DESCRI PTI ON METHOD OF PRESERVI NG EARLY EMBRYOS OF
EXPERI MENTAL ANI MALS BY VI TRI FI CATI ON Techni ca
-Field The present invention relates to a nethod of
preserving manmal i an early enbryos or ES cells by
vitrification. Background Art In experinmental aninm
sciences and rel ated i ndustries, techniques for
cryopreserving enbryos are critical and fundanental

for the production of pEHMRIEriesNt he preservation of
cell lines via reproduction technology or the |iKke.

In the case of mce, the preservation of 2cell-stage
enbryos, has been already inplenmented because of the

METH@EBIRF FRESERYVING EAREYNAMBR KOSLOFEXPEENMENTADANIMALS BY

46(3), 231-234, 1997). Wen early enbryos, such as

rat 2cel | -stage enbr WIFRIEICAPI@Ber ved, however, the
rate of retrieval is poor. Such preservation does not

yield a rate of fetal developnent sinilar to that

) g&;.ai ned fromuntreated enbryos (see D. O.
Technicgihield ngham J. Reprod. Fert, 1975, 43, 575-578; and

%@S. Han et al. , Tfleri o%enoln%gﬁ 9,. 2003, . )
PESRTCPERYIVERRQE, IEIAES oa e i ¥ pERsergng gnammalian carly
ved ke i na techni ques for cryopreserving
embryosé%@#icﬁgﬁbgﬁ%{éﬁcﬁgpnemryos. In contrast, it has been
expected that primate ES cells are put to clinical

use, such as the study of devel opnent, the

BackgroRh8patation of genetically engineered animals, or
the regenerative nedical techniques. In order to
&f f eghdriBbitallt ddib® StiehedsS &6l | felhied Ghdustries, techniques for
af orementi oned purposes, it is necessary to nultiply
cryopresehdag ensihyes e aritgrad and éxidambentalpfoe ke produbton of animals or the
multiplied cells, and provide the anount required at
preservatipp afi qrdl Ibesugie reprguction tedwiologyubt Greliksuald the case of mice,
i nvol ves  the risk of a nutation of traits, which
the presgryaben;aiadesdl-stage smbynes bas been sisady dmplsmentad depaese of the

cnso of VAR SO RLSC R LR B RSRY AR T Frf L

Gl éa?f}?cﬁiarfoesl, ls:ughu Ly iraYtaicelfl-stage embryos, are preserved, hawever,
the rate of retrieval is poor. Such preservation does not yield a rate of fetal
development similar to that obtained from untreated embryos (see D. G. Whittingham, J.
Reprod. Fert, 1975, 43, 575-578; and M. S. Han et al., Theriogenclogy 59, 2003,
1851-1863). Thus, there are 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 genectically engineered animals, or
the regenerative medical techniques. In order to effectively utilize such ES cells 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 becn already reported. A method that yields a high rate of cell survival
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(seeReubinoff B. E. et al., 2001, Human Reprod. Vol.
16, No. 10, 2187-2194), however, can preserve only
approximately 20 to 30 ES cell clunps. A nethod that
can sinultaneously preserve a |arge nunber of ES
cells is avail able (see Fujioka, T. et al ., 2004,

e B e
prese%% ?lg%gﬁ)%u kVZO He Y6 P IR L1 s.ofxnf'ﬁtetﬁgﬁj tﬁﬁ%ﬂ ngnultaneously

ena eous preservatio ar ge
prese?‘fe ﬁ%r%é@iuh?oer ot e &ﬁls&is W 1hblE a8 FafiolGeT et%urzomatnt 1. Dev. Biol.,
after thaw, and all ows nai ntenance o an
48: UAdiNE4) afthivhethestirtt 6f belb shebal afai thed. isl 4s loas abaets to 20%.
known that direct introduction of a solution with a
Accandiggly c dewtedopiment of er pothodttbatt énableagamiltanetus prbmaﬂion of a large
nitrogen or I|qU|d nitrogen gas results in :
numbgr ©f £5j cells. Yoeldoe highgateaficsH sheyivab afteriibgy, and allows maintenance of

crystallizati thereaof .. The term"vitrification"
an”rglt‘}%%’? Wfqdagfqt?/gqsé?‘eé?gw?‘&?da phenomenon where a .
ys% B(i:en g%o I th %oclh f I eddu %?% Qolut?o% a high content of

varl n gques have been

cryo Séé@ﬂn%"&&n PntB'1 5 \ﬁﬁr%'%h rfﬁl li Jllnﬁrdﬁefi‘ 045 LEduiid GANYiRHcation of

