DESCRI PTI ON CRYOPRESERVATI ON MEDI UM FOR PRI MATE EMBRYO STEM CELLS AND
{CRYOPRESERVATI ON METHOD TECHNI CAL FI ELD 5 The present invention relates to
a cryopreservation nmediumand a cryopreservation nethod for enbryonic stem
(EQ) cells fromprimates including humans, which have the potential to
differentiate into any tissues in the body and prom sing applications in
the fields of cell culture, 10 tissue tragﬁplantation, research for drug

di scovery and gene therapy. BACKGROUND ART Enbryonic stemcells are cel
lines derived fromthe inner cell nass _of the blastocyst. Wen

undi fferentiated, 15 they are pl ur PESEEAETION can contribute to formation

¢ . \ : line Ex , : . h

m co thowed PRIPERPICRIGeDS BEDTUM.FGs Thaieng Eumedn %%mfi%:@ﬁ”iﬁsﬁiﬁ’ei n
I ith cl f ES.cel hed (Wood, S. A et ., Proc.

ﬁgtr?rXng.mgo SgignBZA 80:45§§§9%§§%%%§3§§PN8g@gﬁgﬁ intoeprggeny nging

two different SERQARS, %f@iﬁh Is called chinmeric progeny). Moreover, ES
cells are useg—rﬁ—ﬁUﬁEh&

gs—medi cal studies to develop ani mal nodel s of

human di seases (gﬁkt%%%%eng'in%%n%hbn @%ﬁ% egakb'Eé%%%?g%%%ﬁ;%%é&?%ﬁ?_5272

T
(1995)) and 25 ¢ erentiation study nodels
medium and a cryopreservation method for embryonic stem

(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




al.', J. Enbryol. Exp. Morph. 87:27-45 (1985)). On the other hand, the
.report of successful cloning 2 by transplantation of adult somatic
nucl ei by Wlnu et al. in 1997 (Wlmut |. et al., Nature 385:810-813
(1997)) inplies the 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. Biol- b§ 9eledf8a61398h, PeabRuTe Shrdliic W iDRG w3 BLI0A

(1996)) have raised expectation of ne transplantdtion o

genetically 'agemtabqa'(wtiilﬁwe&wetchglit., h@%ﬁ}% Qlgis'T! %t-is%@. et&%@;g'}e
[ rom cl one S t'h

g
t herapi es using ES cells derived enbryaos. Under

above- ment | 091 SLECHHB! BBGEII1NR! BEIEbrmbRl oFSoteLlyBradughion extended
fromsmall |aboratory 15 aninmals to primates includi'ng humans; and Thonson

et al. repor&adnhsehatbﬁﬁrghstheﬁyﬁtﬁaﬂﬁsyeESr@@éﬁélinréggéteé1995 Proc.
Nat|. Acad. Sci. USA 92:7844-7848: USP5, 843, 780; USP6, 200. 806 and

W96/ 22362) . tBuhhhiglesi Horl998uchingl atifgsrehcESceshl srsidi kbanhy derived
fromin 20 vitro fertilized human ova was reported (1998 Sci ence Nov 6;

282(5391) : 1145r7pusSuesBuksetnaludsugcendedertoast abkksbmepl,calsES eel
lines fromintracytoplasm c sperminjected ova of

N. et al., TINDS 22:357-364 (1999), Li M. et al., Curr.
Biol. 8:971-974 (1998), Okabe S. et al., Mech. Dev.
59:85-102 (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

15 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-




cyrfonol gus nonkeys, which are used widely in nedical 25 studies for their
usefulness in preclinical testing, and denonstrated that they retain their
pluripotency for a long term (2001 Dev. Dyn. Qct; 222(2):273-9; and JP-A 3
20Q2-159289). The potency of the cynonol gus nnnkey ES cells to
differentiate to dopam nergi ¢ neurons was also confirnmed (2002 Proc. Natl.
Acad. Sci. USA 99:1580-1585). However, the ES cells of primates including
humans 5 established by the above met hod have a pr obl em of poor
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reports on stem cel cryopreservatlon a cryopreservation COﬁDOSItIOﬂ for

et eat ed col 15 hnsleiing henadhaia GELEMERIS (ifihily, 000:201672)

has al ready been reported. However, a netho e ES

cel |'s hass Nokska®) i SHePOL,EE HEe binobae raliheet h%fvet e RLEIeRl o 'fn§>§%tr' on is to
provide a cryopreservation nmedi umand a cryopreservation neth 20 whi ch

nmake it posscbiepteseryeriesckereitSeteh anleemMpel FRLSENACKHYEI Ng humans,
i f not known yet, sinply with high viability. DI SCLOSURE OF THE | NVENTI ON
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 vyet.
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




The' present inventors have carried out studies to 25 solve the
.above-nenti oned probl ens and have conpleted the present invention on the
basis of the finding that the use of a cryopreservation medi um contai ni ng
a 4 cryoprotectant at a higher concentration than ever, specifically at a
concentration of from12% (WV) to 50% (VV\O al l ows cryopreservation of
primate ES cells with easy control at cost. 5 Nanely, the present

i nvention provides the foll ow ng |nvent| n. 1. A cryopreservation medi um

for primte ggpbbgekgc§gﬁg1 b)ﬁlggg %)?Q?%f%r 8¥§Rr %%; t at a

concentration of fron112A) cryopreservatlon

medi um accor dhag 1iecds 19NEECLNCohREneeRETREY Al 8BoA 158 (G YAPLAl sgant is

from 15% (W WYV). 3. The cryopreservation ne I'um'according to 1
or 2, which wovt)al Q§l@{vs| eg%pee@ewgeqeﬁnbfs k phed r‘%‘sol%‘eﬁ*i% igup 15
con5|st|ng of di met hyl sul f oxi de, gl ycerin, ene gl ycol, propylene

glycol and pekgyi Byhtp¥iraki depecastt he cryoprotectant 4. The
cryopreservation nmedium according to any one of 1 to 3, wherein the

cryopr ot ect ant INaﬁb&?thlheS@k%@éth1n3@n%ﬂ@b@br@bﬁ@%%‘Qhe5fdﬁh%w1n
cryopreservation nmedium according to 4, wherein the cryoprotectant

di et hyl sul taxefleioand its concentratlon Is from15% (WYV) to 30@6(VV\0.
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 i 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 crycpreservation mediuﬁ 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

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

7. The cryopreservation medium according to any one of 1




6. The cryopreservation nmedium according to 4, wherein 25 the
cryoprotectant is glycerin, and its concentrationis from12% (WV) to 30%
(WV). *7. The cryopreservati on nedium according to any one of 1 5 to 6,
whi.ch contains, in addition to the cryoprotectant, serum and/or a serum
replacenent at a concentration of from10% (WV) to 85% (WV). 8. The
cryopreservation nedi um according to any Qne of 1 5 to 6, which contains,
in addition to the cryoprotectant, serum-at a concentration of from 10%

(WV) to 50%tWVeY) whi%h H P! eSeraRti a8 YL ogjr[}gt[é&a?ntor 8,
servatl

wherein the serumis fatal bovine serum 10. The cryopr on nedi um

accordi ng togserutherfi/dr 10 ddifind Pl erlAte BNt %&%d&aaéaindnegf% one

conponent selected fromthe group consisting of albumn or um n

substitutes, fidoangfoar riwywyr dg anf gy . substitutes, and insulin or
i nsulin substitutes. 11. The cryopreservati on nedi um according to 7 or 10,

