DESCRI PTI ON METHOD OF PRESERVI NG EARLY EMBRYOS OF
EXPERI MENTAL ANI MALS BY VI TRI FI CATI ON Techni cal Field
The present invention relates to a nmethod of
preserving manmal i an early enbryos or ES cells by
vitrification. Background Art In experinental aninal
sciences and related in echni ques for
cryopreservi ng enbryos QﬁgbggﬁfK%% and fundanent al
for the production of animals or the preservation of
cell lines via reproduction technology or the like. In
METI2ODASE PRESERVENG EARLPBMBRYWY OR EXPEICIRAENTABIENIMALS BY
enbryos has been al ready inpl enented because of the
ease of sanpling (see NAKRIFIKATEONal ., Exp. Anim
46(3), 231-234, 1997). Wen early enbryos, such as rat
2cel | -stage enbryos, are preserved, however, the rate

fi%fér. val is poor. Such preservation does not yield
ny fetal developrment sinmilar to that obtained

fro n ngham J.

Repr i PSRy GHRY 09abE38. £ ptngd B pleBIVRR miprggian cary
emBBk bPESRENOBY vRAficARA3, 1851-1863). Thus, there are

many i ssues to be resol ved regarding technlques for

cryopreserving experinental animal enbryos. In

contrast, it has been expected that primate ES cells
BackgeoypdtAtt o clinical use, such as the study of

devel opnent, the preparation of genetically engineered
ani I SXPeimentae an“@’@‘”’éné?‘ﬁf"?e\?e g drelatedt é‘&%ﬁ’ﬂ’kj’éestec}}fﬁq“es for
cry%?r%seerrvgn(ﬁf tefe]{l)%go%térg %1"1 c t | l %ttn%,alsn%%{eéégo tg? yrci%uctloq ?th aerals or the

preﬁé?@@tﬁmc&l deB IR s&id) fe%%du%ﬁ&? MchnolBES DEHELLAE In the case of mice,
mul tiplied cells, and provide the anmpbunt required at

the tph€setvation Off 2¢8H,stageUnibi®@ss heebtenCalkdady Gmpdéddnitsd because of the
involves the risk of a mutation of traits, which
easmﬁmlmt(e@ Npraoderap al.i Brp. dnimod@(33.533d65134s hEWcel | s.

Sever al hn| ues for preserV|n primate ES cells
hav N Sy 5B F et 2! f e gmbas. 3fF drepgrigd, however,

the h%ageh go%in&{g'u ngln{)%e p{ \é.slal%ﬁl\l% eser&%leo%ﬁb% oftf 15.91 5 1 §a3§ of fetal

dev@l‘%}‘}ﬁx\éﬁf mmﬂﬁf"fb ﬂ%ﬁ&lﬂﬁﬁ&@d %ha)’uxﬁ%(é&"érﬂ@x?@i Yseg@ i@ WhitdERham, J.
clunmps. A nethod that can -sinul taneously

Reppéd SBdry,e1 97 5|, a3y 5 M5ui8erandf MES. CHhi et i ., itidirlogbidogys &0, 2003,
1851F-l'IIJ8I6??)lfa’Th-1rl.s, ?ltlerealéré many issues to be resolved regarding techniques for
cryopreserving experimental animal embryos.

In contrast, it has been expected that primate ES cells are put to clinical use,
such as the study of development, the preparation of genetically engineered animals, or
the regenerative medical techniques. In order to effectively utilize such ES celis for the
aforementioned purposes, it is necessary to multiply these cells to a great extent,
preserve the multiplied cells, and provide the amount required at the time of use,
Further, cell culture usually involves the risk of a mutation of traits, which necessitates

preservation of some established cells. Several techniques for preserving primate ES

cells -have been already reported. A method that yields a high rate of cell survival
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2004, Int. J. Dev. Biol., 48: 1149-1154), although the
rate of cell survival after thawis as |ow as 10%to
20% Accordingly, devel opnent of a method that enabl es
si mul taneous preservation of a |arge nunmber of ES
cells, yields a high rate of cell survival after thaw,

apd .al | mai nt enance of an undifferentiated state
(sofeutieth Bafart da 2001, Human Benromn ok 16nHp: H-rZdé7-2104), however,
' ction. of a sol,uti j hj.gh content of
car, RrbHC b0 o@PeaBimiRiy 1 b 901 R P BB o B e et can
e . Y 3 b
srAUREARD, ks e beE L U B GAK0 0yl (B0 LRA T ot .
2004/ 14t 1fD&BIAN 485 VDS BIFu), alithug Bk Q4 of el sBRPRPARAOBRaw is as
where a sol ution becones solidified instead of being

love py $0%Itb i208d. Ackowdinglgt devefoptreohof gjurshddathet Gebies simultaneous
devel oped to preserve aninmal cells via vitrification,
prepgfaiiaay of 2 laggeenuiaberpd &9 ¢edlspyiekls mhigh oaie o€ ctlhisepvivat after thaw,
earl.y. enbryqs or e | ES cel ls that can
aﬂ{@Lﬂ‘*&F %ﬂ*ﬁf@gﬁ@&?@%@%@%@%@ Bes besnseradtre of the
]lc ”V%Phhsoﬂeelh&o%e&;ﬁ{‘ iré(ﬂ\{ﬁt%du?[:goﬁ) %! s%ﬁfb@% \?11‘%}1 %tllngﬁ] content of
or preserving aninmal early enpryos  "or cel'l’'s By

cry¥protdctiv€ agdn® tntd MiGuil ARbBAHof RRuiRESSLeN F3Y 4R if SittiBication of
by vitrification. The present i nventors have conducted

a solwtiosndathet abls codtatiization ctherebg T essy Veildifcatioh” rsaabstantially
2cel | -stage enbryos and primate ES cells. They
reftaiet prmemenen woEre swileidndrecomas solaliBed inatsiad of being crystallized.

BB T 05 e Sy Wk s,
e LR T e T —

ES SARGhE Gakkdld ahiish RESSRRI bAeRti on is as follows. [1]
A solution for preserving manmal i an early enbryos or

ES cells by wvitrification conprising, as a base
material, a phosphate buffer that exclusively contains

Disqlosgre of tsolnpsntion propyl ene glycol as pol yhydric
R TENY XA T A O
i . . lusi. .
or ESTR8: BR ety io fatt RRth Bor ek d8tn FOB s ik i o
to Pha6 prekomk ket hley CndasedOboierhied h@RROIEncerning
and further contains 15%to 25% (v/v) Percoll(r) and

- pres@rvatih b rit. ZseMssgereatheyod &id driveats @utdlzn ey developed a novel
preserving mammal i an early enmbryos or ES cells by
soluipr rthef énspigablaclenripssgving paphmebam rdaglyngmbodster §80cells by

.../ 100 NaCl , 15 to, 25 /,100
v1tr1r111gat}on. nilhe:y ago developed a method for preservation by vitrification using such

solution, ihereby completing the present invention.

Specifically, the present invention is as follows.

[1] A solution for preserving mammalian early embryos or ES cells by
vitrification comprising, as a base material, a phosphate buffer that exclusively contains
- 10% to 15% (v/v) propylene glycol as polyhydric alcohol.

[2] A solution for preserving mammalian early embryos or ES cells by

vitrification comprising, as a base material, a phosphate buffer that exclusively contains



m KC, 8 to 15 ng/100 mM CaCl2, 15 to 25 ng/100 ni
KH2PO4, 7.5 to 12.5 ng/ 100 M MyCl2. 6H20, 100 to 130
ng/ 100 M Na2HPO4, 3 to 4 ng/ 100 ml Na pyruvate, 75 to
125 ng/100 mM glucose, 5 to 10 ng/ 100 m antibiotics,
250 to 350 ng/ 100 ml BSA, and 10% to 15% (v/Vv)

1SR B Pyt Y Rl P8 2R LR o) o RRF B apivyari
SRS Dl PR O BTS00 05 Do

to 23] el Quildn W?@@etv?ng’s mhdhdlian ERY ]e%brfﬂs or ES cells by
MyCl2. 6H20O, 100 to 130 ng/ 100 m Na2HPO4, 3 to 4

vitifjéatidn aetolmgipr{ty admprisihg 700 12900 i/ 100miiNagil uCoELe25 Mg/100
to 10 ng/100 M antibiotics, 250 to 350 ng/ 100 m BSA,
ml K§% 8 ¢0 1359%/100 w] CoChp}$ ends ghgy/td ml XG94P0o, B5% (12/5ving/100 m]

et hyl ene %:ycol, 15%to 25% (Vv/Vv) Percollé\%a)(, and 0.2
Mef#lx 18,5 0ta 480 agsl 00 m) NapEiRfD 443 torf mat! 0 med & myrigate. 75 to 125

e AR5 L RO RSar BRGS0 oo MBS 0

to 1% 10.R5,. M/ 100 m KO, 8 to 15 ng/100
° Ca%:f*?g%%’ﬂ’?s- 2%1%&5/ 100 M KH2PO4, 7.5 to 12.5 g/l 00