wever, ere N no preservati on technlque

asoldtioh rﬁtﬁér Bad biysRITENSS tHefeoNBTHERim Vi Fica bl "Ssubb@htiirefers to a |
yield a high rate of cell .retrieval. Di sclosure .o

phenbidendnnwhert iacsolulioadleosraes sudidefiad insead cfdieitty apsthltived. A variety of
preserving animal early enbryos or ES cells by

technjques ihbvecbgen sleveleppdato paeshg anonal sellssda vitrijcatigahleweves, there has
by vitrificatjaon. The inventors have conducted

beengigrigeseTvaLpR ipoBRIgRG K ralGER ORYPS ¥ SvEraliandis elsthat can yield 2

2cel st age .enbryos and primate ES cells. They
mgh&%%%*%ﬁéﬁ“% Hovel “solution that is suitable for

preserving manmal i an early enbryos or ES cells by
vitrification. They also devel oped a . nethod for

DisclRE&s oF Math ity Vvitrification using such sol uti on,
t hereby conpleting the disclosed invention. In a

Digcdsed R4 is ahelgtions fpr greseehdnly aniedl Watlgrerilaios or ES cells by

preserving manmal i an early enbryos or ES cells by
vitrifidation fidcameidnd dompesesiimgsuchsells hyadeificatier i al , a

phosphat e buffer that excl usivel cont ai ns 10@6to

Thoo ipyeniors prisipndeed roneentraie eticarpaeqraing pessprorption of rat 2cell-

wherein the sol ution, do not contai n di
stage, PR gBe Pflﬂ@tes?éﬁu%eﬂlsn‘?ﬁfa el s i suitale for
presgrvmg prrrlae:r%r%al\{a%t é:a(%gf er¥bry\(/)ls torrlég ¢ %nwmﬁcatlon. They also developed a
method for preservation by vitrification using such solution, thereby completing the disclosed
invention.

In a first aspect , there is provided 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, wherein the solution does
not contain dimethyl sulfoxide, the solution being used for pretreatment for preservation by
vitrification.

In a second aspect , there is providled a solution for preserving
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In a second aspect , there is provided a solution for
preserving 2 mammlian early enbryos or ES cells by
vitrification conprising, as a base material, a
phosphat e buffer that exclusively contains 10%to 15%
(v/v) propylene glycol and 25%to- 35% (v/v) ethyl ene

TRV -
phosptidfe Birfer Meéx@fuﬁyglgecoﬁ&!iﬂét 17 14988 [l ﬁ?ﬁ)‘rl@ﬁen glycol and 25% to

di net hyl  sul f oxi Ina third aspect’, ererTs
35% RV/RY ic@8tknd S@lolitak YAl Hri® mRDRONI ddg RBHFFEEInBIne 8B5%Yto 25% (v/v)
enbryos or ES cells by vitrification obtained by
Percali®iand G heMfior 8.6 Sobwirosen wierndn ghe sglutdn 40 not 8Adain dimethyl
ng/ 100 m NaCl, 15 to 25 ng/100 M KCI, 8 to 15
sulfoxng¢.100 M CaCl2, 15 to 25 ng/ 100 M KH2PO4 , 7.5 to
12.5 ng/ 100 M Myd 2. 6H20,, 100 _to 130, ng/ 100
o Rprdaspertythers I}/S?@Pi‘éed AsoiRgon Ry Pissaing mamipgliapsgrty embryos or

/100 | .10 100 i. bi ot .
Es BN ReiRsyortian B e ol PhBoo2ebiaingst i 5ERU0 menoo
N, BB M ARG 1 3 abttom s

7.5 P18 %gmd RN NRYCTY-b15 0 f 10081 1330 rﬁ%/ld(ﬂﬂl MRGHPOR VLol £ 3100 ml Na

| east 75% (v/v) and |less than 100% (v/v), wherein

pyrudag 76 ité $25 mad 00 eslenstoss 15t i10mse/tlD mbintibiticsiand 250 to 350 mg/100
dimethyl sulfoxide. In a fourth aspect, there is

ml BpApwith dlet secorslasgbrtion Kot préssrvapioe bg rvittifigation rardefied abavé, ywherein a
enbryos or ES cells by vitrification conprising the

concenifiatien shthg selyten fy nrescrvgtion by itrifisyivatas dainediabeve is at least 75%
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reserving ES cells by vitrification conprising
mﬂm%%%ps of pretreating ES cells in the solution for