15 wherein tie TeRUBHPrRGRTRAL iGN RINSMALJRAMI NG o GORPYMNSEl ect ed
fromthe group consisting of albumin or albumn substitutés, transferrin

or transferrice ésubstiichutcesitadme ,i AsUlEdAieH oS ithes WRSiHdAdes rahd at
| east one conponent selected fromthe group consisting of 20 am no acids,
vitam ns, antemdirdant &, cetldengen tibecwfs@rem and tmwaes elemayt sw/id.. The
cryopreservation medi um according to any one of 7 to 11, which contains,
in additi on o tThe cryopresestantion 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, wvitamins, 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).




and serum and/ a serum replacenent, a basal nediumfor 25 animal tissue
culture containing at least from0.3% (WV) to 5% (WYV) of glucose, at a
concentrration of from10% (WV) to 75% (WV). 6 13. A cryopreservation
method for primate enbryonic stem cells using the cryopreservation nmedi um
as defined in any one of 1 to 12, which conprises a step of suspending
primate enbryonic stemcells in the cryopreservation 5 nedium and a
refrigeration step of freezing the suspeﬁ%ion of the primte enbryonic

stemcells insthg PRIRIE LA N F{%ﬂo‘&nf@f ?(}cilnj Bl iegnbtrg(fo_n%% %a l_T(ga‘rgn bel ow,

and a preservation sfep of storing rozen suspensi on

enbryoni c St%@ﬂ@%'h%ibg e ChYRRRRSE Ak QR ﬂéﬁi%?ﬁ%%wﬁe#ﬁhégnin an

cryopreservation nmethod according to 13, whereln e cool'ing rate 'Y t he

refrigerationnst e af thr 2ezi RgichheospsRersi an s%fept he !%ﬁlisgs%h_%gigfgbfyom c

stemcells in the cryopreservation nediumby cooling it C or bel ow
15 is from OpFiGate LAHEyREN cTskéece1BB ER PRICRLDELONGF LG JHRAW NGS

Fig. | shows the time course of the al kaline phosphatase activity of

post - t havs cy medngys amankey g igeehks ohn seebt Wire ri-deBxapPlgel. % denotes %
(MV). 20 Fig. 2 is a photograph of ES cell colonies after a post-thaw

passage i n Esaspkasiofmagnichiecgirifat40rmbrioddc3 sikemdcphokoghaphof ES cel
col onies after a post-thaw passage in Exanple | (nagnification 100).
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 1s 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




Fig. 4 is a photograph of ES cell colonies after a 25 post-thaw passage
stained with an al kal i ne phosphatase substrate in Exanple 1. Fig. 5 shows
the time course of the alkaline 7 phosphatase activity of post-thaw
cynonol gus nmonkey ES cells in culture in Exanple 1. %denotes % (V/V).

Fig. 6 is a photograph of ES cell colonies 5 days after thaw ng in Exanple
2 (magnification 40). 5 Fig 7 is a phot ogr,faph of ES cell colonies 5 days
after thawing in Exanple 2 (magnification 100). Fig 8 is a photograph of ES

cell col oni ephb Mt aaf tR1 e Hay Nk i _atq:}%! nificati.on . Fig 9
i s a phot ogrgjph of ES cell col gé#ies #5'53;/5 %%rgoehrmt%uaswi%ojﬂ?efy npl e 2
(magni ficati @@11Q0)in Kha cli-d SirA kA aph gf | sCqlonies 7 days
after thawing stained with an al kali r]ide1 phosp%afiggggg%u%s?'rvng ‘in Exanpl e 2.

Fig. 11 is a photmgfaph f £ eadsr S 4 sl Ly ' ] an
al kal i ne phosphat ase substrate inO aﬂrrpl e 2. F%g.flﬁ@%%ﬁ%t%ggé%ph of ES

cel | col oni exfiedayhavdigerin maehip0 d 2 {(RRGATXALINE MPeri ment in
Exanple 2 (magnification 40). 20 Fig. 13 is a photograph of ES cell

col oni es 5 days Fifg er itdhaniglpidyrdih el aldMe Rafiden 44, Fxanple 2
(magni fication 100). Fig. 14 is a photograph of ES cell colonies 7 days
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




aft'er thawing in the conparative experinent in Exanple 2 25 (magnification
40). Fig. 15 is a photograph of ES cell colonies 7 days after thawing in
the conparative experinment in Exanple 2 8 (nmagnification 100). Fig. 16 is a
phaot ograph of ES cell colonies 7 days after thawing stained with an

al kal i ne phosphatase substrate in the conparative experinent in Exanple 2.
5 Fig. 17 is a HE-stained section of a teratoma fornmed in Exanple 3. Fig.
18 is a graph showing the time course of P activity at various DVSO
concentrat i ongmagh iExaaRliend 100k 9. 19 is a graph showi ng the correlation
between 10 DMSO concentration and cell count 7 days after thawing in

Example 4. % denoties %d i/ dckoctdtd gt ERR NN e 4idR Lour se of
the ALP activity of post-thaw cynonol gus nonkey ES cells in culture after

Cryopr eser vakifeeri Rhaheénpr eseneedoivith ghyeekian ink Brasphacaddenot es %
(MV). Fig. 21 is a graph showi ng the cell count in the 8day culture of

the recover eduESteelks iaf téke compaphedeeyakperimenthenpkasapae of gl ycerin
in Exanple 5. %denotes % (V/V) . 20 Fig. 22 is a graph show ng the number
of coloni®s in e .8 1day scd HP-&tefirdie geeadver ed BS realdtomaf t®rmed
cryopreservation in the presence of glycerin in Exanple 5. % denotes %
(VI'V). in Example 3.

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).




Fig. 23 is a graph showng the tine course of ALP 25 activity of post-thaw
ES cells in culture after cryopreservation at different storage cell
‘densities in Exanple 6. %denotes % (V/V). 9 Fig. 24 is a graph show ng
the cell count in the 8 day culture after cryopreservation at different
cell densities in Exanple 6. %denotes % (V/ V). Fig. 25 is a graph show ng
the tine course of ALP 5 activity of post-thaw ES cells in culture after
cryopreservation in cryopreservation nedi & suppl emented wth serumor a

serum repl acementgi Ty %+ VI Fig. 26.1s_.a graph
showi ng the cell clodqun?(?nr?%ﬁ% giraﬁﬁ) %ay ?ﬁt%}é% %% lerC(%’Fril%errés%}P‘?/aél on in

cryopreservatg9n cymai LEIRE- M N, Sarym.qr (ﬁf%eé}%phtree%]@gegm sienof

12 SHLE
Exanple 7. % denotes % (V/V). Fig. 27 1s a graph show ng

AP activi{ vichls ihdeayaheduiEhed | |8 auhbuee gf ()]s cryopreservation in
the presence of 20% of a serum replacenent in Exanplé 8. % denotes %

(VIV). Fig. 28 i %izy graph Showngpn hendellg Gounte idh the, Zoe day gulture
50% ep

after cryopreservation in the presence of of a serumr acenent in

Exanpl e 85 Yaderetiey B Wodt 2HBESE MaDE FGR GARRUANG QYL THE | NVENTI ON
The cryopreservati on nedi umuseful for cryopreservation of prinmate

enbryoni ¢ st emyogires cafvatien AnheseRloprRventia@n oy aledriablynparkaineat | east
one nenber
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 QUT 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 simply as DMSO), glycerin, ethylene glycol, propylene
glycol and polyvinyl pyrrolidone as a cryoprotectant.

