedeum (A)]
suppl emented with 3 g/1 of glucose, 0.5 g/l of CaCl2 0.15 9/1 O MS04. The
cell suspenSptemmwaettriaditbesedahd ahesetrairlt shepensfiohgeaated to -800C at
a rate of about 10C/mn in M. Frosty 15 (Nalgen) and then stored in a

| i quid nitrogentedftigedeat fof0&boph Godafsmihntasconfias adupermexipatt nent, a
cell suspension in 1 m of a cryopreservation nmediumconsisting of 0% (V/V)
of DMBO, 50%agVishovedsepunbiephaeemenl pApcapdt86es (VIVG ©o£120 nedi um (A)
was prepared, transferred to a serumtube, refrigerated to -800C at a rate
of about d0CHmenipnthke wksosepubbahded) imndl mhenfstoregopneaekivguidn
nitrogen container for about 6 days. The cells were thawed, plated in 60-mm
Petri di shesme@5uinncdophinang aA# ¢UVvur éd RA%t HW/Wedi om DMSOri BE& in
Suenori et al. (2001 Dev. Dyn. Qct; 222(2):273-9). ES cell proliferation was
i nvesti gat ed (ByV) obEodi agrem FepYagepent containing albumin, insulin

and transferrin (Knockout Serum Replacement: Invitrogen)
[hereinafter referred to as serum replacement (A)] and
10 40% (V/V) of DMEM:Ham F12 = 1:1 medium [hereinafter
referred to as medium (A)] supplemented with 3 g/l of
glucose, 0.5 g/l of CaCl, 0.15 g/l of MgSOs. The cell
suspension was transferred to a serum tube, refrigerated
to -80°C at a rate of about 1°C/min in Mr. Frosty
15 (Nalgen) and then stored in a liquid nitrogen container
for about 6 days.
In a comparative experiment, a cell suspension in 1
ml of a cryopreservation medium consisting of 0% (V/V) of
DMSO, 50% (V/V) of serum replacement (A) and 50% (V/V) of
20 medium (A) was prepared, transferred to a serum tube,
refrigerated to -80°C at a rate of about 1°C/min.in Mr.
Frosty (Nalgen) and then stored in a liquid nitrogen
container for about 6 days.
The cells were thawed, plated in 60-mm Petri dishes
25 in duplicate and cultured in the medium described in
Suemori et al. (2001 Dev. Dyn. Oct; 222(2):273-9).

ES cell proliferation was investigated by following



18 the tine course of the activity of al kaline phosphatase, which is a

mar ker of ES cells. After 3, 5 and 7 days, the nmedium was rennvquM'Q_b%édﬁe
di shes by aspiration, and the cells were washed with 1 m of 30 rr pes
buffer 5 containing 0.1 nmg/l of CaCl2 and 0.1 ng/I O MyS04(7H20) and
treated with 1 m of 0.2 nmM 4-nethylunbelliferyl phosphate solution in the
same buffer in an incubator at 370C for 1 hour. 0.8 m portions of the
reaction mxture were transferred to a 24-well mnmicroplate and anal yzed by
10 fl uoronettheatimx366uFsd66f thaoaesteinte pEralkalimaspheaphatased and
plotted. As a control, the al kaline phosphatase activity of the sane feeder
cells as useghidhrisgasubckibt uoESESfc&Blsel [2sftwas Ivedswretl.7 Heyscells in the
illustrative experinment showed 15 significantly higher al kaline phosphatase
activity thavhethedfeedeasceéhsvédi firom)thaddishtds be ssbivhticed ahder 1
week. After three-fold dilution followed by 3 days of subculture,

successful pthéitetasi warefwkShedl wsthhat mbbsErvyedmMi Hapes Hoffati on of
differentiated colonies 20 (Figs. 2 and 3). After conpletion of the culture,
the cells icoebginPegr.dish/heot Caged and 0 Jamef/Ar nefl A B0l 7Hadd et hanol
and stained wth Vector Red al kaline phosphatase substrate (Vector Labs).
The nuner ousangutressédl vytkt himédofoloniw¥ 4Fhgthlunleabhsfenye that 25 the
ES cells cryopreserved according to the present invention remined normal.

I n contrast,phaspheteoapivnbipnelexpleei aane, buhtep7igUny PooGbator at

37°C for 1 hour. 0.8 ml portions of the reaction mixture
were transferred to a 24-well microplate and analyzed by

10 fluorometry at Ex355/Em460. Fluorescence per 1 ml was
calculated and plotted. As a control, the alkaline
phosphatase activity of the same feeder cells as used
during subcultures of ES cells was measured.

The cells in the illustrative experiment showed

15 significantly higher alkaline phosphatase activity than
the feeder cells (Fig. 1) and could be subcultured after
1 week. After three-fold dilution followed by 3 days of
subculture, successful proliferation of ES cells was
observed without formation of differentiated colonies

20 (Figs. 2 and 3). After completion of the culture, the
cells in each Petri dish were fixed with paraformaldehyde
and ethanol and stained with Vector Red alkaline
phosphatase substrate (Vector Labs). The numerous
successfully stained colonies (Fig. 4) demonstrate that

25 the ES cells cryopreserved according to the present
invention remained normal.