M WCTRE HutiohOGort PredctVind0 hkdthn MMl anNaZNP@hbrybst 8r £S cells by
nmg/ 100 mM Na pyruvate, 75 to 125 ng/100 m gl ucose, 5

vitrifecation mgéak@idgrtd [2h¢dnprsing 200 am80Q 5@/109 B5Nakly/ 160G 24 mg/100
with the solution for {)reservati on b

BSA,
ml 54§ 19 ExmedtP0mbeadhnlp 1023 me/ b(?%@bﬁbaoit%éﬂ%ilﬁﬁdpgfdw ml
t [ f 06 t.0..100Q% V), T sol uti.o
MefBRIER, 1Bh T el G ¥ o bbb it © 125
i t i e 1o
mef1d0 skt S 0 A RE DO, AC RIS, 250 82510 pENOAAPEAAC 10% o
15% 1(e5erptapyleie Rlycw), 154 it6 e NvAgCandend slyRol,615% to 25% (v/v)
wherein the manmalian 2cel |l -stage enbryos are rat
Perandi®,|and t0a2y b ®rfh5 Wbsucsosd. t he manmal i an ES cells are

primate ES cells. [8] A reagent kit for preservi n{%
il Parfolbien yfos npreys¥ing, nagipalians epRly  smbryes jog aESofells by

m
. rising.the solution accordi to 3
vie R PPt g ec Hong oSG 57 79 48 o mgd o g 15 o 23
- 5 S
e/ EOSENCH ] 85 B RRELY CHEITHTTR 2551 fy SRS 79 1 12
mg/100 o 8 CI9EHLO SER t3 188 Inlg/ 1 (Rl NG HBOL, B to0NmbA00 tfleNa pyruvate,

mammal i an early enbryos or ES cells preserved by
- 75 tgil2h inig/tea imd glusosd, &itnilAgng/d80 anlbmibiotics, and 250 to 350 mg/100 ml

BSA, with the solution for preservation by vitrification according to [4] dissolved
therein at a concentration of 75% to 100% (v/v).

[6] The solution for preservation by vitrification according to any of [1] te [5],
wherein the mammalian early embryos are mammalian 2cell-stage embryos.

[7] The selution for preservation by vitrification according to [6], wherein the
mammalian 2cell-stage embryos are rat 2cell-stage embryos and the mammalian ES cells
are primate ES cells.

'[8] A reagent kit for preserving mammalian early embryos or ES cells by

vitrification comprising the solution according to [1] or [3] and the solution according to
3



material, a phosphate buffer containing 0.2 Mto 0.5 M
sucrose. [10] The reagent kit for preserving manmal i an
early enbryos or ES cells by wvitrification according
to [9], which conprises a cell-thawi ng solution for
the mammalian earl y enbryos or .ES cells preserved by
VL‘QHH ation containing, as a base material, a
[Z]p S‘Hh[é ‘e buffer consisting of 700 to 900 ng/l 00 m
NadCl to 25 o/l 00 . K 1 I
caciS) The Pagen WRfor ekt EtpfUpyrdl & B oets by
vitﬂhcatﬁﬂ%oa%c'rﬁ%% %g,owh&h]ﬁrtgeﬁ%ﬂl £ 1l cefed 1 s8lutdnor the
ng/ 1 00 n? pyruvate, 75 to 12pS ng/ 100 mM gl ucose,
mammiad @afTy/ck®dPyd¥l 0:2BS i del19presived B HitrifelionWohthifth, as a base
BSA, and 0.2 Mto 0.5 Msucrose. [11 ) The reagent
mateirial, fagrhopphesdraffer icomalmyng/ 0 LV fi¢ 8 dtMoncmeeor di ng t o any
of [8].to [10], wherein the manmalian early enbryos
are | ¢ repgeticldl [fors pregervingpmemdalipn pprlyaibrgegyeh S cells by
. ki.t for preservati by.vitrification according t
vitgifagion, ALORRRE o d0lra it HPmPISHY S labemgRy Sglulipp for the
- - e .
a5 Sy SRR PP B TGRS S GELI. o o ue

matFRAT B! J1REpHRR! huffe? HBh MOS8 1D ©el00Sn@Y00 WiltNAdl] tHtd 29 mg/100
conprising steps of pretreating: mammalian early

ml @y § o5 19D megAI0ael CacCinl s he2s sod/ a0 mh KEHP Oy 2S5do V&t mg/100 ml
y vitrification accordin and

Mggﬂzy@éﬁasléﬁw 43 el 000l NestTRO & dons b it pyruvate, 75 to 125
mefJoS7s] itorays LS s ey Sl S (i By and 02

ES cells by wvitrification according to
Mt?%;}]?opé\wg({sgi n mammal i an early enbryos or ES cells are

| Mg §eThd Ragdh® k0ol hkBrvhfbn P /§@IT¢ali 619 BecddYding to any of [8] to
vitrification according to [1] or [3] at room

[101, evhpecia tthe mathoialibn tarlyl @nhiyos iespamimelismPerll-gtags embiyen
allowed to stand at OCto 5 C for _ 30 seconds to 2 ]
nmi nuiBsTheaxqagenh kitrfer prasprvgtien by vitgHcationcasrepties & [idd, wherein

in 40 to 60 tines its volu f the solution,.for .
the Fpaguppid Jo M- SAEC AT 5 81 PORC AR P b fhe gpmalian ES
I e nmet hod of preserving mammal i an earl
ceﬂgﬁf)%ééﬂsla%:ﬁg]lgﬁgel s by 4 vi |tori ficati gn according to d

[ 13]13r Al ktkhodMeer ficBerivhi WRIFRAlZAN BB | SnIRFHS V@S EBN €ells by
manmal i an 2cel | -stage enbryos. [16] The net hod of
vitriffoatien vomprisimgseps ahpreaehtingembmynelam earBSembiylos ob¥ES cells in the
vitrification according to [15], wherein _the mamralian
solupiog| for presefaatiorbby yitrificatiorpaccording to [1] or [3] and cryopreserving the
cells in the solution for preservation by vitriﬁcation according to [2], [4], or [5].

[14] The method of preserving mammalian early embryos or ES cells by
vitrification according to [13], wherein mammalian early embryos or ES cells are
immersed in the solution for preservation by vitrification according to [1] or [3] at room
temperature for 5 to 10 minutes, the solution is then allowed to stand at 0°C to 5°C for
30 seconds to 2 minutes, and the resulting solution is cryopreserved in 40 to 60 times its

volume of the solution for preservation by vitrification according to {2], [4], or [5].

[15] The method of preserving mammalian early embryos or ES cells by
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2cel | -stage enbryos and the manmalian ES cells are

primate ES cells. The solution for preservation by

vitrification according to the present invention is

suitably used for preserving aninmal early enbryos or

ES cells, such as rat 2cell-stage enbryos or primate

ES cells. Wien aninmal early enbryos or ES ceIIs are
VItreffl%sv asePiiing 9 d13her th o‘éih‘%ff’mp thes grapmglign pafly embryos are

Vlt éeﬁtlon ac ordlng to the present invention that
ma@ﬁﬁ @@ Sa@%Pﬂ W8% for preservation by vitrification

accordfl iflo LML o85G el BYFBIION. olORAES oPES cells by

cel urviva etrieva be achi eve

wtﬁﬁéaﬁfm dcBaMingBid ¢ 51D ekdiR the Mm&hmalen Deandsh@s drhiet ]yosl are rat

shows the correl ation between the survival rates o

2cetiaitdgs enftireds drdane anthmabian BY aitie agd pimbte EhedBt r at i on
"in P10. Fig. 2 shows the correlation between the

survival rates of ES cells after thaw and PEPeS

concentration. Fig. 3 shows condjtions of éolid ) .
sur fThe solutiep J%E@aerwloméwe‘etré%%@ﬁt%ca?q 58 01 f gresgnt invention

. f

e L e R R

emtﬁ“ SEAEt)rt %ﬁn{]@éuﬁﬂ Sclifs. PTRAEhVhilghad Pirly %mﬁr_y/onorE%SC &ells are
nes by the nethod of the present I1'nvention. 6

cry(ﬁﬁ@éﬁ@veﬁhﬁa tBS Wheltlfodobf presdrtatigh by Grltﬂiﬁcm‘ﬂ@ﬁhcdﬁﬁhﬁg |td) she present
preserved by vitrification. Fig. 7 shows the results

invegftion gbéti emplogs dboselutie ddropresenvaivit byt-hgifipstionfacedrding to the
mar noset ES cell s preserved by vitrification

presopl ¥ eRiEn. gl taterert cllovuryivgl dndeheslbretrieval sen be pohjeved after

thafor preserving manmmal i an early enbryos or ES cells by
Witrification according to the present invention

conprises, as a base material, a phosphate buffer.