These may be contained singly or in combination. The




sel'ected fromdinethyl sul foxide (hereinafter referred to 25 sinply as
DMBO), glycerin, ethylene glycol, propylene glycol and polyvinyl
pyrrolirdone as a cryoprotectant. These may be contained singly or in
conbi nation. The 10 particularly suitable cryoprotectant is DMSO because
of " its perneability to ES cells, and the second suitable cryoprotectant
I's glycerin. The concentration of t he cryo rotectant which 5 ensures the
effects of the present invention is fromi®o (WV) to 50% (WYV), suitably

fron115@6(VVﬂgrEQCQQé@ivvg%ltagﬁg %9#8§§0% EL38 eg%ﬁ@wgg §g§P§%%ﬁ§ i ons are

bet ween cryoprotectlon effects an FeIrt and

al so cover ed; by bbengkselty! ByeRs g 10 agngggggssgésxagggtgéﬁggoblect of

the present invention. The cryoprotection e s-are o low a

concentrati ogry &begegggﬁgsgsogl%ggri ports that enbryonic stemcells and
enbryonic carcinoma cells in culture egln to differentiate in 4 days at a

DMSO 15 nt Rkl % I vel opnent
(1994) 120: 1473 14828n%%2\%g§w%évgq%%n% 9'&%?85}% f55° 5’56592312) and t he

possi bi | isty ehsGaesyoNeref coptanh PatheNoPEsERE! ﬁb‘éﬁk‘i@ﬁ 1# fléém“%%
preferred to use the cryoprotectant at an excessively

concentrati ot/ VWetot hes c(yopy Pt €61 Bab1{ SEEMROL 54 h?w?@ﬂceatﬁé%' eR/viD the
cryopreservation nmediumis suitably from15% (WV) to 30% (WYV),
particul arl yTlsei tabhysfaom d6Ved W) b 0tRE%alance 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). wWhen 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).




(WV) (Fig. 18 and Fig. 19). Wen the cryoprotectant is 25 glycerin, the
concentration in the cryopreservation mediumis particularly suitably from
12% (WV) to 30% (WV) (Figs. 20 to 22). 11 A previous report on a
cryopreservation conposition for nucleated cells (JP-A-2000-201672)

di scl oses a cryopreservation conposition containing from3% (WV) to 20%
(WV) of DMSO in conbination with dextran and al bum n. 5 However, it nerely
refers to the conventionally used naxi nuftand ni ni mum concentrati ons

" Soshi ki Bai L. " | 1.ed by the Japanese Tissue Culture
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effective I N o GoRiRsRfataldrOR oo JUITRR erfelisn n;féo%t'%; fqg\f);)gte 4

expect by anal 6gy that w I'S concentration’r
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addition, DMSO is considered to be harnful at concentrations o

above (" Bynshicwdick0- iSeiduHaygaledlid 8R' el %%@Atwn%@éﬁ%é\@am et al.
(1997) p.391) so far, and experinents using chicken lung 20 cells did not

gi ve high vi abidiruresn@ BMBQUET BneRltiia t iCRRCaMSAHIRS R3S i ¢y as from
15 to 20% (Dougherty, R, M Nature 193:550(1962)). Thereforé, successful
cryopr eser vaGigmtef/pedinic@ epbrpeniapsihemecalilssuat duilghre
Association (1982) p.42-44, “Shin-Seikagaku Jikken Koza
vol. 18 “Saibo no Balyo 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 ig 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 inventiocn

25 1s a totally new finding.

The cryopreservation medium of the present invention

suitably contains serum and/or a serum replacement at a




cryoprotectant concentrations as in the present invention 25 is a totally
new finding. The cryopreservation nediumof the present invention suitably
‘contai ns serum and/or a serumreplacenent at a 12 concentration of from
10% (WYV) to 85% (WV). As the serum FBS is suitably used. The serum

repl acenent suitably contains at |east one conponent selected from the
group consisting of albumn or albumn substitutes, 5 transferrin or
transferrin substitutes, and insulin or #%sul in substitutes. Parti cularly

suitably, a serjua, gr%l%%e%%‘tffo% Y t%t ?:p/\yom r ncells in
t

an undi fferenti at st age seens um an /o §pl acenent

is essential @hhfagpat;d %1%%&@'% e%ts.e”f‘ﬁ% ggruﬁxgl E@?E%mepﬁe rest of

cryoprotectant, serum or a serumrepl acenen cons

the cryopregeniatdl 3“ JBAiaUMOots 1t Re Rfesent éo%\f)%@lte'n%n s ldBVETe, e

cryopreservation nediumis preferred to contalin serum and/or a serum

r epl acenent &hea?lr@wpl%o&%a%%a F(:)ano%l(Hl:lﬁrEl% 2 AMAES) surddi 'é??éﬁﬁ

concentrati on | east 10% seenms necessary to ensure ce

stabi | i zati orahREapatiti ol diransTeirkabl @ uERRGRNtLAL | 8iha 9 s28MHMand/ or a
serum repl acement is from10% (WV) to 50% (WV). A serum repl acenent

contai ni ng atinseddh aubstitutes.al baft Dcguhsiit !alﬁi?’éab§y5uht gblkgm I'N

partlcular a serum replacenent contalnlng at | east two conponents

album n or akepleicemeuhstist uted andnmaiatsfier embronitarsker ddlls in
an undifferentiated stage. It seems that serum and/or a
serum replacement is 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. 1In 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.




substitutes, is particularly suitable. The opti mum serum 25 repl acenent
contains at |east three conponents, albumn or albumn 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

am no acids, vitamns, antioxidants, col ggen precursors and trace

el enents. Serum nmay be 5 supplenmented with”these conponents, if necessary.

In the present inventd Qhheddis-d RYEM dre sgagﬁplafuerﬁlgﬁé&rﬁné%@?gum n

(BSA), fetal bovine albumn (fetuin), human ser

reconbi nant  RupaR idlhui N eadtHoM R¥RIRWHN 21 ddhed iken E*Ih%e%lr%ﬁ n

substitutes 10 are suitably bovine pituitary extract, bovine

extract, chi _Q:lé(ﬁ%i%&tihgcbf a8kl qal, buitRnan ot Ntk gattg transferrin
Is suitably iron-bound transferrin or iron-free transferrin. In the latter

case, coexi glaneged pric@risets andstirkaRl @1k . anskethi Ray3be
substitutes are suitably a soluble iron conmpound or an iron ion. For

exanpl e, §roguphelaia tedMpdthds heweh camponke tigr Hifc nelddsatzgychel ate or the
ferrous sulfate chelate 1is preferred. As the insulin, an insulin bound to

a netal ion suchrasheheraisent dmvemtieimpl theealistin nd WGt able. In
the latter case, coexistence of a netal ion is suitable. As the insulin
substi t ut es, baviakulslesumed burdonpg®@$ad , orf eg ate bmlv inen alldbusidint alfeauids ,t he
metal, zinc is suitable. Zinc chloride, zinc brom de or zinc sulfide
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 transferrin
or iron-free transferrin. In the latter case,
coexistence of iron ionsg 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
ig 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-




hept ahydrate nmay specifically be nentioned. 25 In the present invention, as
the amno acids, glycine, L-alanine, L-asparagine, L-cysteine, L-
asparaginic acid, L-glutam nic acid, L-phenylalanine, L 14 histidine,
L-isol eusine, L-lysine, L-leucine, L-glutanm ne, L-arginine, L-nethionine,
L-proline, L-hydroxyproline and L-valine may be nentioned. As the
vitamns, vitamns in the vitamn B group,such as biotin, pantothenic
acid, 5 choline folacin (folic acid), nyoinositol, niacin, pyridoxine,

riboflavin, thisalidigeand.-Gekaleamineaar ¢, 194itabl .- lé%ch%% a@ﬁ@@ﬂeﬁﬂﬁﬁ%

glutathlone and ascorbic acid may be nentioned. As the col | agen

precursors, a-ap@livikedr o-maehiehinks deprvatinkesy- %&d%o&?%%%ﬁ1%@ and
hydr oxyproline) or its derivatives nay be menti oned. ~ As e trace

el ement s, i nLagdiltinenmag @@emb@uibﬁe@EHtAQneﬂelﬁ@ﬂaﬂﬂﬂs?lﬁﬁtaﬂgns M+
Ba' +, Cd'+, Co 2+ Cr 3+, CGed+, 14r, 2 +, M'+, N 2+ , Rb+, Sed+, Si4+,