In contrast, in the comparative experiment, the



19 al kal i ne phosphat ase activity was nuch the same as that in the feeder
cells (Fig. 1), and no ES cell colonies were forned. EXAMPLE 2 5 qﬁponnl us
nonkey ES cells subcultured for 34 passages were harvested from&i Lyémﬂ%1
Petri dishes and treated by a nethod simlar to that enployed in Exanple 1
to give a cell precipitate. The cell precipitate was resuspended in 2 m of
a cryopreservation medi um 10 consisting ofg 20% (V/V) 22% (WV)I of DVBO, 40%
(VI'V) of serumreplacenent (A 40% (V/V) of nmedium (A) . The cell

suspensi on waskhilansf phbeghheakbwoasel it UREs, mubBf theekahedakothg800C at a
rate of about VO mn in M. Frosty (Nalgen) and stored in a liquid nitrogen

contai ner 15nf ehelfdader! Be@160NPRGAL LYE 8XRChLNEB ced1CBbloflE&RENSIi ON 1N 2
m of a cryopreservation medi um consisting of 10% (V/V) of DMSO, 45% (V/V)

of serum repilyaeenesimgd) and 45% (V/ V) of nmedium (A was prepared,
transferred to two serum 20 tubes, refrigerated to -800C at a rate of about
16C/mn in Nkambrespy (Nal gen) and then stored in a liquid nitrogen
container for | day. The cells in each serumtube were thawed, plated in
60- nm Petg i di shegnomodypki G@h&kegnescuklasedubaulllier2d weei gm described in

Suenori et al. (2001 Dev. Dyn. oct;222(2):273-9). After 2, 4, 6 and 7 days,
ES cel |l prol paesagesnweas RBAdrdbkYedOBbom six 90-mm Petri dishes and
treated by a method similar to that employed in Example 1
to give a cell precipitate. The cell precipitate was
resuspended in 2 ml of a cryopreservation medium
10 consisting of 20% (V/V) [= 22% (W/V)] of DMSO, 40% (V/V)
of serum replacement (A), 40% (V/V) of medium (A). The
cell suspension was transferred to two serum tubes,
refrigerated to -80°C at a rate of about 1°C/min in Mr.
Frosty (Nalgen) and stored in a liquid nitrogen container
15 for 1 day.
In a comparative experiment, a cell suspension in 2
ml of a cryopreservation medium consisting of 10% (V/V)
of DMSO, 45% (V/V) of serum replacement (A) and 45% (V/V)
of medium (A) was prepared, transferred to two serum
20 tubes, refrigerated to -80°C at a rate of about 1°C/min
in Mr. Frosty (Nalgen) and then stored in a liquid
nitrogen container for 1 day.
The cells in each serum tube were thawed, plated in
60-mm Petri dishes in duplicate and cultured in the
25 medium described in Suemori et al. (2001 Dev. Dyn.

Oct;222(2):273-9).

After 2, 4, 6 and 7 days, ES cell proliferation was



20 assessed by al kal i ne phosphatase activity as described in Exanple 1. The
cells in the illustrative experinent showed significantly highe& gbkghbag
phosphat ase activity than 5 the feeder cells (Fig. 5) and the cur ures
reached the stage at which they were able to be subcultured after 5 days
(Figs. 6 and 7). After 7 days of prolonged culture, successful
proliferation of ES cells was observed widhout formation of differentiated
colonies (Figs. 8 and 9). 10 After conpletion of the culture, the cells in

each Petri dishswenep{i xefaMihB parapaarBLdelydevang gkhapelkripad shai ned
wi th Vector Red al kal i he phosphatase substrate (Vector Labs) The nunerous

successful | yexstgiged colonies (Fig. 10) denonstrate that the ES cells 15
cryopreserved according to the present invention remained normal. Simlar

staining of the freedec1gel ks @ave iNQusstaitied eqberiigentFisBowdd) . In
contrast, though the ES cells in the conparative experiment slightly

exceeded thesigrdeicentlg hiighkkahire1iAB phesphatase aetivity gh&sr 7 days
(Fig. 5), they could not reach the stage at which they were able to be

subcul tured ghtefebddayse(F:gsFig.angd a8 théfteltdrdayseahelr ehenged
culture, proliferation was recognized to a certain degree, though far bel ow

that of the sehkfs &b whecRSthkl,ustrat asteexpebeneubc(iEtgsedldfasd 35). The
cells in each Petri dish were fixed wi th parafornal dehyde and ethanol and
stai ned wi t hd¥gst ¢FiBed al kati n¢.phosSpdmat aséa Yy Il dDfifged culture,
successful proliferation of ES cells was observed without
formation of differentiated colonies (Figs. 8 and 9).
10 After completion of the culture, the cells in each
Petri dish were fixed with paraformaldehyde and éthanol
and stained with Vector Red alkaline phosphatase
substrate (Vector Labs). The numerous successfully
stained colonies (Fig. 10) demonstrate that the ES cells
15 cryopreserved according to the present invention remained
normal. Similar staining of the feeder cells gave no
stained colonies (Fig. 11).
In contrast, though the ES cells in the comparative
experiment slightly exceeded the feeder cells in alkaline
20 phosphatase activity after 7 days (Fig. 5), they could
not reach the stage at which they were able to be
subcultured after 5 days (Figs 12 and 13). After 7 days
of prolonged culture, proliferation was recognized to a
certain degree, though far below that of the cells in the
25 illustrative experiment (Figs. 14 and 15). The cells in

each Petri dish were fixed with paraformaldehyde and

ethanol and stained with Vector Red alkaline phosphatase



21 substrate (Vector Labs), and a few successfully stained colonies were
observed (Fig. 16). EXAMPLE 3 Cynonol gus nonkey ES cells subcultgﬁgng95m§5
5 passages were harvested fromthree 90-mm Petri dishes and treate y a
method simlar to that enployed in Exanple | to give a cell precipitate.
The cell precipitate was resuspended in 1 m of a cryopreservation nedi um
consisting of 20% (V/V) [= 22% (W V)| of .BMSQ 40% (V/V) 10 of serum