Exanpl es of such sol ution i ncl ude P10 conprising a

Brigfuxtisérigton s phawaghuf fer (PB1) and propyl ene gl ycol
and PEPeS conprising PBl, propylene glycol, ethylene
gl yEi@. ] skews thel c(orr)elatland\\etsﬂmn@seesumml eyt iESceslls 26ier thaw and
900 nq/lOO m, and preferably 800 ng/ mi, NaCl; 15 to
propyleneglyend cancentAtomnR G abl y 20 ng/ M, KO 8 to 15

rTg/ 1:~l 2“1'10\;&':‘;Jl B’ld orrefa%[n{i1 tBet%veen the survival rates of ES cells after thaw and

PEPeS concentration.
Fig. 3 shows conditions of a solid surface influenced by PEPeS concentration.

Fig. 4 shows the survival rates of ES cells after thaw that had been preserved via

various techniques.

Fig. 5 shows the results of preserving a plurality of ES cell lines by the method

of the present invention.

Fig. 6 shows the results of staining the marmoset ES cells preserved by

vitrification.

Fig. 7 shows the results of testing teratoma development with the use of the

marmoset ES cells preserved by vitrification.



ng/ 100 m, CaCl2; 15 to 25 ng/100 m, and preferably
20 ng/ 100 M, KH2PO4; 7.5 to 12.5 ng/ 100 m, and
preferably 10 ng/ 100 m, MCl2. 6H20; 100 to 130 ng/ 100
m, and preferably 115 ng/100 m, Na2HPO4i 3 to 4

ng/ 100 m, and preferably 3.6 ng/100 m, Na pyruvate;

/ 0Q.. and preferably 100 ng/ 100 nl,
Preésrﬁ%(gglel%o%l B%fgther@yilgﬁ"& and pr ef er abl y 7 5 ng/ 100

pr ef er albs%dti.’sg%ofﬁ P%gn%rfgo %%Rﬁéﬂ typi @gl fr 5§, cclls by

vithSatidne a6uIMasi fol e ?ﬁes@ﬁm\ﬂﬂvenhﬁn TehhRisks, Eé Oa ibaise materlal a

prepared by adding 5%to 15% (v/v), preferably 10%to
phdsp¥atevbuffer. aBdamplas tdfcsichr bylupoefincladd W100861prisipg a modified

propyl ene glycol to PB 1. PEPeS is prepared by adding
shes s @kl meveiondl gysa) 1nd TEHS sorprivand DL, popyiee

rtlc r ef ny 10% (v/v), propylene glycol;
elySebethy fﬂr&‘tyf\?? f°° P HeEPsEh| y 30% (v/Vv), ethylene
gly 0/ \, . _
Per ad forgipn%:%? %’1 gﬁ/{nﬁ pr%?egglif ﬁ I%é{ ré%l)NaCI 15 to
25 ?&g?l@tﬁﬁﬂt &dPﬁéferémf z@%gﬂ rn@nKt:rJrs B e5ehy/800 8, Bvd preferably 12

rification according to the present invention does

mghg0 mpadly) 1glty OSrag/100 g ke tphaftably 2 yedl00 mi, KH,PO,; 7.5 to
excl usi vely contains propyl ene glycol or propylene
12.§Ima/ 00 mhdind prsferably 1§l pedio0asl, Masly hiladi H0atod3hchg/100 ml, and

e solution for preservation by vitrificatio
Pregre@&r c}.iﬁgn&/ 504 wé N??H—%En? tp Amaflof mlysad prgera Elérn% §img/100 ml,
dlnet eS B her h.
Na Igénflv SLSJ%STIDG at® &1:3,9 conc Iye ergli’lP’o o]fng'ggsb 16 gj!\t%ﬁfe 5 to 10
mgr(mb\{ﬁb aﬁ'@ Hrelpdr 816 720/ 100 %, q)enik@rﬁr@d V250850 mg/100 ml, and
af orement i oned 3ol ution may conprise ot her
prefefiblPi300 NGB 106mEIBSS.  Attypieklope o PBI1 Igenhatytapdkition as shown

~ instead of penicillin G and it may be conposed of a
inTgbjsi iral ity of constituents. Also, the solution nay

[ KE10h SEaErodD SR8 P, | 9ouy e THEREAN Do) 3% ), and
parttlaﬁmﬁ 3)?%”}01) ))'“f??t W ap%o&%lctnaer g]‘%olc?o :P%lt OP%FS is prepared by

y Vi are iran éear
addﬁiébf%ot% 1%@@51%}&&&;1?%%' 19@?@!@%@ aerﬂ‘@ﬁlxﬂﬁ fp?efembly 10%°
stages are not species are preferably
(v/v) op@piEne ghibl; I’ﬁﬂ’/ﬁim 351%d(vl7’®)d end Jrefpably BOthavlwy, cthadeae glycol;
are nore preferable. 2cell-stage enbr 0s are
15%rtef 2¥%b(wv), Tind PlafﬂgebIYoio%p(‘dShrMWl ; lapd 0.2M to 0.5M, and
V|tr|f|cat|on according to the pres |nvent|o

e desMreiiss df E31- cefhes solpdor oF svra%eév Vi ¥ijrification
accor§1n%etoltﬁé pf%ggnterrn?en‘aon%lo)és ot conttam R/c% llo‘? poi\f%mﬁene ycol t_

exclusively contains propylene glycol or propylene glycol and ethylene glycol as

polyhydric alcohols. The solution for preservation by vitrification according to the

present invention does not contain dimethyl sulfoxide. PEPeS may be further mixed
with PB] and used at PEPeS concentration of 50% to 100% (v/v), and preferably 75% to
100% (v/v).

The aforementioned solution may comprise other antibiotics, such as

streptomycin or gentamycin, instead of penicillin G, and it may be composed of a
6



enbryos can be obtained in accordance with a

conventional technique, and mammalian ES cells can be

established in accordance with a conventiona

technique. In the present invention, preservation by

vitrification involves the use of the aforenentioned
is intended to

P .10 d PENS sol #jl onﬁ. Vihe_n it
Pluzality GF, eOnIMERST aft!sOntihs slufign ypay cpRpHps dffal serum from horse,
[ Thr vo red rsed in the P sol ution for
Sh%ﬁggmg"lrt’vogtrﬁll on %¥“5\%}"ia rofffgl ca l'leijﬁ)ov’fugrgerfgl ?Il’%‘b’%m nut es,
pr efgr@pl Ses%nfl ShvbRtiSA, NUE GSreeARAIITR] Be RirBlcetaPby v?t'nriff?:ation are

10 m nut nmer si on nay be carried out at roo
matr@igliah adadl Cerfidgos; dlithodfh Gle aSiubs @ge@sd by enibifonic stages are not -
enbryos, which had been subjected to i mMmersion as a
limstedp Ahinpl epecet aenprefesstdy roddntoduprichatast end rodents, particularly
cryopreservation tube with the P 10 solution, and the
raty o3¢l Mg Prfeseldeed 2ogi-sge ewbErog, amgnargfeblsr aplhe target of
preggg?t'éc{ng%\[ }3,1%\/ éa%gg%%ﬁ%é? ! t%%ﬁ%g?ﬁ%gtgglp{vnedﬂﬁt;ﬁgiﬂgdes mammalian ES
r efQr | nut: ephd ;
colf BT Xyl ESRENEIRASE 05 S B hediatin

em@:ﬁvﬁ§ 841V Bé bBRImRY iN iabédriAfeatvi@Da icBnidh@ibnAl BEhiqued aR8 mammalian
then frozen at a | ow tenperature of -196*C or | ower.