75 &5 fural %sgacg%e% td f Ve Qrfeag%ﬁc R dop ?rés@rvﬁ@enfahﬁlﬁitlian early

aspect and cryopreserving the cells in the solution

embry&d oPES SEUsVIRE Vidd¥idayion Ebﬁl{&ﬁiihg &l Nitia6 GeEiding td ehel et aspect and
second or third aspect. In a sixth aspect , there is

the sglodoni stedrdirgao dfe secqridosphiad aspbetf f er t hat excl usi vel y
contains 10%to 15% (v/v) propylene glycol as o
dnla fifth rdspecal hetsois pravidad apmetbad ufi mesenting ESotallsi oh vitrification
for pretreating,manmalian early epbryos or ES cells, .. .

comprigingniterse PU RESUSAINE, Epj ?ffllaslf inc ﬂ{ei SlutioR, &y gprpseratippy by vitrification

acco%?rlguttoi AR ﬁgs(%%gpe%g tancf gr@%sgegerginrgr% Q )éésllssilﬁl tIlg )ssciﬂgt%n for preservation by
vitrification according to the second or third aspect.

In a sixth aspect , there is provided use of a phosphate buffer that eéxclusively contains
10% to 15% (v/v) propylene glycol as polyhydric alcohol in the preparation of a solution for
pretreating mammalian early embryos or ES cells for preservation by vitrification, wherein

said solution does not contain dimethy! sulfoxide.

In a seventh aspect , there is provided use of a phosphate buffer that exclusively contains
10% to 15% (v/v) propylene glycol and 25% to 35% (v/v) ethylene glycol as polyhydric
alcohols, 15% to 25% (v/v) Percoll® and 0.2 M to 0.5 M sucrose in the preparation of a
solution for cryopreserving mammalian early embryos or
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In a seventh aspect, there is provided use of a
phosphate buffer that exclusively contains 10%to
15% (v/v) propylene glycol and 25%to 35% (v/vV)

et hyl ene glycol as polyhydric alcohols, 15%to 25%
(v/iv) Percoll(r) and 0.2 Mto 0.5 Msucrose in the

ES RIERG ﬁeée%‘at%f B, v%’ﬁc‘é{ib& %ge‘%éigga%’cféﬁlgﬁ(g%}r4$é§9not contain dimethyl
Sllmj;g[cgservatlon by V|tr|f|cat|on wherein said solution
does not contain dinethyl squOX|de Vari ous

eviRiRab BRBbEmRhts ol thelime@tlbn a8 agfdlods. fol ows. [1] A

solution for preserving mammalian early enbryos or ES

qde] Assdiytion fori preseating manoatiani rlygemiasosaobBESecells by vitrification

material, a phosphate buffer that exclusively
COMPIBIMZAINS ba@%at@rlerl,si’/pl'(mha}e byffes that exdugitojy edntaiss 10% to 15% (v/v)

pol yhydric al cohol. [2] A solution for preserving
Pmp)ﬁlﬁlaﬁﬁn‘w%ﬁsa‘alwh or ES cells by vitrification

TR ufdL A argedane armunaog s, FBbaBYSL B, getls By vivifiation
COMPisHIy | 8he agl‘?ﬂé@l mgiefiah508 t ghapbgiey byffert ﬂyll: eﬁéclgw%l contains
as pol yhydric alcohols and further contains 15%to
25% (v/v) Percoll(r) and 0.2 Mto 0.5 M sucrose. [3]
The solution for preserving mamralian early enbryos
or ES cells by wvitrification according to [1]
conprising 700 to 900 ng/100 mM Nad, 15 to 25 ng/ 100
m KC, 8 to 15 ng/100 mM Cad 2, 15 to 25 ng/ 100 n
KH2P04, 7.5 to 12.5 ng/100 mM wyd 2. 6H20, 100 to 130
mg/ 100 M Na2HPO4, 3 to 4 ng/ 100 M Napyruvate, 75 to
125 ng/100 mM glucose, 5 to 10 ng/ 100 mi
antibiotics, 250 to 350 ng/ 100 mM BSA, and 10% to
15% (v/v) propylene glycol. [4] The solution for
preserving manmmal i an early enbryos or ES cells by
vitrification according to [2] conprising 700 to 900
ng/ 100 M Nad, 15 to 25 ng/100 m KCI, 8 to 15
ng/ 100 mM CaCl2, 15 to 25 ng/100 m K1-12P04, 7.5 to
12.5 ng/ 100 M MCl12. 6H20, 100 to 130 ng/ 100 m
Na21l P04, 3 to 4 ng/ 100 mM Na pyruvate, 75 to 125
ng/ 100 mM glucose, 5 to 10 ng/ 100 m antibiotics, 250
to 350 ng/ 100 mM BSA, 10%to
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15% (v/v) propylene glycol, 25%to 35% (v/v) ethylene
glycol, 15%to 25% (v/v) Percoll(r), and 0.2 Mto
0.5 Msucrose. [5] A solution for preserving
manmal i an early enbryos or ES cells by wvitrification
conprising a solution consisting of 700 to 900 ny/ 100
m NaCl, 15to 25 ng/100 mM KC; 8 to 15 ng/ 100 ni

h
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alcohdgg i@ %Hﬁerl\%ggéi{lné‘\fﬁ’%em 2588 (4R %ﬁc 0 %9? g‘:%ggkﬁ%??gbsucmse.