repl acenent (A) , 40% (V/V) of nedium (A) The cell suspension was
transferred gabatsetemvebeor L&bs) geansied few-8Q0€=atfallat et@inadout

|"C/mnin M. Frosty (Nalgen) and stored in a liquid nitrogen contai ner
for 5 day. Thelerliés were dbawededndrigntiéuously is subcultured in
duplicate in 35-mm Petri dishes in the mediumdescribed in Suenori et al.
(2001 Dev. DgxraMPLEt3222(2):273-9). Differentiation potency was assessed
after 10 passages. The cells were dissociated fromthe Petri 20 dishes,
and 5x10 6 cel | sCyapmodgapendateinES. beitll sobuhcphoapkdt €obuBber and
intraperitoneally injected into SCID mce. The mce were fed for about 6
weeks, ard tpassagas were haolaseddf foomt herebd®denm DBésel vdi sbas ofdndt he
teratomas after Bouin fixation, paraffin sectioning 25 and
semat oxyl i n- ecsanedt bynangetkbvdateuiler neoi thaofemetoesd imisEkasphadl
cartilage and denonstrated retention of pluripotency (Fig. 17). 27 JULY
2006 to give a cell precipitate. The cell precipitate was
resuspended in 1 ml of a cryopreservation medium
consisting of 20% (V/V) [= 22% (W/V)] of DMSO, 40% (V/V)
10 of serum replacement (A), 40% (V/V) of medium (A). The
cell suspension was transferred to a serum tube,
refrigerated to -80°C at a rate of about 1°C/min in Mr.
Frosty (Nalgen) and stored in a liquid nitrogen container
for 5 day. The cells were thawed and continuously
15 subcultured in duplicate in 35-mm Petri dishes in the
medium described in Suemori et al. (2001 Dev. Dyn.
Oct;222(2):273-9).
Differentiation potency was assessed after 10
passages. The cells were dissociated from the Petri
20 dishes, and 5x10°% cells were suspended in 0.5 ml of a
phosphate buffer and intraperitoneally injected into SCID
.mice. The mice were fed for about 6 weeks, and

teratomas were isolated from the abdomen. Observation of

the teratomas after Bouin fixation, paraffin sectioning
25 and sematoxylin'eosin staining revealed formation of

nerves, muscles and cartilage and demonstrated retention

of pluripotency (Fig. 17).



22 EXAMPLE 4 Cynonol gus nonkey ES cells subcultured for 35 passages were
harvested fromforty-eight 60-mm Petri dishes each carrying 4x108 ,ggllbg ﬁand
treated by a nethod 5 simlar to that enployed in Exanple 1 to give a ce?
precipitate. The cell precipitate was resuspended in 2 m of
cryopreservation nedia each consisting of 12% (V/V) [=13.2 (WV)I, 15%
(MV) [=16.5% (WV)I, 20% (VIV) [= 22%EW V)] or 30% (VIV) [= 33% (WV)|
of DMBO and equal 10 concentrations of serumreplacenent (A and nedium (A)
at a cell OMMBRLMEOF 3.2x1O0 7 cells/2 m, transferred to serumtubes in
duplicate, refrigerated to -80'C at a rate of about 1'C/mn in M. Frosty
(Nal gen) and st o¢egomndlaus | homkely nE$ rogkhs conbai henwreédr f6rdays. 15 In a
conparative experinment, cell suspensions in 2 nl of cryopreservation nedia
each consi stpagpafed WeKe/Nrvg=ted by on \HJr tor- Siagh i \BOAMI} P&E04 (W V) | of
DMSO and equal concentrations of serumreplacenent (A) and nmedium (A) were
prepared at Gisleds eheisicarmfimgg 2%UQ7 cediliss fRAnitreatedr dyskemeddhad serum
tubes in duplicate, allowed to stand at 40C for 2 hours, refrigerated to
-80' C at 5a rsimel ir thdihatl Goipdoyed vk Examustsy { Ned ggige andcstbred in a
liquid nitrogen container for 5 days. The cells were thawed, plated in 60-mm
Petri di sherresipitatiml i e cald dFecipadate vas mesiuspeddse: ilved in
Suenori et al. (2001 Dev. Dyn. Oct;222(2):273-9). After 2, 4, 6 and 7 days,
ES cel | prolh¥ @htGorRERS IV PAON Zopbia each consisting of 12% (V/V)

[= 13.2 (W/V)1, 15% (V/V) [= 16.5% (W/V)], 20% (V/V) [=
22% (W/Vv)] or 30% (V/V) [= 33% (W/V)] of DMSO and equal
10 concentrations of serum replacement (A) and medium (A) at
a cell density of 3.2x107 cells/2 ml, transferred to
serum tubes in duplicate, refrigerated to -80°C at a rate
of about 1°C/min in Mr. Frosty (Nalgen) and stored in a
liquid nitrogen container for 5 days.
15 In a comparative experiment, cell suspensions in 2
ml of cryopreservation media each consisting of 10% (V/V)
[= 11% (W/V)] or 50% (V/V) [= 55% (W/V)] of DMSO and
equal concentrations of serum replacement (A) and medium
(A) were prepared at a cell density of 3.2x107 cells/2 ml,
20 transferred to serum tubes in duplicate, allowed to stand
at 4°C for 2 hours, refrigerated to -80°C at a rate of
about 1°C/min in Mr. Frosty (Nalgen) and stored in a
liquid nitrogen container for 5 days.
The cells were thawed, plated in 60-mm Petri dishes
25 in duplicate and cultured in the medium described in
Suemori et al. (2001 Dev. Dyn. Oct;222(2):273-9).