ES Belbszinrtg esaplitieddancdoedbnoe twithvd ddmveftéonal eechbhigué.or

exanple, liquid nitrogen. The volunme ratio of

enbAy dhe prasentrinMention, Ereservatbr \bo- voHicatienngverrsthesuse of the
f1:99.to :80,§pbjefer bJ¥2.5:97.5to 10: 90, and nore
atorsmentipnge K1 0sandd EES sofiopsv el y, Pl O that contai ns

enb to he- N LS, 0 ed .ot T
CrNRG, 9 BEHERGE" | SpERUSRIL pfrk 0 piiscaion,
mafdalin® ehndfilo¥ ard ifersed iy t¥oP10 SRGtiod forVitestiFPaidn BENification
The ‘PI O sol ution according to the present invention
for 18 to@@dnihotes ppreferady 3etot 1 Samirtutes, thdrmoné ppafaablyvato o0 minutes.

of enbryos or ES cells by wvitrification. Thus, this
ImmegspignineRy keaparaed oube roemdemperatuse §22°4 top? B e abulsgguently, the

sol ution, for reservation_ by vitrification..," The .
ety WEioh, Sads beb REBIeHES ' RoiBiher b s st Yy dypiefgaument, are
- f don sV et j.on r.di
B ', P GREEKAA R TR 10 £ RE BRI 8 coole
at 0P@RNSPC, 4HAIprEPeddhily 89C Aok EQREAI Mehst MRCERIABIRinGsf Frefeibly 30

enbryos or ES cells is renoved fromliquid nitrogen
seccadsl to & mimdtesahtdmede prefatblyd atinuteonThengpterather ellk are kept in

10 to 60 seconds, and preferably for about 30
P10sidodueed intetheaPERS sglution for piepgrvatiqnsby glitgifisatier imthat state,
- .cell-thaw ng sol ution mai.ntajined at rogmtenperature .
and i%?ni ﬁﬁ??&cﬁﬁ@ga""i tEppesafie Of, b]e% CElpwern, r?‘??é%eﬁ%ayi’ﬁd’amed out

withé@?luﬁ hg’\)//\llﬁ?l ée%mglg, ﬁabildsniﬁ[ggenk.)e fh@%léﬁ@g Iile?tgo M' Exlﬂbgro-containing
P10 to embryo-containing PEPeS is 1:99 to 20:80, preferably 2.5:97.5 to 10:90, and

more preferably 5:95. Alternatively, P10 that contains embryos to be frozen is
introduced into 4 to 100, preferably 10 to 75, more preferably 40 to 60, and particularly
preferably 45 times its volume of PEPeS. The P10 solution according to the present
invention is used for pretreatment at the time of preservation of embryos or ES cells by

vitrification. Thus, this solution can also be referred to as a “pretreatment solution for
; _



solution. A cell-thaw ng solution is not limted. An

exanpl e of such solution can be obtained by adding

0.2 Mto 0.5 M and preferably 0.3 M sucrose to the

aforementioned PB 1. The enbryos that were

cryopreserved by the nethod of the present invention

exhi bit. a .hiéﬁgh rate of survival after thaw and a high .
presevatiqny by witicalighe| opnent after enbryonic

tra | ant at | on.< Al;$0, . the ES cells that r .

cr yoR BT oS il et Has Trorast 0 D BT e af piggorvation
by SiRiRbhfiod a@éc?m 'ln%_aﬁ)ethgf }tax\s.é’ernY'iM@énti%Bt by H2We B in the following

nmaintain a i potent state. The present invention
maftr! NBbr IeREMPRES FebAAFalbe l@ohtaflﬁﬁ% PREREN ¥hbGos or ES cells is
manmal i an early enbryos or ES cells by vitrification
rentdvad fimonjiquid estrdder aafl iy e ntlowedtb Rhildl atsobot iemperfature for 10 to
preservation by vitrification separately fromthe
60 poondss ag@ PIRTpIEALYT IoF abeirtedetependson Thyrepftesn it dld) fipps its volume
. This kit first. uses the PIO solution for preservatio
of g, gell-heping selbfiph MARaiged o EORFRTAE Eniipaunsh I the tube,
r I it t ; :
ceflerERabBl) o e L GALBE Ly W SOERRR A cel-having
sol&ih0 PrAESAT- AW soldfon B iR, 2aRAVE&amPM 8f SRINRMtRIM can be
the present invention may be referred to as the "C EA

obtaeéchbyl addiby &r2dlies 0.5ThE apd esfertbliyr( & M,i snaroiss tdteaedbicarentioned
described in greater detail with reference to the
PBk.ol | owi ng exanpl es, al though the technical scope of

ot ey (EE Mot PaPisrerved b3obp bl i Pipsgitgvention
oxtfit B UGRE Eb 4t SRbiy AR SOOI TP St Geldd Hhvlfbhnt atir

embtydmic WaBklaltslidne M 18, iidd BS 381tk thét éreWRRipréeslddBdyathE alefhod of
were enployed. As test enbryos, 2cell-stage enbryos

the gbtsnnddvémiom éxhibik ea ragls rhteabf hadvivalenfietbh®et @6l ntagntain a
superovul ation fol l owed by natural nmating were
mulgppfesysdefe. Specifically, 150 | Wkg of PMGS was

| ) 6 SeohBL BT APEE: ot R bR Sl B prgmasin
corl A5 31, BEche Y SARARSL Sy B0 Dy, MR G o
solutich| M P@sdRaINGy ARHficdtidn @%ﬁaﬂ‘iﬁé’@ e3al §h@EEIE3E sBlution for

i mpregnation were confirmed. The 2cel | -stage enbryos
preservation by vitrification. This kit first uses the P10 solution for preservation by
vitrification to subject mammalian early embryos or ES cells to pretreatment and
introduces the mammalian early embryos or ES cells into PEPeS for cryopreservation, as

mentioned above.

This method of the present invention may be referred to as the “CIEA method.”

Examples

The present invention is hereafter described in greater detail with reference to
the following examples, although the technical scope of the present invention is not

limited thereto.



were sanpled fromfemale rats having positive snears
via perfusion of the oviducts 45 hours after the

i njection of hCG The sanpl ed enbryos were cultured at
37Cin 5% CO2 and 95%air for approximately 1 hour
and then subjected to the test. The P10 sol ution,

whi ch conprises the P131 solution of nodified
phosphate buffer (Table 1) and 10% propyl ene gl ycol,

il Bttt Pl 1l SR B oycor,
20%E8r Lol oL, or , |
G e R e

emplded.0. £1 MR oA omAe satd 8 12074-heakloly mal@kite wkre employed.
hosphate buffer 1 (PBl) Reagentm g/ 100 ml NadC 800.0 :

As K&t 2ObHro€aTdePIRade dbtiR REAIDaiDe MR foirid ©fQs Chat had been subjected
Na2HPO4115. 0 Na pyruvate3. 6. G ucosel00.0 Penicillin
to gpewvBlBrgndoliowedhenatpiahmasimghyere icomloyedat Sepcifigally. 150 TU/ke

of Rl Sesviresistribrenforllyog s Topae gtagg gonUrks AHCG was
injetc?éﬁp q{li%%p% it n(eglég Aé) hcgé )thgl%raftg .M LS, A3 @ula&etgd of, mating
pretrea ent. bsequent | v, Qari y €énbryos wer

imrh&i4e theth cﬁor%ﬁ%,vﬂéa%éﬂébﬁm%m%e $oiidg mWrkifg, and
51 of P10, followed by cooling at OC for 1 m nute.

the Eigowatiddé andSpaim bhplegRabn whieckoifachebeelhe dotlbdtape embryos
0C, was introduced into the tube. After the tube was
werg|sampled from demalg 1ats logingarositiviel wrees Viemrerfupigheofithg oviducts 45

o A o Bbe B 8 SoBOE Sy SHSoThSEPE R i 5
CO; and 95% air for approximately 1 hour and then subjected to the test.