Sn 2+ VI+' Fhedvitain, BFgroup andht he blbtlﬁﬁYPaﬁtmhth&e@Cﬂf) The
above-nmenti oned conponents such as am no acids, vitam ns, antioxidants,

col | agen %Prectupians, aﬁdlﬁcane(feﬂémeatidnaympelusedtbm,cﬁﬁbbﬁ@Llons of two
or nore of the same type or different types. The cryopreservation nedi um
of the presepvridesntieonribe fiayifwr theemiort and aobaiamimedirem f or ani mal
tissue culture at a concentration of from10% (WV) to 75% (WV). As the
basal nedi unfuatbhdgl nkeli thefant bokhddnt$ssgbutazthione andtasobngiat | east
fromO0.3% (WV) to 5% (WYV)
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 zinec, Ag*, Al1’*, Ba®', Cd*, co®, cr’**, Ge?, mn?’,
Mo®*, Ni®**, Rb*', se®, si'*, sn?', v°**, 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




of 'glucose is suitably used at a concentration of from 25 10% (WV) to 75%
(WYV) because of recovery of thawed cells and suppression of apoptosis.

The selected glucose content reflects the fact that though aninmal 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 serum
and/or the 5 serumrepl acenent, a basal H% ium suitable for culture of the

cell's is inceppenatedetiiat la%ecnlgganqgemw QR BBR: YMnur ARz Medi um i s
added so that the concentration of cryoprotectant and serum and/or the

serumrepl acepBBbnicsaclibe eFsapbi@l omhgi, mléﬁ(lab%tt#%%olg)%\%mgm&al ),
while 10 the basal medi um constitutes the ot her 75% addi tion

of a basal mgdukBkko cbhe ety aREes8M%al 0N sERdifdR drbr&ssat istlem tHa@ 1@ Ni mum
anount of it necessary to obtain its effect is 10% (WV). Wen prinmte

enbryoni c st em addlisiane ter yopr ezobyedretbantcand Barua bhe/Rresaet
invention, the above-mentioned cryoprotectant is used to cryopreserve

har vest eds prereue rephayenicatst anbaghlismeddi®l ¥uikybaemEbRodugeurel sifng a
step of suspending primate enbryonic stemcells in a cryopreservation
medi um cont athengeflhe désydprotpotantdatin?2@ha eepepitkativamnieh mediuh2%
(WV) to 50% (WV), a refrigeration step of freezing the suspension of the
primat e enbr pobbsadt meddéel gsi pdtikd epytpréseheativagenneditionbypfcabli ng it
to -80C or below, and a
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




preservation step of storing the frozen suspension of 25 primate enbryonic
stemcells in the cryopreservation nedium In the refrigeration step, the
cooling rate is preferably fromO0.5C to 10C per 1 minute, because rapid 16
cooling leads to difference in ice formation between the intracellular

wat'er and the extracellular water which is destructive of the cellular

m crostructure. The preservation step capn be perfornmed at -80'C or below 5
preferably in liquid nitrogen and/or |IQUI% nitrogen vapor for nore stable

storage. Thecgglﬂhbslggdgh%o”§§@§@kéﬁbEHQQrHﬁbngokﬁgtﬁﬁﬁs%@ weltV @R on are
not clear. Though primate enbryonic stem cells are supposed to be nore

suscepti bl e tareayedammge QcbRaanAodse erbryerhe shemaekSwhiikn S5
specul ated that the use of a cryoprotectant at higher concentrations than

usual suppregagsrgtyedansgerandceenmankabhy ci-BBEQVesucel ! Tytability. The
present i nvention prOVIdeS a cryopreservatlon nmedi um and a cryopreservatlon

met hod 15 whpebsalt,awishneke EMHPB@S§E¥§BkﬂBdOBtpLBGaéeoP”QéY&ﬂ'C stem
cells with high viability. E MPLES w the present invention will be

descri bed bypreééeabipgiholbxanfll astandefoaparatki Yeqghxamphesogkawever, 20
t he Exanples are nere enbodi nents of the present invention which help
r epr oduct i onvapotrhéopr mseat stehenttonagad by no neans limts or restricts
the present invention. The specific gravities of the DMSO, glycerin,
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 mére 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 1.0, respectively.
EXAMPLE 1

Cynomolgus monkey ES cells were subcultured for 33




the serumrepl acenent and the culture medi umused were 25 1.1, 1.26, 1.0
and 1.0, respectively. EXAMPLE 1 Cynonol gus nonkey ES cells were

subcul tured for 33 17 passages and dissociated into cell suspension from
three 90-mm Petri dishes, and the cell suspension was centrifuged at
1,000 rpmfor 5 mnutes. The supernatant was renoved to obtain a cell
precipitate. The cell 5 precipitate was r©7uspended inl m of a
cryopreservation medium containing 20% ( [ = 22%(WV)] of DMBO, 40%

(VIV) of a sepumauen acrmntsLetaidd n 9@ l%‘é'"i‘l”’sd i, A AT N

(Knockout Serum Repl acenent: |nvitrogen [ hereinafter ferred 1o As serum

replacenent OA)-lhmétld HMUHY Viarkf tlggEMel-_ﬂqmsjfl S%LOJH qpacy um [ herei nafter
0

referred to as nmedi um (A)] suppl enented with 3 glucose, 0.5 g/l of

CaCl2 0.15 kbr@hil¥h tha  eeld $RENS an %%_ Ly angke erum
tube, refrigerat ecjlL ?%@-saooc at arrpgije of aboalt S E |E{1§/rgrhgtgn§y 15

(Nal gen) andwikerefloaed tion o%tlallehwadc@ltlrw%lﬁﬁk%lenewhé%ei@out 6 days.
In a conparative experinment, a cell suspensionin 1

Cryopr eses vapres ipddiate® 62Rs irslsiageaiicdnhVAViobs %@yo@@@sﬁe\ﬂv\é)tl%fn serum
repl acenent (A) and 50% (V/V) of 20 nedium (A) was prepared, transferred to

a serum t ubemediehr coatatiadngo 2080' (@/at) g=r ate afv/ahquictl 'Digom, N gigy M .
Frosty (Nalgen) and then stored in a liquid nitrogen container for about 6
days. (V/V}) of a serum replacement 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 (2)] supplemented with 3 g/l of
glucose, 0.5 g/1 of CaCl, 0.15 g/1 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 {(2) 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