After 2, 4, 6 and 7 days, ES cell proliferation was



23 assessed by al kal i ne phosphat ase assay as described in Exanple 1. After
7 days of culture, the cells on each Petri dish was dissociated by
tripsinization and counted. The tine-dependent increase in al kal37LY 2006
phosphatase 5 activity (Fig. 18) at all the concentrations enployed in the
illustrative experinment indicates successful. The «cell count per Petri dish
in the 7 day culture was remarkably greager at DVSO concentrations of 15%
(MV) 16.5% (WV)] and 20% (V/V) [= 22% (W V)| than that in the 10

conpar at i ve aageardetendy; allkadh ien@loaipdsm tdind gyt izaldedE®eDNgent rat i ons
range from15% (WV) to 30% (Wv) (Fig. 19). Fig. 16 indicates that DVSO
concentr at i @xamgied vieenaibér( W ¥pyand £25%l E\WEY), wakee cpilékebhedacBEXAMPLE 5 15
Cynonol gus nonkey ES cells subcultured for 32 passages were harvested from
thirty-two 6@tm RBEigH wad shiesscedich ey it p& i3 ieel lsndardburteai.ed by a
method simlar to that enployed in Exanple | to give a cell precipitate.
The cel | pr ertieitiiatee- darserrdesits perdedh R0 im 2 kdl iofe phopleserssat i on nedi a
each consisting of 10% (V/V) 12.6% (WV)], 20% (V/IV) [= 25.2% (W V)] or 30%
(VI'V) 3758%aaliW)iltyof (Rjlgy.cerd)n,ati resltle etheofcdniviem t ¥23%or(sV/ed)p lafy ek rium

repl acenent (A) and the bal ance of nedium (A) at a cell density of 2.2X107
cells/2 nl, thensfleratetht25¢ exmuimantbesdivahgd isatagsafeflri gfhated to
-800C at a rate of about I1"C/mnin M. Frosty (Nalgen) and stored in a
liquid nitrogen contrdl ey fRetrl dhysh 270 Hiley 208% culture was

remarkably greater at DMSO concentrations of 15% (V/V) [=
16.5% (W/V)] and 20% (V/V) [= 22% (W/V)] than that in the

10 comparative experiment, which indicates that practical
DMSO concentrations range from 15% (W/V) to 30% (W/v)
(Fig. 19). Fig. 16 indicates that DMSO concentrations
between 15% (W/V) and 25% (W/V) were preferred.
EXAMPLE 5

15 Cynomolgus monkey ES cells subcultured for 32
passages were harvested from thirty-two 60-mm Petri
dishes each carrying 2.8x10° cells and treated by a
method similar to that employed in Example 1 to give a
cell precipitate. The cell precipitate was resuspended

20 in 2 ml of cryopreservation media each consisting of 10%
(Vv/v) [= 12.6% (W/V)], 20% (V/V) [= 25.2% (W/V)] or 30%
(V/V) [= 37.8% (W/V)] of glycerin, instead of DMSO, 20%
(V/V) of serum replacement (A) and the balance of medium

(A) at a cell density of 2.2x107 cells/2 ml, transferred
25 to serum tubes in duplicate, refrigerated to -80°C at a

rate of about 1°C/min in Mr. Frosty (Nalgen) and stored

in a liquid nitrogen container for 1 day.



24 In a conparative experinment, cell suspensions in 2 nl of a
cryopreservation nedium consisting of 5% (V/V) 6.3% (WV)] of gl,ﬁc‘,%rl_'\(%o 0%
(VI'V) of serumreplacenent (A) and the bal ance of nedium (A) wer’e “prepared
at a cell 5 density of 2.2 X107 cell/2 m, transferred to serumtubes in
duplicate, allowed to stand at 40C for 2 hours, refrigerated to -800C at
rate of about 1'C/mn in M. Frosty (NaFgen) and stored in a liquid
nitrogen container for 1 day. 10 The cells in each serumtubes were thawed,
directly pl atedr@na 68omiparet i vedeshesiméntuptéTat eusvpéhoubnscentai fugati on
and cultured in the mediumdescribed in Suenori et al. (2001 Dev. Dyn. Cct;
222(2):273- Q1 &M tercydpheddth St tay smedurceddnpi St idgrat i ®n wasv) 1p=
assessed by al kal i ne phosphat ase assay as described in Exanple 1. After 8
days of cultarss tievrcelds glyeacin, Peig i (Wivh oasschies oed sl cehant
tripsinization and counted. Colonies of 1 nmor |arger forned on the Petri
di shes for the 463 peed | b€l Doeeenf rmddions ey evet s Ustdpyateindeds @011
Successful cryopreservation was confirned by increase in alkaline
phosphat ase @&atsMiyyof2 e2xB0dayd 102 aill,t wranatferaldd tthe sgiryeetiubes
concentrations but 5% (V/V) [= 6.3% (WV) ] in the conparative experinent
(Fig. 20) . hedwslicatoundl pebedetd i stthrsd dth 4%e fBrday newlrdsyr e was
remar kably 25 great at glycerin concentrations of 10% (V/V) [= 12.6% (WYV))
and 20% (V/ BefrZor20ed W) 18410 @t 2lratandf boowmt i16a/ainESncEkl col oni es
was confirmed at glycerin 27 JULY 2006

Frosty (Nalgen) and stored in a liquid nitrogen container

a

for 1 day.