The P10 solution, which comprises the PB1 solution of modified phosphate
buffer (Table 1) and 10% propylene glycol, and the PEPeS solution, which.compriscs the
PB1 solution, 10% propylene glycol, 30% ethylene glycol, 20% Percoll®, and 0.3 M

sucrose, were employed for vitrification. A solution (SPB1), which comprises PB1 and

0.3 M sucrose, was used for heating.

Table 1
Phosphate buffer 1 (PB1)
Reagent mg/100 ml
NaCl 800.0.
KCl 20.0
CaCl, 12.0
. KHoPO4 20.0
MgCl;-6H,O 10.0
Na,HPOy 115.0
Na pyruvate 3.6
Glucose - 100.0
Penicillin G 7.5
BSA 300.0




The preserved early enbryos were thawed in the

foll ow ng manner. The tube was transferred from LN2

to roomtenperature conditions, 900 1 of SPB 1 was

i ntroduced approxi mately 30 seconds thereafter, and

pi petting was then carried out 4 or times

i mredi ately thereafter. Subsequentl t he thawe

sol URTESsAVatioe by AHefisstiond ves cé‘m?ijef’l"‘e/ “bluﬂéfh }m’ﬂns pganner.  The

0S_Wer.e recqver o
2eeffipede REPING SestpampieTseriiL T Ml A sl oort ooty @2°C to
fer 0, 0 ]
2sHCRIRLE A D0 o SRR, SIRIAAS Gy Mios wer
intfdtRChRh presdrRiohURBRCANUEIRI3A5853) witk 81l BAPI @folbwed by cooling
pretreatnment The enbryos were |nnersed in PLO for 5 or
at A forruinésute.t rEesdatier,d phdOPEPER,, whieln ladvsdredodléd e 0°C, was
_times with PB 1 2 mnutes thereafter. Thereafter, cell
introdneddviato thagube. ngftas tthel tubieavaroaljsiveiddgistaar %&@ribatlimwute, the
of enbry nder oscope... The _ survi .
tubgys 1B REEt Gbfor B LRIy Bep LAt PTG, (LMAGICE degervation by
]l gpment was inspected. The rates of enbryo
'wu%%%®0§al (Tabl.e 2) were 100%in both cases. The

per qql@tlﬁgsefoveefe_ahﬁte&@& oLWRRY 1haWed r&saﬂféefbﬁb%rgeﬁltanﬁab H8e tube
3) were also hig he cases of imersion for

wadTitRidbfesre@r idf) DNpUbeooft - temperdtiurd Yodnditidhs,” %P0 pIhIo$7 SPB1 was
indicates that inmersion of enmbryos in the
intrpdeded @apresimately| 30tseerndd desreafoar, dndfiipaiiee weh éieermm@sl out 4 or 5

tlmgsg}/%g%pnﬁnlﬁf g;gpeezar{tgrafrgﬁ%%éecglepgé{imﬁsft On LE ticuf %yaag g{ansferred to a

petxg fdgs‘;ﬁr axpc{ﬁ]%: ggr?i g&:péyoa wege reco%reg HfERE wid g[iein éﬁé@a%plgng pipette.

The recovered cell clumps were transferred into PB1, allowed to stand for 2 minutes,

washed two times with the PB1 solution, and then subjected to the subsequent test.

Examination of pretreatment

The embryos were immersed in P10 for 5 or 10 minutes, transferred into SPBI1,
and washed three times with PB1 2 minutes thereafter. Thereafter, cell survival was
inspected via morphological observation of embryos under a microscope. The

surviving embryos were subjected to embryo transplantation, and fetal development was

inspected.

The rates of embryo survival (Table 2) were 100% in both cases. The
percentages of fetuses experiencing development (Table 3) were also high in the cases of
immersion for 5 minutes or 10 minutes (i.e., 72.4% to 81.7%). This indicates that
immersion of embryos in the pretreatment solution does not influence the embryo

development thereafter, if immersion takes place for 5 to 10 minutes.

10



em um (mn)er o normal enbryos pretreate ryos
57676(100.0) 106060(100.0) Table 3 Devel opnent of
pretreated enbryos in uterine d N Pretreatnentb
Nunber (% of fetuses f | b ante em tinme (mn)um
experienci ng devel opnent

Table 2
Rate of embryo survival after pretreatment
: - - :
Pretreatn'lent time Number of pretreated embryos Number (%) of morphologically
(min) normal embryos
5 76 76 (100.0)
10 60 60 (100.0)
Table 3
Development of pretreated embryos in uterine
’ 0
Pr-etreatn.lent Number of transplanted embryos Nun'1ber_ (%) of fetuses
time (min) experiencing development
Control 50 39 (78.0)
5 76 55 (72.4)
10 60 49 (81.7)

Examination of preservation by vitrification

Pretreatment was carried out by immersing the embryos in P10 for 2, 5, or 10
minutes. A control embryo, which had not been treated with P10, was provided.
Thereafter, the embryos were transferred to a tube with 5 pl of the solution, followed by
cooling at 0°C for 1 minute. Subsequently, 95 pl of PEPeS (0°C) was introduced into
the tube, and the tube was introduced into liquid nitrogen 1 minute later for vitrification.
After the tube was transferred from liquid nitrogen to room temperature conditions, 900
ul of SPB1 (37°C) was introduced thereinto 30 seconds thereafter, and pipetting was
then carried out approximately 10 times for heating. The recovered embryos were
introduced into the PB1 solution and washed three times with the same solution 2
minutes thereafter.  Thereafter, cell survival was inspected wvia morphological
observation of embryos under a microscope. The surviving embryos were subjected to
embryo transplantation, and fetal development was inspected.

Except for the control embryo that had not been treated with P10 (63.3%), the
rates of embryo survival that had been pretreated with P10 were high (i.e., 92.0% to
'93.6%, Table 4). This revealed that immersion of embryos in P10 as a step of
. pretreatment would improve embrye survival after thaw. The percentages of fetuses

i1



er o transp ryos Control 5039(78.0) 57655(72.4)
106049(81.7) Exam nation of preservation by
vitrification Pretreatnent was carried out by

i mersing the enbryos in P10 for 2, 5, or 10 mnutes.
A control enbryo, which had not been treated with P

e lop o LB <prypsdTE 1) S hichag AEL Egh QR ith P10, was 0%

| . . . .
Wi RU5E, Bs SRRE0 116, ek 8 AR rpRPRERUS O Ny a5,
and B2 l{ig'ﬁ@,t i’ﬁéww&}ftﬁﬁékf%ﬁeﬁ meoedlmaé Greftl &rd-00ERr § niniies e

|ater for vitrification. After the tube was

transferred fromliquid nitrogen to roomtenperature
conditions, 900 | of SPB 1 (37C) was introduced
thereinto 30 seconds therebdtded, and pipetting was
then carried out approximately 10 tinmes for heating.
The recOWaHalrasqphgperrorered 24pllrderrcaebrynafier hratipg ™ 1
Pr&@dddhbRipad washed three tines with :
2 lﬂ)ﬁt? e neVwaler ef vitrified embrs, Cgfu F&;ﬁgﬁﬁﬁb Hgf&mauy
i ed—via—morphotogical—observat of-—ent

undel a mi croscope. ThEeSs ur vi vi ng enbryos wef&\ -
subjécted to enbryo t¥dnsplantation, and fdfai93.6)
devefoprent was i nspect?8d. Except for the cdaf($?.0)
enbrifo that had not bes treated with P10 (6836393.8) t he
rates of enmbryo survival that had been pretreated with
P10 were high (i.e., 92.0%to 93.6% Table 4). This
reveal ed that inmmersion ofp,gmsyos in P10 as a step of
pretreatment would i nprove enbryo survival after thaw.
The per Centlapmsntalf chepuses el Rcdiwedge padrfasamutdrse d

Imanersiortime) o, fnog, PWBISE pret r eat GO (4 tuses
. s F :

h &M, o cvel gpnrE s_45_5% t o pEXPsEsncing deyglopment
hi@HeEd rate was obtail®d when the embryos vy €8.1)
tredled for 5 minutes.7dable 4 0 (0.0)

2 132 60 (45.5)
5 115 75 (65.2)
10 116 69 (59.5)

As is apparent from the above results, a method of vitrifying embryos after
immersing them in P10 for 5 minutes is effective for preserving rat 2cell-stage embryos

when a novel solution for preservation by vitrification is used.