The cells were thawed, plated in 60-nm Petri dishes 25 in duplicate and
cultured in the mediumdescribed in Suenori et al. (2001 Dev. Dyn. Cct;
222(2) »273-9). ES cell proliferation was investigated by following 18 the
tinme course of the activity of alkaline phosphatase, which is a marker of
ES'cells. After 3, 5 and 7 days, the nediumwas renpved fromthe dishes by
aspiration, and the cells were washed V\Ai%l m of 30 nM Hepes buffer 5
containing 0.1 My/1 O CaCl2 and 0.1 My/| MyS04( 7H20) and treated with

1 n of 0.2 Wedf”tr{?r@)@o'ﬁ%%l lJ¢f qry a&q%ﬁlaf o SQhidhis 8}% iﬁri:1c;[sh al aarre buf f er

in an i ncubator at 37'C for 1 hour ortions

m xture wer gHiansfernr ¢d QA #4reeld ro ndcanalyyze
fluoronetry at 1Ex355/ I%m460 Fl uorescer?éemsgerﬂ%tl%? §' QHPCzI g?gé "and

plotted. As gheomd@hm Wae %@%%bb@efr@ﬂp%ﬁgabﬁ%%e%pE&V%E%f?ét S%&ﬁ%

feeder cells as used during subcultures of ES cell s was reasur ed

celI's in thethd ustinat e expetetet tshaved LF Sioghid nedrld ¥ @&Bﬂr
al kal i ne phosphatase activity than the feeder cells (Fig. 1) coul d be

subcul tured abheminingeek1 Abter othreelt ohdadp! ytmgmlfeklﬁwé by days of
subcul ture, successful proliferation of ES cells was observed w thout
formation of adidf terankidatedhcal ani e€ 020 (M @SmeZnhgNdmde11Afer 1conpl et i on
of the culture, the cells in each Petri dish were fixed with
par af or nal debhdepaadeetshdnali candnsthienedmsi thi¥Yeet dh Bed ialkd®aitke at
phosphat ase substrate (Vector Labs). The nunerous

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 ag 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




successfully stained colonies (Fig. 4) denonstrate that 25 the ES cells
cryopreserved according to the present invention remained normal. In
contrast, in the conparative experinent, the 19 alkaline phosphatase
activity was nuch the same as that in the feeder cells (Fig. 1), and no ES
cell colonies were fornmed. EXAMPLE 2 5 Cynonol gus nonkey ES cells

subcul tured for 34 passages were harvest fromsix 90-mm Petri dishes and

treated by a nmethod simlar to that enployed in Exanple 1

to give a cel

precipitate. ;Thgi¢gkl sRLEEHAI e E6S e R .2 of, .a
cryopreserva?ionlnediEHF%%hgg%EFS?P§3V3?92g%?(@ﬂ%g Eg&)Fa%§)%SOFhBﬁBCZ 40%

(VIV) of seigmuepkacgeenteidl 48%(VAY) ahamedi B@ CAY1- &

suspensi on was transferred to two sérumtubes, refrigerate

hg -%II
3OriEE e at a

rate of aboufe¥e/ FbemkA. M. Frosty (Nalgen) and stored in a liquid
nitrogen container 15 for 1 day. In a conparative experinent, a cel
suspensi on i ax2mpnk of a cryopreservation nmedi um consisting of 10% (V/V)

of DMBO, 45% (V/V) of serumreplacenent (A) and 45% (V/ V)

of nmedium (A)

was prepared, tragsbebiedst achweysasure2q st ghesulteielgehat @d to -800C at a
rate of about 1'C/mn in M. Frosty (Nalgen) and then stored in a liquid
ni trogen conpasaegebowetedhyrvébeedetlsmi nigagh-sar pactrtibaivhee thawed,

plated ' 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 (&), 40% (V/V) of medium (2&). 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 liguid 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.

25

The cells in each serum tube were thawed, plated in
60-mm Petri dishes 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




60-mm Petri dishes in duplicate and cultured in the 25 nedi um described in
Suenori et al. (2001 Dev. Dyn. OCct; 222 (2) :273-9) . After 2, 4, 6 and 7
‘days, ES cell proliferation was 20 assessed by al kal i ne phosphat ase
activity as described in Exanple 1. The cells in the illustrative

experi ment showed significantly higher alkaline phosphatase activity than
5 the feeder cells (Fig. 5) and the cuItuiﬁs reached the stage at which
they were able to be subcultured after 5 ays (Figs. 6 and 7). After 7

d f I I ; | i f A f. _ES cell.
Sovs o 7 Sep syl ab st nt St e,

After conpl ekkgRp9k the culture, the cells in each Petri dish were fixed
wi t h paraf or mal dehyde and ethanol and stained with Vector Red al kali ne

phosphat ase subsiphal @0¥RCHer thabs)1uERe YRS QUS5YGReS STy St ai ned
colonies (Fig. 10) denonstrate that the ES cells™ 15 cryopreserved

accordi ng tosibﬁiﬁﬁeaﬁﬁuyiﬁigﬁbkoalRQMEhaeghBQ%HBkasgighkébi§§akﬁhﬂg of the
feeder cells gave no stained colonies (Fig. 11). In contrast; though the

ES cells s n the cesparatiteés erpgri BEnhnal kght buieysegdedathedf egder cells
i n al kaline 20 phosphatase activity after 7 days (Fig. 5), they could not

reach the stagegat avhivhlichheyewewerabhpltotbebesghpuliivneddakreerssdays
(Figs 12 and 13). After 7 days of prolonged culture, proliferation was
recogni zed tdams (Figs. 6 and 7). After 7 days of prolonged 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 ethanol
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




certain degree, though far below that of the cells in the 25 illustrative
experinment (Figs. 14 and 15). The cells in each Petri dish were fixed with
‘par af ornal dehyde and ethanol and stained with Vector Red al kal i ne
phosphat ase 21 substrate (Vector Labs), and a few successfully stained

col oni es were observed (Fig. 16). EXAMPLE 3 Cynonol gus nonkey ES cells
subcul tured for 35 5 passages were harvesé d fromthree 90-nmm Petri di shes
and treated by a method simlar to that | oyed in Exanple 1 to give a

cel | preci pi ke, the Geid Ridat ) Ji, of
cryopreservation ﬁédiu§1 éﬁﬁ%ﬁgf@%Q'o%ﬁggésF%ﬁ@%ﬂg?%%ﬁ%&gkﬂoﬁp%ﬁ“ O, 40%
(V/V) 10 of senumikephaceMelseea 48%(VaY) of medium (A). The cell
suspensi on was transferred to a serumtube, Trefrigerated to -80'C at a

rate of abougxiAMeim n in M. Frosty (Nalgen) and stored in a liquid
nitrogen container for 5 day. The cells were thawed and conti nuously 15

subcul tured in dughc@@ud mrKEp B8l lde1disshesHdt tilieg i wy descri bed in
Suenori et al. (2001 Dev. Dyn. Cct;222(2):273-9). Differentiation potency

was assessedpakiaetOwepas sageestEae reehl $heee 9di-sH0eeat-ad Jfi oM.t Re et ri
20 di shes, and 5x10 6 cells were suspended in 0.5 m of a phosphate buffer

and i ntraper ittreacald by aj eetkdd stiaidetDromcbar Ehglaved War exhagikon about
6 weeks, and teratomas were isolated fromthe abdonen. Cbservation of
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 sematoxylinweosin staining revealed formation of

nerves, muscles and cartilage and demonstrated retention

of pluripotency (Fig. 17).