10 The cells in each serum tubes were thawed, directly
plated on 60-mm Petri dishes in duplicate without
centrifugation and cultured in the medium described in
Suemori et al. (2001 Dev. Dyn. Oct; 222(2):273-9).

After 2,4,6 and 8 days, ES cell proliferation was

15 assessed by alkaline phosphatase assay as described in
Example 1. After 8 days of culture, the cells on each
Petri dish was dissociated by tripsinization and counted.
Colonies of 1 mm or larger formed on the Petri dishes for
the respective concentrations were visually counted.

20 Successful cryopreservation was confirmed by increase in
alkaline phosphatase activity after 8 days of culture at
all the glycerin concentrations but 5% (V/V) [= 6.3%
(W/V)] in the comparative experiment (Fig. 20). The cell
count per Petri dish in the 8 day culture was remarkably

25 great at glycerin concentrations of 10% (V/V) [= 12.6%
(W/v)] and 20% (V/V) [= 25.2% (W/V)] (Fig. 21), and

formation of ES cell colonies was confirmed at glycerin



25 concentrations of 10% (V/V) [= 12.6% (WV)| or above. These results

i ndi cate successful cryopreservation of primte ES cells using 7 JULY 2006
cryoprotectant other than DMSO and preferred cryoprotectant concentratton
of from12% 5 (WV) to 30% (WV). EXAMPLE 6 Cynonol gus nonkey ES cells
subcul tured for 41 passages were harvested fromfifty-six 60-nmm Petri

di shes each carrying 2.5X106 cells and %geat ed by a nethod 10 simlar to
that enployed in Exanple 1 to give a cel precipitate. The cell precipitate
was resuspenrdeddnt rat ifnsolo fa 10%y qQuI/&s ereatli2on ¥Tee /M c ¥isiaddweg of 20%
(MV) [=22% (WV)] of DVMBO, 40% (V/V) of serumreplacenent (A) and 40%
(VI'V) of nedinesd Aesatl téelinddegid ises s sSEuOXEQ Y oby Rirhva{td o0 of2 OX107
cells/2 M and 4 . OX107 cells/2 m, transferred to serumtubes in
duplicate, refinger deddlas 180G al cayioalr® teic takh@ulo tWeMidhdm DMso Frosty
(Nal gen) and stored in a liquid nitrogen container for 18 days. In a

conpar at i ve agxp@ridieiired ey opispersiaonts cdohcent2@ ttloref oFf drwaprieser vati on
medi um consisting of 10% (V/V) [= 11% (WV)I, 45% (V/V) of serum

repl acenent ((iv)and 49% ((WVAY). of nedium (A) were prepared at cell densities
of 1 . OX107 cells/2 mM, 2 . OX107 cells/2 mM and 4 . OX107 cells/2 m,
transferred BExaMPEEIG t ubes in duplicate, refrigerated 25 to -800C at a rate
of about 1'C/mn in M. Frosty (Nalgen) and stored in a |liquid nitrogen

cont ai ner for 1&yrdayslgud/ mHlkEeWES cells subcultured for 41

S

passages were harvested from fifty-six 60-mm Petri dishes
each carrying 2.5x10°% cells and treated by a method
10 similar to that employed in Example 1 to give a cell
precipitate. The cell precipitate was resuspended in 2
ml of a cryopreservation medium consisting of 20% (V/V)
[= 22% (W/V)] of DMSO, 40% (V/V) of serum replacement (A)
and 40% (V/V) of medium (A) at cell densities of 1.0x10’
15 cells/2 ml, 2.0x10" cells/2 ml and 4.0x10" cells/2 ml,
transferred to serum tubes in duplicate, refrigerated to
-80°C at a rate of about 1°C/min in Mr. Frosty (Nalgen)
and stored in a liquid nitrogen container for 18 days.
In a comparative experiment, cell suspensions in 2
20 ml of a cryopreservation medium consisting of 10% (V/V)
[= 11% (W/V)], 45% (V/V) of serum replacement (A) and 45%
(V/V) of medium (A) were prepared at cell densities of
1.0x107 cells/2 ml, 2.0x107 cells/2 ml and 4.0x10" cells/2
ml, transferred to serum tubes in duplicate, refrigerated
25 to -80°C at a rate of about 1°C/min in Mr. Frosty
(Nalgen) and stored in a liquid nitrogen container for 18

days.



26 The cells in each serumtubes were thawed, plated in 60-mm Petri dishes
in duplicate and cultured in the nediumdescribed in Suenori et i%UUL§%9&§
Dev. Dyn. Cct;222(2):273-9). 5 After 2, 4, 6 and 8 days, ES cel
proliferation was assessed by al kali ne phosphat ase assay as described in
Example 1. After 8 days of culture, the cells on each Petri dish was

di ssoci ated by tripsinization and counte In the illustrative experinent
usi ng the cryopreservation 10 nmedi um contai ni ng 20% (V/ V) of DMSO, al kal i ne

phosphat ase actind taelNEraasestt asdQim atusdly watd wdensdd | gs1ddag im  the
conparative experiment (Fig. 23) . The cell count per Petri dish after 8

days of cul tgur-gmattaiedihddam gl iddtd ke emanatdd/ e rexes i ment, though
tends to increase 15 with the storage cell density, which indicates that

i ncrease i N AL rdBed e Bildmriothas greaioar peaf f egin t han i ncrease
in freezing cell density (Fig. 24). EXAMPLE 7 Cynonol gus nonkey ES cells