Example 2: Preservation of marmoset ES cells by vitrification

As marmoset ES cells, two cell lines, i.e., No. 40 and No. 20, which were
established by the Central Institute for Experimental Animals (Japan), were employed
(Sasaki E. et al., 2005, Establishment of Novel Embryonic Stem Cell Lines Derived from
the Common Marmoset (Callithrix jacchus), Stem Cells. (in press)). The cell clurﬁps

separated via trypsin treatment were recovered with an egg-sampling pipette and used in

12



Survival rate of cryopreserved 2cell-stage enbryo
after heating Pretreatnent tinmeNunber of vitrified
enbryosNunber (% of norphol ogically (mn)normal
enbryos 012076(63.3) 2141132(93.6) 5125115(92.0)
10125116(92.8) Table 5 Devel opnent of cryopreserved
ZCeII-%éﬁge enbryos in uterine | mersion tinmeNunber of

the ESCOVAUOR FERERIRAYEr (99 of fet uses

L ORS00SR G B s i

the IO DIREPEBReR)soAfioh ToRAPBRSME B If £2M dob ?Fr(ﬂr%ﬁ g1l zhd ,thnef’JPEPes

nmet hod of vitrifying enbryos after 'ersing themii

- solitidh E@nprisidg RBU£$0%Sprepileat igheof, BUWP RSt flgcdlal0% Percoll®,
2cel I'-stage enbryos when a novel solution for

andy.g ddrsparopowetpyuseidt r Iif theat itonSPB1 welation EreupplsimgPB1 and 0.3 M
Preservatjon of marnoset ES cells by vitrification As

SUCHSE W8 d6edES cells, two cell lines, i.e., No. 40 and

No. ,20, whi ch e established by the .Central
st ProsEpif S, coRhl BrbRS hai e kapaRy PuggAeT: et ., Tt 3
d [ . . li
Do B o o g 2P ey Prpting Sl RA B8, 2 MR RSO, 1 o
of dcormnde, Wad BRsStof (feapyliddgly Yol dsaltE8) | InH16W fr@king. (ReLibinoff B.
press)). The cell clunps separated via trypsin
E. atrabaHoenb Reproal. Vel dvbe Nexd 104 2 187ah1 dyghe dfpddlutiprpégairistng 10%
and used in 12 the preservation experinment. In the
DM3& mdif-ovapiseder vati on by vitrification according to

i i , he, P . | uti
CorEERE B Rl i R PR UE R e pepes
sol gtj;Qf, sk %fng%&i%g i1 fgip‘{g g@&vllo%ﬂleteglp\é?a%re G 10 25°¢)

et hyl ene yco erco
for 5 minutes as a step of pretreatment. Subsequently, the cell clumps were introduced

into a preservation tube (Nunc 375353) with 5 pl of P10, followed by cooling at 0°C for
1 minute. Thereafter, 95 ul of PEPeS, which had been cooled to 0°C, was introduced
into the tube. Afier the tube was allowed to stand at 0°C for 1 minute, the tube was
introduced into the liquid phase of liquid nitrogen (LN>) for preservation by vitrification.
The preserved cell clumps were thawed 'in the following manner. The tube was
transferred from LN, to room temperature conditions, 900 pl of SPB1 was introduced
approximately 30 seconds thereafter, and pipetting was then carried out 4 or 5 times
immediately thereafter. Subsequently, the thawed solution was transferred to a petri
dish, and the cell clumps were recovered with the uée of an egg-sampling pipette. The
‘recovcrcd cell clumps were transferred into PB1 and allowed to stand for 2 minutes.
Culture was initiated thereafter.
| Preservation of the control embryos by vitrification (Fujioka T. et al., Int. J. Dev.
Biol. 48: 1149-1154) was carried out by ihtroducing the cell clumps into 200 pl of
DAP213 followed by cooling in LN, 15 seconds later. Thaw was carried out by

transferring the tube preserved in LN; to room temperature conditions and introducing
13 '



and 0.3 M sucrose were used. In thaw, the SPB
sol ution conprising PBI and 0.3 M sucrose was used.
In preservation of the control enbryos by
vitrification (Fujioka T. et al., Int. J. Dev. Biol.
48: 1149-1154), a DAP213 sol ution conprising PB1, 2
mol of DVMSO, } mol..  of acetamni,de, %nd g mol  of )
900y b9y | R a3y 261 Tallesved ety PLRGHHiRg. oW IPPelsARe (HRELEATHET fout by
.. B, .E et al Human o] \ol. .1 . 10 .
e 16,65 Qi SRRCAT  Bhiecty b ool eppeeraciye. cooting
F - C o | : p ] k
e BBl 45 Ao 38 PP 5 BENRM AR BN g O
thedint®fL N1 0 Clltuk P eMHeSBRAdddIEE] CRZfpst Was2hiijated @ftetbremoving the
m nutes as a step of pretreatnent. Subsequently, the
tub€ @loin TNy npEhenesileclumps werecthdwed it o vatgriaseatvit Comdtthee washed

~(Nunc 375353) with 5 p.I of P10, followed by cooling
witPBOC for 1 minute. Thereafter, 95 | of PEPeS, which

had_been cooled to O s . introduced into,the tuhe.
AT &7 Siee (RS REESat) SHLFIBPS Se oSt oS 8 HBE and dhen
.nut.e, U ' d { | jeQHi
preffivid ol Mple a0 B Ly ToF TGS C S el it SaBAR ver
useyitrification. The preserved cell clunps were thawed
in the follow ng manner. The tube was transferred
fromLN2 to roomtenperature conditions, 900 pi of SPB

1 was introduced approximately 30 seconds thereafter,
Detenrdngtiqpetftthrgorwastrativarpfche soludom{nr pressrvagon pywitrification

imedi ately thereafter. Subsequently, .the . thawed
sol {ft Pk %gxanalaﬁ%eeﬂoeaoqcsngﬂw PFOBYIRELEY Gl qvsypgided to PBI
at cgr?clelnt él:tliol'I WRF 0¥E 59, rl%%?\zﬁ{%qg%w t’It}letclgﬁ Y5 ﬁoéf 8 40 were rpreserved
egg-§anﬁ1|ng_ﬁ|pétte. e’ Fecovered ce cl unps were
in thé ?&%ftﬁlrgrs%@utlidﬂsp BBodepRd eghhfitedie tFERSa I céfiFatidn, PEPeS was

m nutes.” Culture was initiated thereafter

diluRdes&thVEB 1 o 7684, t 3066, candt 0%, aadhihy asllbglumipt rere qaeseoved in the

Fujioka T. et al., Int. J. Dev. Biol. 48: 1149-1154)
res didutidnsd Aditer pyeservetion bl vgll tohempe Merecheatgsls culfpts was then
. ..20Q pl of DAP213 followed by cooling in L 15 .
initigtegorad har SYTVIVER aenaRl AN r PR 1HabyPOSEIsth SPleF | 4y inverted

- the t r din LN2 to roomtenperature

m‘°‘f:°8§°d’u°%§aﬁ§ dEEter’ duc ng 13 900 | of PBI at 37C

f ol Tragh e &aﬁﬁﬁéticﬁigofl lﬂ(p%rfcfeﬁ@é’tidﬂlg(ﬂi\%sl)cﬂferduﬁﬂvﬂtﬂate of the

by i1ntroducing the cell clunps into 01 of the SF

embsyals fresefvedtin 060 mad E¥pehaions evas danld togse sigraficaitly loventhen that
to -80C at arate of | Cmn, and introducing the
of theeaontrohembiyies shabhpdl apidbeenipeeservedo Lnpont@sth the embryos peeserved

in ﬂ?er ?8‘% E/Pelg)) %gldlﬁg/‘la légl.rljl?ioxg ?:Ii | z%tt iii%e?dfr(?gltt é cgr?tgc?lvtiﬂggrytoge This
indicates that a solution containing 10% to 15% propyle;ne glycol is optimal for
preservation of cells by vitrification. A cryoprotective agent usually induces
cytotoxicity as the concentration is raised. Thus, a solution with the lowest propylene
glycol concentration of 10% was employed.

Through the examination of PEPeS concentration (Fig. 2), the survival rate of

the embryos preserved in a solution with PEPeS concentration of 0% or 50% was found

to be significantly lower than that of the control embryos. In contrast, the embryos
14



tube fromLN2. The cell clunps were thawed in a water
bath at 37C and then washed with PB 1. In all the
experinments, 50 cell clunps were introduced into a
tube and then preserved in the |liquid phase of LN2
for 7 .days. Several tubes of the sane type were used.