the teratomas. after Bouin fixation, paraffin sectioning 25 and
semat oxyl i n-eosin staining reveal ed formation of nerves, nuscles and
cartilage and denonstrated retention of pluripotency (Fig. 17). 22 EXAVPLE
4 Cynonol gus nonkey ES cells subcultured for 35 passages were harvested
fromforty-eight 60-nm Petri dishes each carrying 4x106 cells and treated
by a nethod 5 simlar to that enployed in 5xanp|e 1 to give a cel
precipitate. The cell precipitate was restl pended in 2 m of

cryopr eser vagk@mpigdisza each consisting of 12%(V/V) [=13.2 (WV)], 15%
(MV) [=16.5% (WV)], 20% (VIV) [= 22% (WV)] or 30% (V/V) [= 33% (WV)]
of DNVBO and equale kb MERNINGHI AN ST SN RURAI AGBIRN =LAz fnd medi um (A)

at a cell density of 3.2x107 cells/2 m, transferred to serumtubes in

duplicate, rebiisagid! §rio 8Qesrled thdke ot ,ARAWHN 1 Goi, ipd Wi Frosty

(Nal gen) and stored in a |liquid nitrogen confainer for 5 days. 15 In a
conparative edpeeism@alch eahlrySugPangiobnsel Ns2anfl cPEacbyopyeseh¥ahibgn medi a

each consisting of 10%(V/V) [= 11% (WV)] or 50% (V/V) [= 55% (WYV)] of
DMVBO and s eqédmidamcent takitormpdbyser UM pephaaemento Akvand wadilum (A)
were prepared at a cell density of 3.2x107 cells/2 m, 20 transferred to
serum t ubes predipliiteate, Ahéowedltprsetintitatt W&sf pesdspedasa tafpigerated
to -80C at a rate of about 1C/mn in M. Frosty (Nalgen) and stored in a
| i qui d nitrogénofortryioperskeavalidaysedia each consisting of 12% (V/V)

[= 13.2 (W/V})], 15% (V/V) [= 16.5% (W/V)], 20% (V/V) [=

22% (W/V}] 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 3.2x10’ 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

ligquid 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




Théeé cells were thawed, plated in 60-mm Petri dishes 25
cultured in the nediumdescribed in Suenori et al. (200
222(2)»273-9). After 2, 4, 6 and 7 days, ES cell prolife
assessed by al kal i ne phosphat ase assay as described in

days of culture, the cells on each Petri dish was di sso
tripsinization and counted. The tine- depﬁgdent i ncrease
phosphatase 5 activity (Fig. 18) at all concentratio

i ['Tustrative sexReldREMNy, NH-080LS SHIGES e sty &8l lad
dish in the ? dayscu ?%}g wgé re%ggkab 'y gf%gter at%%ﬁ%

15% (VIV)  16:aolW )] Apde20% a¥{Y) oF=ca2%ut¥W Vihet Bé@

conmpar ati ve experinent, which indicates that practical

in duplicate and

1 Dev. Dyn. Cct;

rati on was 23

Exanple 1. After 7

ci ated by

in al kaline

ns enployed in the
lbegprrﬁetrl

concentrations of

1khgh kAchhe 10
DMSO concentrati ons

range from 15%e\W Wi stho w3@%i Wabki altlelag b&/lgklp@ﬂll 758 iiohdiseRt e drtalg DMSO

concentrations between 15% (WYV) and 25%

(WV) were preferred. EXAMPLE 5

15 Cynor nol gusemeikey debe@lcnt SwRewalser a6h akaldnddphoages tw@iee harvested
fromthirty-two 60-nm Petri dishes each carrying 2.8x106 cells and treated
by a nethodasitiiat, t(@ighatlsgnplronad itheExamples thatcd ogisvempl geld in
precipitate. The cell precipitate was resuspended 20 in 2 m of

cryopr eser vatchen iiddisa readlyeC @xpiestimeg tofi nti%a te¥ Yudces
(MV) [=25.2% (WV)] or 30% (V/IV) [= 37.8% (WV)] of g

EZud% (W) ], 20%
| ycerin, instead of

DVSO, 20% (VYL cbusdr perr Sgltadenent: (A) tded 7t Maybavdneoeeofvamedi um

remarkably greater at DMSO concentrations of

15% (Vv/V) [=

16.5% (W/V)] and 20% (V/V) [= 22% (W/V)] than that in the

16 comparative experiment, which indicates that

DMSO concentrations range from 15% (W/V) to

practical

30% (W/v)

(Fig. 19). Fig. 16 indicates that DMSO concentrations

between 15% (W/V} and 25% (W/V) were preferr

EXAMPLE 5

ed,

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 tc that employed in Example 1

to give a

cell precipitate. The cell precipitate was resuspended

200 in 2 ml of cryopreservation media each consi

(v/v) [= 12.6% (W/V)], 20% (V/V) [= 25.2% (W

(v/v)y [= 37.8% (W/V)] of glycerin, instead o
{(V/V) of serum replacement (&) and the balan
(A) at a cell density of 2.2x107 cells/2 ml,
25 to gserum tubeg in duplicate, refrigerated to

rate of about 1°C/min in Mr., Frosty {Nalgen)

in a liquid nitrogen container for 1 day.

sting of 10%
/V)] or 30%
f DMSO, 20%
ce of medium
transferred
—80°C at a

and stored




(A at a cell density of 2.2x107 cells/2 m, transferred 25 to serum tubes
in duplicate, refrigerated to -80C at a rate of about 1C/mn in M. Frosty
(Nal gem) and stored in a liquid nitrogen container for 1 day. 24 1In a
conparative experinent, cell suspensions in 2 m of a cryopreservation

medi um consi sting of 5% (V/V) 6.3% (WV)l of glycerin, 20% (V/V) of serum
repl acenment (A) and the bal ance of nedi (A) were prepared at a cell 5
density of 2.2 X107 cell/2 m, transferred® to serumtubes in duplicate,

al lowed to stand gt AQGri@hka2 ;RRUF Jisfirger. d - 8Q. a rate of
about 100/ mn in M. Frmfggtr;? (lNaI 52‘%@ éLnd ngt'or%tc}ql r?tu%qe?%uji é%ﬁn]t%r ozgen

container fan 3f£daycriBplB8eceohksohnmeasinSebum:t¥has Wer @yt havwed, |-

directly plated on 60-nmm Petri dishes in duplicate wthout centrifugation

and cul tur edei. B3t he/0edi B deseeirhad oy Yo brebedlim RPAALRLADYN.
Qct; 222(2):273-9). After 2,4,6 and 8 days, ES cell proliferation was 15

assessed by ahkahhgetpBobahahaseod@smayias qRjCiiRedprBpaExamkeslcAfiter 8
days of culture, the cells on each Petri dish was di ssociated by

tripsini zati denatdycoetinted=10Catoni 5 wf, ltramofetpsd@eto f srRA onpébe Petri
di shes for the respective concentrations were visually counted. 20