subcul t ur ed daar; 2% (20 :passages were harvested fromforty-eight 60-nmm Petri
di shes each carrying 4.0x106 cells and treated by a nethod simlar to that

enpl oyedsi n Exampiteed 2,0 4 V& @nd cldays e@dPpidaltle. prdiel fetd t drecigd t at e was
resuspended in 2 m of cryopreservation nedia containing 20% (V/V) 25 22%
(WV)] of DisQasidddl e adkaliingd ipdio spfhatRfbe \sbayofas sydoninefl acenment (A)
or fetal bovine serumand 70% (V/V) of nmedium (A), with the conbination of
40% (VI V) ofExsgipla 27 JREYe2086days of culture, the cells on each
Petri dish was dissociated by tripsinization and counted.
In the illustrative experiment using the cryopreservation
10 medium containing 20% (V/V) of DMSO, alkaline phosphatase
activity increased faster at any cell densities than in
the comparative experiment (Fig. 23). The cell count per
Petri dish after 8 days of culture was greater than that
in the comparative experiment, though tends to increase
15 with the storage cell density, which indicates that
increase in cryoprotectant concentration has greater
effect than increase in freezing cell density (Fig. 24).
EXAMPLE 7
Cynomolgus monkey ES cells subcultured for 45
20 passages were harvested from forty-eight 60-mm Petri
dishes each carrying 4.0x10% cells and treated by a
method similar to that employed in Example 1 to give a
cell precipitate. The cell precipitate was resuspended
in 2 ml of cryopreservation media containing 20% (V/V) [=
25 22% (W/V)] of DMSO with the combination of 10% (V/V) of

serum replacement (A} or fetal bovine serum and 70% (V/V)

of medium (4), with the combination of 40% (V/V) of serum



27 replacenent (A) or fetal bovine serumand 40% (V/V) of nmedium (A) or
wth 80% (V/V) of serumreplacenent (A or fetal bovine serum at Jui_gl,) 06
density of 3.2 X107 cells/2 m, transferred to serumtubes in dupli tg,
refrigerated 5 to -80'C at a rate of about 1'Cmn in M. Frosty (Nalgen)
and stored in aliquid nitrogen container for 5 days. The cells in each
serum tubes were thawed, plated in 60- Petri dishes in duplicate and
cultured in the nediumdescribed in Suenori et al. (2001 Dev. Dyn. 10 Cct;

222(2): 273- YepRideert ) rantbthMayssirdS £ahim pid i@ afvom ves assessed
by al kal i ne phosphat ase assay as described in Exanple 1. After 7 days of

cul ture, thena®lds @ enchvitdRetgds divshvwast dieasogimiwithdamdrid peanigati on and
counted. 15 At any concentrations of the nmedi um suppl enents, al kaline
phosphat ase fgid Viborimeraased {Fig.ce25) dash theo el |2x ovuridlng /per Petri
dish after 7 days of culture gave simlar results (Fig. 26) . Successful
Cryopr eser vail 0ncrayast exardd raeeds etur@nyutsasp plre il iconeentraf 4 ons;attddugh 20
cryopreservation efficiency tended to be better at |ow suppl enent

concentr ati ons,-dgceskeat ruee0b it Bokitnd 0fmisupR! BAENEro EXAVPLE 8
Cynonol gus nonkey ES cells subcultured for 32 25 passages were harvested
fromthirty- (Nl s )mar@tgtiorat shresa daichiichnrii rgpeh . EXIOE et | Somrril treat ed
by a nmethod simlar to that enployed in Exanple 1 to give a 27 JULY 2006
days. The cells in each serum tubes were thawed, plated
in 60-mm Petri dishes in duplicate and cultured in the
medium described in Suemori et al. (2001 Dev. Dyn.

10 0Oct;222(2):273-9).

After 2, 4, 6 and 7 days, ES cell proliferation was
assessed by alkaline phosphatase assay as described in
Example 1. After 7 days of culture, the cells on each
Petri dish was dissociated by tripsinization and counted.

15 At any concentrations of the medium supplements, alkaline
phosphatase activity increased (Fig. 25), and the cell
counting per Petri dish after 7 days of culture gave
similar results (Fig. 26). Successful cryopreservation
was confirmed at any supplement concentrations, though

20 cryopreservation efficiency tended to be better at low
supplement concentrations, irrespective of the kind of
supplement.

EXAMPLE 8

Cynomolgus monkey ES cells subcultured for 32

25 passages were harvested from thirty-two 60-mm Petri

dishes each carrying 2.8x10° cells and treated by a

method similar to that employed in Example 1 to give a



28 cell precipitate. The cell precipitate was resuspended in 2 nl of a
cryopreservation nedium consisting of 20% (V/V) [= 22% (W V)| of 7%920@9%
(VI'V) of serumreplacenment (A) and 60% (V/V) of medium (A) at Wa

cells/2 mM, transferred to serumtubes in duplicate, refrigerated to -80'C
at a rate of about 1'C/mnin M. Frosty (Nalgen) and stored in a liquid
nitrogen container for | day. In a conpggative experinent, a cell
suspension in 2 10 m of a cryopreservation nedi um consisting of 10% (V/V)

[= 11% (W V)deDf dMEOp 204V Bheolcesar whdapliacaie itad Aesdigbrdd®4 of nmedi um
(A) was prepared at a cell density of 2.2x10 7 cells/2 m, transferred to

serum tubes im Zupl i sate, credpiges a0 mSDDGn atodst at en®foabpos 15
100/ mn in M. Frosty (Nalgen) and stored in a liquid nitrogen container

for | day. The/¢el {s 22% eaehv sprofn babes 2ex e(Yhawedt éabed in 60-mm Petri
di shes in duplicate and cultured in the nediumdescribed in Suenori et al.
(2001 Dev. Dyspléxément20(RR2412d: R0S- O)/VAféBrm@didmand) 6atlays2efotul ture, ES
cell proliferation was assessed by al kali ne phosphat ase assay as descri bed
in Exanplse lcelAf$£2 0l daysawéfetitédres sdweumcehbss oinedabl Pesté, di sh was

di ssociated by 25 tripsinization and counted. Al kaline phosphatase activity

i ncreased sigaffigardtydfostesoio dthe rdddisdfr aldog epepemiiaent empl oyi ng a
DVSO concentration of 27 JULY 2006

Frosty (Nalgen) and stored in a liquid nitrogen container

for 1 day.