Det erm nati on of _t oncentratio fothe lution.far
pregeraed ju, 2 selpfiom, yith; I&‘eﬁe%ifé’&?‘?’ﬁ’f"fmf’ﬂ 02#@8./0 %752%&.114 PRt gigyficantly
. <Pl concentration r opyl-ene .ql. I d .to PB 1 '
ity DoRoQRE rabbh Sty o iBUNAR (M, F HRiciC it ‘pepes

corfck IR 100v 186 5L HREGRELY ggeselivgti&gg Sﬂ@@b‘\l’etr,i d"Bwered PEPeS

solutions. In order to exam ne the PE
corcenER v edds @6 theRlPaBfiv@son ¢f thelbadtivh.t hWhie kpdte wesdobserved on
50% and 0% and the cell clunps were preserved in the
thervitgifiletlismdaati particalady indd selutipn esdrRER€Somwncetimtior loff 75% (Fig. 3).
clunps were heated, culture was then__initiated, and
This Hedisates, ithad | partapl sheosoluiggn besamep srywiablizsds ahicdy ingif@égs that the
an inverted mcroscope 4 days thereafter. Through t
Pre S EOP OO HInE CPoLSFIE AT LI EToOLR o his) 4 Splgon wilh PEpes
val e ggﬁ rved in 0% and 5%
mﬁ%%ﬁ%#%%ﬁglag%‘%%un ?%gggféggﬁgéﬁégntly | ower than
that of the control enbryos that had not been
preserved. In contrast, the enbryos preserved in the
CoripéfisoR10)h athe pkEdreniouttechniquds d not differ fromthe
control enbryos. This indicates that a solution ] )
contlae vl dine(¥0.t 40 wesmndoteydosnarg thecoipthod afghe peasentopvention
.preservation of, cells_by vitrifjication. A, .
with | CoBRToBE: Foreniglen: RELETPY REdRePFEYt STRIiEr § Bethod of
Vit;tffﬂ:%ti&? QGENE sk QF 1 SpS13! 3F QtowTﬂHézin§ uﬁag'e?&{ﬂi%d%} BrdsBfation.
owest propylene gl'ycof "concentration o Yo Was

CorBpR|seN Ohs cdRTAUER bl RBs@¥ Y tRahi:PBeObf HEVRMg cell clumps under an
concentration (Fig. 2), the survival rate of the
invertddrnyiosospoese dayschfien the isdiation oficwitirh. PEPeS
concentration of 0% or 50%was found to be
si gMof flidkerrnicy WeswePser g betigen dhe raatreb embsyosefist Jlgs embryos
I n can st,,.t he enbryos 14 preseryed in a solution .
Presiry lﬂéﬁég Bge g%t ﬁgt‘%ﬂﬁa%’f 5‘%5‘6% r&%/esfgo}g?j F‘Bgﬁ’(‘?ﬁ preserved in SF
Slond i y ] r. f conty Y | S
end PR IR prelytf ip; DATZ BRI VS, | TS epbryos
preséRRY0 hOPERY bshiBhée atdiMafitaityPhRReT Yak/iva rateloddWRFed &ith the
| owered PEPeS concentration |eads to the
embehepsi greselvadaimi DAPD13. t Héveachodghothese/erhre gsqsansolwe peeservation by

_ observed on_ the vitrified surface, particularly in a
vitrifigatian, eecoidinglPebe st ef thaprespntomvemtign piag fowyd to be more

suitable for preserving marmoset ES cells.

Comparison among a plurality of cell lines

With the use of cell lines No. 40 and No. 20, whether or not the method of the
-present invention was effective for other cell lines was examined. This examination
was carried out by preserving the cells, heating the preserved cells, initiating culture, and

observing the cells under an inverted microscope 4 days thereafter to inspect the number

of surviving cell clumps. .
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This indicates that part of the solution becane

crystallized, which indicates that the preservation

conditions in the tube were not honbgenous. Thus, a

solution with PEPeS concentration of 100% was

enpl oyed for preservation. Conparison with other
tion tech ues_ The cel | I|n No. . 40. was

to ¢ r’r{ﬁ?"é (AP R Not ﬁ@ fmde@@n? ; B0 sigpt gt ience was

con t.ional, tec S. f _the S '
bR PR ROP per BRBL A o5 ABS i blPR S rop g il lncgpion i,
5)DAP213 or sIOM/free2|ng mas enployed for

preservation. Conparison was carried out by observing

t he nunmber of. surviving cell clunps under an inverted

m croscope 4 days after the initiation of culture. No
Malntkfimrce o€ ESwal vothiferantidteldettate efiet fresarvattonol errbr yos

and the enbryos preserved in PEPeS (Fi 4).
cont Wit the susevafvegll Fagse Nopf40: ard epriPosv Fl@éé\fv@i thg ES cells

enbr yos served in
magpd e e B R AR e i Bu b B e pEspg heating vas

exagﬁélﬂ%(g 'r te dﬂt . iér?eﬁ]' (fe'llccﬁ:gﬁxb% g\’%kbér;g%dg?c\ﬁ g ﬁr\éa 6%{:;:ggf§ren genod of time,

and AQUOBANASE (SSHNI QHSBALNIVOLNA- @rm&rw@d I PRADYS1, and alkaline
vitrification, accordlngly the nethod of the present

phdsplistadd werewasd AoBRdell mavieershi emmandstahing. f The thawed cell clumps
preserving marnoset ES cells. Conparison anong
wersi trangplanted diypedermidally és ingyoppodaiisians miess (NQIWSCMM aglINgampling

40 an t her not th t hod
wah o8, O?tnééﬂ?rftﬁh? <l BE0Pe JOPRBEREr DEebe rpglanted cell
duﬂ@§vﬁé Thi s exan1nat|on was carried out by
eserV|ng e cells, heating the preserved cells,

i ni tA@m@ﬁalﬁuigtéﬂ;enmaﬂg préiRes Yesudts ik 8cdord WEthUREE ofdhe report
inverted microscope 4 days thereafter to i nspect the

conceniivey theofingmedeyvedi BY celb [(Sadaitints .et Bh, W05 Edablishmenf of Novel

cell lines No. 40 and No. 20, no significant
Emhrw SigeeColhd inesRuived froyatthe Sommen Mermesst (Eatbithids jacchus),

Stefn AL A RCESY i 6o V1o e P EbRRS o B Sha fevdppphe Fie. 7
ter %—ﬁé mﬁyff#ﬂ&t\&gs%bg%}%e&E‘Ebﬁjodcveels!:eli 'n@l%%legb éﬁtmﬁﬁwﬁe use of

er or not cel'l s~ mai ntal ne

the 680 IihE BloeBY bad Bchast 8d18cRE! RFtIREES A8 Y@idnhs RYithelium with the use
vitrification and heatlng was exam ned. The preserved

of theldellclinens. 2@r eThisatrasdalse uh tave@daricer with ghe egpopiecomdming the
unp?gselt*vlegecells (Sasaki E. et al., 2005, Establishment of Novel Embryonic Stem Cell -
Lines Derived from the Common Marmoset (Callithrix jacchus), Stem Cells (in press)).
As is apparent from the foregoing description, the method of preservation by
vitrification according to the present invention is effective for preserving primate ES

celis.
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and t hen exam ned. SSEA-1, SSEA-3, SSEA-4, TRA-1-60,
TRA- 1-81, and al kaline phosphatase were used as ES
cell markers in inmunostaining. The thawed cell
clunps were transplanted hypodermcally to

i mmunodeficient mce (NOD Scid/ynull), sanpling was
carried out 3 nonths lgter, ?nd teratona devel opnent
by the transplanted ceMPaBILHEEE s observed. All the
stai ning experinents produced results in accord with
those of the report concerning the unpreserved ES

cel | 8 (WSasRkon Efor®hrabrving? Wanm B34 Rl 1§ NERBEy R oNWE! cells by
Enbryonic Stem Cel I Lines Derived fronithe ebnnnn

vithficassedomplistlg, lat Brba¥e maeial) uphosphatebufe that diclusively contains
press)) (Fig. 6). Via the experinent of teratoma

10%ketediSbpivéntpréiilgne glycol as pobhpdue deviedlopnent was
observed in bl ood vessels, nuscles, and fats with the
use of At Kelutien| fqrj peespying gnagpgalian (early, embryoscpediS cells by

e R T AT P
R L R Y

alcORd1k and-fud@Sr EXHthine d5%6rt0 MSVhE SFERMNEVBANDI8Y to 0.5 M sucrose.
(Callithrix jacchusf, Sth?Cells (in press)). As is

appdr. ehiie Bolmnioh hforf preegeinggmadescaliapt earty, enfteyeseiohddS ofells by
preservation by vitrification according to the

vitifieatioptacpordig foslain bremptisips 708rtopPQs s1ell Hymd Nafgh d5 to 25
ls. 16 t is clainged jis: . 1. A.solut] |
mefR0 b Ches fa kil ot FoCButs Jo.2b peidBath kKEBEOR 7.5 10 125
oG LOREE 0PI P O9g 0 GRS K By gy

75 {ov126)m@n 0P @Ne:08é, Y5081 10a8/MO0 Wi Ak bietiad, 280 380 mB/100 ml BSA,
solution for preserving mammalian early enbryos or ES

andcEl% ® %6 (viv) prdpybeaeigtyrotonpri si ng, as a base
material, a phosphate buffer that exclusively contains

10:?47 J@ssfflp PRy %rﬁﬁ%fﬁﬁﬁ ’Qﬂ?’&?ﬂia&n%ﬁr%@’mb@f@%% (B \eplls by
vingighinf aeeotaiects SR X Fofiriaie 3P (P Snerilbe’ 1h i, 45 10 25
{05 REF 5 % 1M6A00 4 CA0Ls B 2935109 JRIIHORY 5 o 12

mg/1 00 &l MgTIL 6EIQ0PI 0105 0428/100 n 8@, HBOL0D (g W nP¥A@0 milFatPruvate,
T T e A A e A Bt S L

75 tag 21 0/ 10 MHERGdse, 3.15 10 mgl P0(Em] agibi sy 5 MypG 52, 165200 ml BSA,
IO‘V%%Q ld’it',’/g{\é\,sf)oprgg;llegg ggcol,N%%‘l’;:lapt%'S%3(vt/\% é‘rthjrzrlglllg- glc})fccr)?, 12('% to 25% (v/v)
Percoll®, and 0.2 M to 0.5 M sucrose.