Successful ciyopupseecsati oaldaweaonbi EEBHAAbYLI ner egsEe 3 Mmowkkal i ne
phosphat ase activity after 8 days of culture at all the glycerin

concentrati onefbiiteb&ted/ ¥ 808 3% { Wahd oh dthes€ormuamdl ie, experi nent
(Fig. 20). The cell
Frosty (Nalgen) and stored in a liquid nitrogen container
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 ¢f 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




count per Petri dish in the 8 day culture was remarkably 25 great at
glycerin concentrations of 10%(V/V) [= 12.6% (WV)I and 20% (V/IV) [=
25.2% (WV)I (Fig. 21), and formation of ES cell colonies was confirned at
glycerin 25 concentrations of 10% (V/V) [= 12.6% (WV)| or above. These
results indicate successful cryopreservation of primate ES cells using a
cryoprotectant other than DMSO and prefe %ed cryoprotectant concentrations
of from12% 5 (WV) to 30% (WYV) EXAMPLE Q/nom)l gus nonkey ES cells

subcul tured tQhcdht RRISAGE I stred fr Si Petri
di shes each carrying 2. X%g\gqcogdl p?/éﬁd [tréLazt %? w‘/w )% g‘%fg)gs'i mlar to

t hat e”D'Oyeéhb@eE&@@Bh%sl15@1&%%% %u%%@ssfﬁﬁe%' @%%efvgif5ll
precipitate was resuspended in 2 & Cryopr&servation e

consi sting obr2Q¥-EVE 225 I er
repl acerre%t %X) a(r?d %&)e?\i;ls\/)%%glyngélcj%fo A) gt':t%gfél) 6}@% ?F’é”‘? 0 1 Oox107

15 cel l s/ 2 ﬁhndZpre@%i@édc@E&@b%oﬁbc&@@t4con@%%@?a%ﬁbh%/%f”kronFﬁ%@§ferred
to serumtubes in duplicate, refrigerated to -80cC at a rate of about

1'Cmn in M{w/Fhosby 30Kal(ger) . and stored in a liquid nitrogen container
for 18 days. In a conparative experinment, cell suspensions in 2 20 m of a
cryopr eser vaEXaMPoEdbum consi sting of 10% (V/IV) [= 11% (WV)I, 45% (V/IV)

of serumreplacenent (A) and 45% (V/V) of nedium (A) were prepared at cell
densities of |.OyinOhodghlss @niey ZS cOXIQ7 seaddduS/t2irdd @vd 41 OX107

cells/2 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, 2.0x107 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
200 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, 2.0x10" cells/2 ml and 4.0x107 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.




m, transferred to serumtubes in duplicate, refrigerated 25 to -80'C at a
rate of about 1'C/mn in M. Frosty (Nalgen) and stored in a liquid
‘nitrogen container for 18 days. 26 The cells in each serumtubes were

t hawed, plated in 60-nm Petri dishes in duplicate and cultured in the

medi um described in Suermpri et al. (2001 Dev. Dyn. Cct;222(2):273-9). 5
After 2, 4, 6 and 8 days, ES cell prollferatlon was assessed by al kal i ne
phosphat ase assay as described in Exanpl% 1. After 8 days of culture, the

cel I's on each Paiyd diish vas Jlssaai.abed i d rinsl nhzallon and counted.

In the illustrative experinent using e cryopreserva 301

cont ai ni ng_ 2% (W Y0 BYBRsalikali,g 1p0sPhaLASE ) AGLiLY dhcr eased

faster at any cell densities than nparative expériment (Fig. 23).
The cel | COUREARER degt:wlb@asanafshe;m&dwaqf GYlobyr Bayas phgeater than
that in the conparative experinent, though tends to increase 15 with the

storage cel | pdensbby2)whizghoi ndlcates that increase in cryoprotectant
concentration has greater e#fect than increase in freezing cell density

(Fig. 24)s EXAMRIglee#7 2Qynong gus @D'alléﬁr)é Esceldis phaulred-6d Jolwadtd 20
passages were harvested fromforty-ei ght 60-mm Petri dishes each carrying

4. OX106 cel hssaBdetir egt adkhyine pRbBPHashEEl akshy hBaticappliexedihn Exanple
1 togive a cell precipitate. The cell precipitate was resuspended

Example 1. After 8 days 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 (A), with the combination of 40% (V/V) of serum




in2 mM of cryopreservation nedia containing 20% (V/V) 25 22% (WV)| of
DVBO wi th the conbination of 10% (V/V) of serumreplacenment (A) or feta
bovi ne*serum and 70% (V/V) of nedium (A), with the conbination of 40%
(VIV) of serum 27 replacenent (A) or fetal bovine serumand 40% (V/V) of
medi um (A) or with 80% (V/V) of serun1rep|acenent (A) or fetal bovine
serumat a cell density of 3.2xI 07 cellsg% transferred to serum tubes
in duplicate, refrigerated 5 to -800C at rate of about 1'C/min in M.

Frosty (Nal geph a@Rehes0n@d i} & dtiaquindAinks %%mcggfaahl%get ROy dlsfdays The

cells in each serun1tubes wer e thawed, plate Hes in

duplicate angegyhiired of Wien wod U/49S G @%qu&rn Iégqmre'me%tt a('pﬂ (2001
Dev. Dyn. 10 Cct; 222(2) 273-9). After 2, 4, and ays, ES cel

proliferati ofetas Hasseesedrv alkkal b@mp@%@h%&a%% 3593y pAscdesgyhbed in
Exanple 1. After 7 days of culture, the cells on each Petri dish was

di ssoci ated By ,t tirpsisfezabidorocaRedre@URi@ds i Aupdlat@)Cerlfial e%%e@if the
nedlun1supplenents al kal i ne phosphatase activity increased (Fig. 25), and

the cell scowstiBg°pestPetracdi sh abbeE Yodays ofn ok t W paye similar
results (Fig. 26) . Successful cryopreservation was confirmed at any

suppl enent cdNeénenat bads stblredghn?2@ Qhyopdesdtyalienn cehftiadnerc\fotresded to
be better at | ow supplenment concentrations, irrespective of the kind of
suppl enent. BXANPLETBe 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 Oct;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




Cyronol gus nonkey ES cells subcultured for 32 25 passages were harvested
fromthirty-two 60-mm Petri di shes each carrying 2.8xl106 cells and treated
by a nethod simlar to that enployed in Exanple 1 to give a 28 cel
precipitate. The cell precipitate was resuspended in 2 m of a
cryopreservation nmedi umconsisting of 20% (V/V) [= 22% (WV)] of DVSO 20%
(VIV) of serum replacenent (A and GO (M V) of nedium (A) at 2.2 X107 5
cells/2 mM, transferred to serumtubes in duplicate, refrigerated to -80'C

at a rate of ca@Qubrbc%mtatbn Mihe EéPﬁt};Yré&\PﬂJQEQQeasl?&issfé’éﬁ’gpéﬂd@d' i quid
nitrogen container for In a conparative experinment, a cel

suspensi on i An27 KO Bk afc§ 6 YeREeS8EY3hi RBANRAI BBheeRSH Bl BE Qh%1096(V7V)
[= 11% (W V)1 of DMSO 20@6?. V) of serumreplacenent (A) "and 70% of

nmedi um (A) wag/pyepar edsatwaveel brdemsbt y20k (/2% 087 seelbs/ 2 m
transferred to serun1tubes in duplicate, refrigerated to -80'C at arate

of about 15 fefliatameAtM(a)Feagt $oeNalgen) odngegtiamedalnad bi.guild’™ nitrogen
container for 1 day. The cells in each serumtubes were thawed, plated in
60- nm Petsi desheg2i nldupkbaateraed cul sureas tﬂbbbelnnadpmﬁbdescrlbed in
Suenori et al. (2001 Dev. Dyn. Cct; 20 222(2).273-9). After 2, 4 and 6
days of cultue€rigéraekll tprobioferati anmraws assgisset AC/alikalirmedr.

phosphat ase assay as described in Exanple 1. After 6 days of culture, the
Frosty {Nalgen) and stored in a ligquid 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 (&) 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 ligquid

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. Qct;

20 222(2):273-9).