In a comparative experiment, a cell suspension in 2

10 ml of a cryopreservation medium consisting of 10% (V/V)
[= 11% (W/V)] of DMSO, 20% (V/V) of serum replacement (A)
and 70% of medium (A) was prepared at a cell density of
2.2x107 cells/2 ml, transferred to serum tubes in
duplicate, refrigerated to -80°C at a rate of about

15 1°C/min in Mr. Frosty (Nalgen) and stored in a liquid
nitrogen container for 1 day.

The cells in each serum tubes were thawed, plated in
60-mm Petri dishes in duplicate and cultured in the
medium described in Suemori et al. (2001 Dev. Dyn. Oct;

20 222(2):273-9) .

After 2, 4 and 6 days of culture, ES cell
proliferation was assessed by alkaline phosphatase assay
as described in Example 1. After 6 days of culture, the
cells on each Petri dish was dissociated by

25 tripsinization and counted. Alkaline phosphatase

activity increased significantly faster in the

illustrative experiment employing a DMSO concentration of



29 20% (VIV) [= 22% (W V)| than in the conparative experinent (Fig. 27).
The cell count per Petri dish after 6 days of <culture at a DMSOZNULYZO 8
concentration of 20% (V/V) [= 22%5 (WV)1 in the illustrative experlmen?
was 6 tinmes greater than that at a DMSO concentration of 10% (V/V) [= 11%
(WV)] in the conparative experinent (Fig. 28). Though Exanmple 7 indicated
that | ow suppl enent concentrations facibhbigtate cryopreservation, it is
denonstrated that | ow 10 suppl ement concentrati ons do not have as much
effect as H@h craoprpot edantw oonceiidratironte Idorfar@dsioreonfirmed that

| ow suppl enment concentrations are nore effective when conbined with high
concent r at i (g inddYO. (FINDUSTRI AL APPLI CABI LI TY is The present invention
enabl es sinple «cryopreservation of primate ES cells with high viability.
Cryopreservati onmmiusi ¢l B SRl p€p| Beeredi sIord St ant g daydbustn, insulin and
transferrin can prevent differentiation induced by unknown factors in
serum 20 Besildesse kacausmsy |cdeemproaeiin est faom culvur e= tdwspugh st or age
can be carried out without sera, use of ES cells obtained by the present

i nvention i n(WAgenematihwe i I tof atel v texgane dTer aps CAt iois ajredtieaks of
contam nati on by unknown pat hogens in sera. 25 27 JULY 2006 30 WHAT WE
CLAIM I S: than that at a DMSO concentration of 10% (V/V) [= 11%

(W/V)] in the comparative experiment (Fig. 28). Though
Example 7 indicated that low supplement concentrations
facilitate cryopreservation, it is demonstrated that low
10 supplement concentrations do not have as much effect as
high cryoprotectant concentrations. It is also confirmed
that low supplement concentrations are more effective

when combined with high concentrations of DMSO.

INDUSTRIAL APPLICABILITY

15 The present invention enables simple
cryopreservation of primate ES cells with high viability.
Cryopreservation using a serum replacement containing
albumin, insulin and transferrin can prevent
differentiation induced by unknown factors in serum.

20 Besides, because all the procedures from culture through
storage can be carried out without sera, use of ES cells
obtained by the present invention in regenerative
medicine and gene therapy can obviate risks of
contamination by unknown pathogens in sera.

25



1 . Use of a cryoprotectant at a concentration of from12% (WYV) to 50%
(WV) in the manufacture of a cryopreservation nediumfor pri narﬁﬁmo?d(dgni C
stemcells. 5 2. Ruse according to Claim1, wherein the cryopréservation
medi um contai ns a concentration of the cryoprotectant from15% (WV) to 30%
(WV). 3. Ause according to Claiml or 2, wherein the cryopreservation

medi um cont ai ns at | east one conponent 38elected fromthe 10 group

consi sting of dinethyl sulfoxide, glycerin, ethylene glycol, propylene

gl ycol and polyvinyl pyrrolidone as the cryoprotectant. 4. A use according
to any one @iaT Gidmn iyt 3, wherein the cryoprotectant is dinmethyl 15

sul toxide and/or glycerin. 5. A use according to claim4, wherein the
cryoprot ect ant i¥sdi abt hybryaptokedeantndti 2 scopeasendtarinonti §romom2E5%
(WV) to 30%. . €9A according to.Caim4, . 20 wherein the, .

cryopr ot ect Q@EM\SQ@ géri(ﬂ?génani %ge r@%ﬁggﬁ?\%&ftleoﬂfi% FFERPISISEW I o 30%
(WV). 7. AnugeudcCeordpRombocaBybefendE s€hmi 88llisto 6, which contains, in
addition to the cryoprotectant, serum and/or a serumreplacenent at a 25

concenty at idn ofA fussm Aoy dyng o E5% W,Vwhereim ddee according to any one

S . 7 . .
of d ai ms clri}cg)pr(sésev%q\lre(x:@iocrg)r}rt\é%ﬂ?m c'orrllt%didrllst Iaoncctng)cetn erazﬂ‘_?ic‘)]ryl‘c\)(f 2tqge6 31

cryoprotectant from 15% (W/V) to 30% (W/V).
3. A use according to Claim 1 or 2, wherein the

cryopreservation medium contains at least one component

selected from the

10 group consisting of dimethyl sulfoxide, glycerin,
ethylene glyéol, propylene glycol and polyvinyl
pyrrolidone as the cryoprotectant.
4. A use according to any one of
Claims 1 to 3, wherein the eryoprotectant is dimethyl

15 sulfoxide and/or glycerin.