5. A solution for preserving mammalian early embryos or ES cells by
vitrification comprising a solution consisting of 700 to 900 mg/100 ml NaCl, 15 to 25
mg/100 ml KC], 8 to 15 mg/100 ml CaCl,, 15 to 25 mg/100 ml KH,PO,, 7.5 to 12.5
mg/100 mi MgCl,-6H,0, 100 1:6 130 mg/100 ml Na,HPOQ,, 3 to 4 mg/100 ml Na pyruvate,
75 to 125 mg/100 ml glucose, 5 to 10 mg/100 ml antibiotics, and 250 to 350 mg/100 ml

BSA, with the solution for preservation by vitrification according to claim 4 dissolved

therein at a concentration of 75% to 100% (v/v).
' 17



75 to 125 ng/ 100 m glucose, 5 to 10 ng/ 100 ni
antibiotics, 250 to 350 ng/l 00 mM BSA, and 10%to
15% (v/v) propylene glycol. 4. The solution for
preserving mamual i an early enbryos or ES cells by
vitrification according to claim2 conprising 700 to

900 100 mM Nad, 15 to. 25. mp/100 M KCI, 8 tq }5
fsolplien 50,1‘ presepgtion bﬁﬂfti aflon 3496 n2 t07@ng ctf(g aims 1 to 5,
: - C 1 130 100 .ml
R L R B e L
Mo/ 190rid s QLGP &S preseb @il BY0ikRc MonaREbRERY 10CSaind 80 wherein
to 350 ng/ 100 mM BSA, 10%to 15% (v/v) propylene
theghymalaliaR 3861t-6tagd ¥mbiboY hrectald Pk eiDetagl ¥ablyosldadoth® mdadhalian ES
éé;v) Percoll(r), and 0.2 Mto 0.5 Msucrose. 5. A
celsairg priontd BS cglieser vi ng mammal i an early enbryos or ES
cells by wvitrjfication Qonprisggﬁ a solution
const-sfi rrgeert kipdor progrying mapmalianserly gmbryes 25 ES cells by
. np/ 100 M KCI1, t 5 ng/ 100 CaCl2, .15.to0 25 . .
vit{Brattsg Sporepiaghe SShuach estas 0 giibs o g e obubnn according
n)&gglépalgg_nglloo m Na2HP04, 3 to 4 ng/ 100 m Na
pyruvate, 75 to 125 ng/100 m glucose, 5 to 10 ny/ 100
M antTHY edakoEist, kid o pRBetvihg3 BRAnHAIROcdHy cBBAosWrt BS cells by
the solution for preservation by vitrification
vitralgeatiod i avgotdimgctoac]aing 8divdhindl foether chpeies atelbthawing solution for
concentration of 75%to 100% (v/v). 17 6. The solution
the pepmupglianceaghyradny e, onbS eallsinseservad bycdsifinatign contaimjngfes a base

|.aj 1t v er WD int [ I nb
ol P R RO et Y e ves,
presgr ﬂt&'r@ggekﬁy k1t fo!r' rr]és%gsé g %ﬁﬁﬁgfiﬂ @Qr)ll)t' %m%lryadsn%r?ES cells by

wherel n  the manmal i -stage enbryos are r

vitrdecatibn SdcRgfli Wesmand whitg Bkdsal dafi-th&winlgSsh®on for the
primate ES cells. 8. A reagent kit for preserving

mamswatien iearly earbiryosembEy osllo pre&SGveéd [Hysvibyficavioh rdohiatrfihg,0a% a base
conprising the solution according to claim1 or 3 and

materigl, g@ﬂlefn%@w bidEes canpigingt s 79040 H09 mey10@midNag’l, Thee 25 mg/100

it KERSER o W 1 wPERRELY] B SRRR RO KPR F3R6 185 Rkfo0 mi
MadHier 18900116 3ol e R 135 by 00T DL e, 75 0 125
mg/YO0 fil fgllecdlsé, 0t cC D@/ 100 R4l andiBididAASS) td B EhbAl00 1A BSA, and 0.2

phosphate buffer containing 0.2 Mto 0.5 M sucrose.
M td.0.5 Misacrosagent kit for preserving mammalian early
enbryos or ES cells by . . ) )

11. The reagent kit for preservation by vitrification according to any of claims 8
to 10, wherein the mammalian early embryos are mammalian 2cell-stage embryos.

12. The reagent kit for preservation by vitrification according to claim 11,
wherein the mammalian 2cell-stage embryos are rat 2cell-stage embryos and the
mammalian ES cells are primate ES cells.

13. A method of preserving mammalian early embryos or ES cells by
vitrification comprising steps of pretreating mammalian early embryos or ES cells in the

solution for preservation by vitrification according to claim 1 or 3 and cryopreserving

the cells in the solution for preservation by vitrification according to claim 2, 4, or 5.
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vitrification according to claim9, which conprises a
cell-thawi ng solution for the mamualian early.
enbryos or ES cells preserved by vitrification
containing, as a base material, a phosphate buffer
consisting of 700 to 900 ng/100 M Nad, 15 to 25

/100 1 KC1,.8 15 ng/ 100 nml,. CaCl2, 1 25
%/ 140 Fﬁg e ,ofgr?rssetr&m omammalipgoeaHy ewgéao% 8F ey cells by
. : 0 2HP t 0]
i 20, 0ol 1 oo bl B WMo B 5 gt we
imMersBM A PAeOLdI&Son B GreLRr3e8n B 100t 0B cordtd ©- dainlM1 or 3 at

TS
to 0.5 Msucrose. 11. The reagent kit for préservation

roddY tewipefdthiecfaf § @1 RmeTtEN, Bk doPutedtyis Mencd|RindE tSstah@ al 05C to 5°C
wherein the mammal i an early enbryos are mammal i an
forZdesetorsls 4g @ nenitey,aad thresTlting sehdgientis &iyopresarved in 40 to 60 times
. preservation by vitrification according to claim.11,.
its yplapeiof therzolytignier peeseryaiaon by vigEcatiasrageerdingdo cigin 2, 4, or 5.

2cel | - b d.th li ES |1
it oM Saeliodl, 0P S hying  matoGt an, GO S ety flls b

SRR B Ry L DY ) B ARG 5000 o

mak@align RBell-f@ge &Abiybs.ON for preservation by
vitrification according to claim1 or 3 and

crydpr dsermethgd dherasehigg imarhimelisiol aatlyoembyos or ES cells by
_preservation by vitrification according to claim?2, 4,
vitrgfiication pgeording 1t &laiet e avhereip the srepmalispeeriisiagn eantirygs are rat

nbryos .or ES cells by . vitrifjcatiaon a rgjng to

2ecfSkieh o i AR S Sl BABPPIS BIES col | s
are imersed in the solution for preservation by
vitrification according to claiml or 3 at room
tenperature for 5 to 10 mnutes, the solution is then
allowed to stand at O Cto 5 C for 30 seconds to 2
m nutes, and the resulting solution is cryopreserved
in 40 to 60 tines its volunme of the solution for
preservation by vitrification according to claim?2, 4,
or 5. 15. The nethod of preserving mamualian early
enbryos or ES cells by wvitrification according to
claim13 or 14, wherein the mammalian early enbryos
are manmalian 2cell-stage enbryos. 16 The net hod of
preserving manmal i an early enbryos or ES cells by
vitrification according to claim15, wherein the
manmal i an  2cel | -stage enbryos are rat 2cel | - st age
enbryos and the mammalian ES cells are primte ES
cells. 19 '
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