After 2, 4 and 6 days of culture, ES cell
preoliferation was assessed by alkaline phosphatase assay
as described in Example 1. aAfter 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




cel'ls on each Petri dish was di ssociated by 25 tripsinization and counted.
Al kal i ne phosphatase activity increased significantly faster in the
illustrative experinment enploying a DMSO concentration of 29 20% (V/V) [=
22% (WV)I than in the conparative experinment (Fig. 27). The cell count
per Petri dish after 6 days of culture at a DMSO concentration of 20%
(MV) [= 22%5 (WV)Il in the illustrative % perinment was 6 tinmes greater
than that at a DMSO concentration of 10% IV) [= 11% (WV)] in the
conparative eyperk it (Fiogs %gq)/v Theugh ;Examl e % a@(ytgq,teed that | ow
suppl enment concentratl ons facil |tate cryopreservat It 1s denonstrated
that |ow 10 gupRhement q@lgenbrations do not have as chh effect as high
cryoprotectant concentrations. It is also confirmed that | ow suppl enment

concentrations amg e 1efdRGiH Wor Weah icimed vut i Gl cancentrati ons
of DVSO. | NDUSTRI AL APPLI CABILI'TY 15 The present invention enables sinple

cryopreservacuQruek Bk BRDBISES cetlls tWalth ohi @i wioabiki/ky. [=Cropgpreservation
using a serumreplacenment containing albumn, insulin and transferrin can

prevent i f fienyemt]i ahi ehe ada@@draytlmk@&w@rfia@mr Salsh 6selitids P eBesirdes,
because all the procedures fromculture through storage can be carried out
W t hout serathuase thbtEStceal DeISCobhbakcead rby ithe ofir agent(vi/myert= ang n
regenerative nmedicine and gene therapy can obviate risks of

(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 cof 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




contam nati on by unknown pathogens in sera. 25 30 CLAIMS 1. A
.cryopreservation nmediumfor primte enbryonic stemcells containing a
cryoprotectant at a concentration of from12% (WV) to 50% (WV). 5 2. The
cryopreservation nmedium according to Claim1l, wherein the concentration of
the cryoprotectant is from 15% (WV) to 30% (WV). 3. The cryopreservation
medi um according to Caiml or 2, which ntai ns at | east one conponent
selected fromthe 10 group consisting of” di methyl sul foxide, glycerin,

et hyl ene gl ycol, propyl ene glycol and %nyl pyrrolidone as the
cryoprotectant. 4. The cryopreservati fum according to any one of

Cainms | to 3, whekeyBpthgeeiioppat fetiath EsrdpieibYk edbruhiexisdemand/ or
glycerin. 5. The cryopreservation nediumaccording to Claim4, wherein the
cryoprotect antlils dbAethylingubf exiyéproaadtahs atonceshtahkentcisnf b@m 15%
(WV) to 30% (WV). 6. The cryopreservation nmedi umaccording to C aimd4,

20 wherein tlieonr YRRr oWev) and B8%gliwewdin, and its concentration is from
12% (WV) to 30% (WYV). 7. The cryopreservation nmedi um according to any one
of Caims 12toThBe whiohreeptahhspni medddnt ronotrdinhetocCyepmofect ant,
serum and/or a serumreplacenment at a 25 concentration of from10% (WV) to
85% (WV). wherein the concentration of the cryoprotectant is from

C

15% (W/V) to 30% (W/V).
3. The cryopreservation medium according to Claim 1 or 2,
which contains at least one component selected from the

10 group consisting of dimethyl sulfoxide, glycerin,
ethylene glycol, propylene glycoel and polyvinyl
pyrrolidone as the cryoprotectant.
4. The cryopreservation medium according to any one of
Claims 1 to 3, wherein the cryvoprotectant is dimethyl

is sulfoxide and/or glycerin.
5. The cryopreservation medium according to Claim 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 Claim 4,

20 wherein 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
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 B85% (W/V).
8. The cryopreservation medium according to any one of

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




8. ‘'The cryopreservati on nmedi um according to any one of Clains | to 6,
Wwhich contains, in addition to the 31 <cryoprotectant, serumat a
concentration of from10% (WV) to 50% (WV). 9. The cryopreservation

medi um according to Claim7 or 8 wherein the serumis fatal bovine serum
5 10. The cryopreservation nediumaccording to aim7, wherein the serum
repl acenent contains at | east one conponfft sel ected fromthe group
consisting of albumin or albumn substitutes, transferrin or transferrin

substitutes, 208 rBsHLERAR! SRSUN BeSHbsbhibhesatiBnlds FR8m 10%
cryopreservati on nmedi um according to Claim7 or 10, wherein the serum

repl acement q@ant/ai Ry 8hsl g@st;yone conponent sel ected fromthe group
consisting of albumn or albumn substitutes, transferrin or transferrin

substitutes, 9anghenshbbreseriadibh seBsLt Hbesrandgatoclblkeast; eres,
conponent selected fromthe group consisting of amno acids, vitam ns,

anti oxi dant syheekliagehepceeumnsqks fadad bbacaecekemrants. 12. The
cryopreservation nmedium according to any one of Clains 7 to 11, which
cont ai ns,s i nladdrheoeriyoptrbee2@atiypapmetiécimantcandiagr um andia Fer um
repl acenent, a basal nmediumfor animal tissue culture containing at |east
from O0.3% (Wh¥)etia B¥e( BeYimotrepgllacesentatoatadnsentr deken ohie from 10%
(WV) to 75% (WV). 13. A cryopreservation nethod for primte enbryonic
stem 25 cel tompenrytt belecryedr égenvabeonroapi gonadstdehigned iedbamin
or albumin substitutes, transferrin or transferrin
substitutes, and insulin or insulin substitutes.
10 11. The cryopreservation medium 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, wvitamins, antioxidants, collagen precursors
and trace elements.
12. The cryopreservation medium 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 cryopreservation method for primate embryonic stem
25 cells using the cryopreservation medium as defined in any

one of Claims 1 to 12, which comprises a step of

suspending primate embryonic stem cells in the




ong of Clains 1 to 12, which conprises a step of suspending prinmate
enbryonic stemcells in the 32 cryopreservation medium and a
refrigeration step of freezing the suspension of the prinate enbryonic
stem cells in the cryopreservation nmediumby cooling it to -80"C or
bel'ow, and a preservation step of storing the 5 frozen suspension of
primate enbryonic stemcells in the cryqueservatlon medi um 14, The
cryopreservation nmethod according to Claim 13, wherein the cooling rate in

the refri ger ak{6pr8Lkepvatioh! R82LNH, tQﬁdSHSPEQ:?hQBertlBHele[eb”Btfe errbryom c
stem 10 cells in the cryopreservati on mediumby cooling it to -80'C o
bel ow i s fropyBedifgt ehd0QGspeASHHAULE. the primate embryonic stem

cells in the cryopreservation medium by cooling it to

-80°C or below, and a preservation step of storing the

5 frozen suspension of primate embryonic stem cells in the

cryopreservation medium.

14. The cryopreservation method according to Claim 13,

wherein the cooling rate in the refrigeration step of

freezing the suspension of the primate embryonic stem

10 cells in the cryopreservation medium by cooling it to

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