5. A use according to Claim 4,
wherein the cryoprotectant is dimethyl sulfoxide, and its
concentration is from 15% (W/V) to 30% (W/V).
6. A use according to Claim 4,

20 wherein the cryoprotectant is glycerin, and its
concentration is from 12% (W/V) to 30% (W/V).
7. A use accoxding to any one of
Claims 1 to 6, which contains, in addition to the
cryoprotectant, serum and/or a serum replacement at a

25 concentration of from 10% (W/V) to 85% (W/V)..

8. A use according to any one of

Claims 1 to 6, which contains, in addition to the



cryoprotectant, serumat a concentration of from10% (WV) to 50% (WV). 9.
A use according to Cdaim?7 or 8 wherein the serumis fetal boviéa,ewﬁgrzu 5
10. A use according to Claim7, wherein the serumreplacenent contains a

| east one conponent selected fromthe group consisting of albumn or

al bumi n substitutes, transferrin or transferrin substitutes, and insulin or
insulin substitutes. 10 11. A use accordi3lg to aim7 or 10, wherein the
serum repl acenent contains at |east one conponent selected fromthe group
consi sting Ar¥PBUALACtantal BEKIR 3&bdt concentratansf efr frosy 40%ansferrin
substitutes, and insulin or insulin substitutes and at is |east one
conponent selW£Ykdter BR®t KE/Y) oup consisting of amino acids, vitanins,
antioxi dants, collagen precursors and trace elenents. 12. A use according
to any one of.- dains 7 to 11, which dorit3s ascordiagditei 6Rais ther2@.
cryoprotectant and serum and/a serum repl acenent, a basal mnedium for animal
tissue cul t Weershflafhengeatm éastefrdmpouise EAFWN-to 5% (W V) of gl ucose,
at a concentration of from10% (WV) to 75% (WYV). 13. A nethod of
cryopresérviky primate enbryonic stem 75 458 R§CesApRPsitAgCiadPeridi ng pri mate
enbryonic stemcells in a cryopreservation nmedium con‘gri si ng about 12%
(WV) to abduersdk FeVFesrmarepyapeBeBEt sARta2ns Bty 12666 O3

component selected from the group consisting of albumin
or albumin substitutes, transferrin or transferrin
substitutes, and insulin or insulin substitutes.

10 11. A use according to Claim 7 or
10, wherein the serum replacement contains at least one
component selected from the group consisting of albumin
or albumin substitutes, transferrin or transferrin
substitutes, and insulin or insulin substitutes and at

15 least one component selected from the group consisting of
amino acids, vitamins, antioxidants, collagen precursors
and trace elements.

12. A use according to any one of
Claims 7 to 11, which contains, in addition to the

20 cryoprotectant and serum and/a serum replacement, a basal
medium for animal tissue culture containing at least from
0.3% (W/V) to 5% (W/V) of glucose, at a concentration of
from 10% (W/V) to 75% (W/V).

13. A method of cryopreserving primate embryonic stem
25 cells comprising suspending primate embryonic stem cells in

a cryopreservation medium comprising about 12% (W/V) to

about 50% (W/V) of a cryoprotectant.



14. A cryopreservation nethod for prinmate enbryonic stem cells using the
cryopreservation nediumas defined in any one of Clains | to 12, 2ndnich2006
conprises a step of suspending prinmate enbryonic stemcells in the
cryopreservation nmedium and a refrigeration step of freezing the
suspensi on of the prinmate enbryonic stem cells in the cryopreservation
medi um by cooling it to -80'C or below, 3Ad a preservation step of storing
the frozen suspension of primte enbryonic stemcgells in the |,
cryopr eser vatli‘on %ﬂﬁﬂ?rfg‘?rﬁ‘ﬁéle‘f‘y?}ﬁgggér $ati BRIMREROBMREYEPAFNGTEED O ai m
13, wherein the coollng Lgte in the refrigeratign ste freezing the

e
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suspensi on ofS@hes pif Hg RoFy¥APECSEEMAL LR &S ﬁu?hégc89gﬁpé efPaff¥n

medi um by cooling it to, -80"C or _belowijs from0.5 Cto 10 C per mnute.
one of Claims 1 to 12, which comprises a step of

suspending primate embryonic stem cells in the
cryopreservation medium, and a refrigeration step of
freezing the suspension of the primate embryonic stem
cells in the cryopreservation medium by cooling it to
-80°C or below, and a preservation step of storing the
frozen suspension of primaté embryonic stem cells in the
cryopreservation medium.

15. The cryopreservation method according to Claim 13,
wherein the cooling rate in the refrigeration step of
freezing the suspension of the primate embryonic stem
cells in the cryopreservation medium by cooling it to

-80°C or below is from 0.5°C to 10°C per minute.