to 10 ng/ anti biotics,

rﬂ_[tsx] BEfe sohitiont B6r SREVIOR IRMRERSLIMAY BMbPYbs or ES cells by
vitrification according to [4] dissolved théerein at

vitrifiéati@na2btdiag ito 1 ptorpMsing 2D 090 Y)g/106ImITRECI, 15 to 25 mg/100
solution for preservation by vitrification according
m} KQlps doyl Sahig{10D mbClak]a, 15ve2 eing/1 0t O4Y. £a6 19.5 me/100 ml
enbryos are manmmal i an 2cel | - stage enbryos. [7] The
MgCls@10.i 10 fook3 (pomgdHiO/mi NenBB4y 8 tte 4fmgd00an! Neqoravate, 75 to 125
to [6], wherein the mammalian 2cell-stage enbryos
mg/109med glacosze & 10 16ragd 00l gutbiaties. (230 taedRanpdR0EE BSA, and 10%
are primate ES cells. [8] A reagent kit for

cells
to ISVbEVéE)ePRﬂPﬁ nfel¥eRli an early enbryos or ES cells by
tion accordin

(1] S RSt aab e SR Sgs e o
ol Shollagl 1SR4 st 1006 RIERE PR 538 5 meyto0
ml KCI,Q«I iB)s nyg)h@é‘ URLBE! 1595B51884 08 HEK! zbb%}"‘?.%%ﬂg 125 mg/100 ml

solution for the mAmualian early enbryos or cell's

MgCl, BH5ee 19840 B%o\vhiNiohi ARNEQTPORY &) ik 0 £y ,
& 2malj‘?eri al ,Ga pho%ﬁghate bu fergcont a%ﬁgng@%?]gql\/ﬁ?%vgfeéﬁ to 125

mg/10M8 yhnase, 5 [td Q) mpd ead entibictivs,f 200 @ 8@ ME/IED ml BSA, 10% to
manmal i an early enbryos or ES cells by wvitrification

15% (eeyqrdpylgnt @ly&dl, 2566 ch TBdphifeestiyled lgltdodwil 5% to 25% (viv)
solution for the manmalian early enbryos or ES cells

Percoll®); and 02 M t9/09i MrsukEresst i on cont ai ning, as a base
of 700 to 900

T 80 it TICtaviag erogabat kb Sbres 105 ES kells by
vitriﬁca?g{%g%ﬁgiﬁigg%lgdlu%igntc%ngg 100 %o K68 woenod w &8¢, 15 to 25
mg/100 ml XCI, 8 to 15 mg/100 ml CaCly, 15 to’ 25 mg/100 ml KHPOy, 7.5 to 12.5
mg/100 m} MgCl,-6H,0, 100 to 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 ol
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] to [5],
wherein the mammalian early embryos are mammalian 2cell-stage embryos.

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

[8] A rcagent 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



MyCl 2. 6H20, 100 to 130 ng/ 100 m Na2HPO4, 3 to 4

nmg/ 100 M Na pyruvate, 75 to 125 ng/100 m gl ucose,

5to 10 ng/ 100 m antibiotics, 250 to 350 ng/ 100 ni

BSA, and 0.2 Mto 0.5 Msucrose. fill The reagent

kit for preservation by vitrification according to

any of [8) to [10), wherein the manmalian early
[2], [ja [2;23 are mamal i an 2cel | -stage enbryos. [12] The

eagent kit for preservation by vitrification

aqopriientealzond Rit) for Wieke@bihg hhenmaliRkhan 26ehvbs s;trags cells by

enbryos are rat 2cell -stage enbryos and the manmal i an
vitrifidaBonCdcosdiag @o IE[IS? JwhizhESrder lconipkes A call-Hoviapl solution for the

preserving mammal i an early enbryos or ES cells by
mammualitn i dairkya¢hbryoe anrpe$ siellg ptepsedbypritifiedidnngpntaining, as a base

manmal i an early enbryos or ES cells in the solution
materiflon phoeplkate dufioncintaining 012 Mad ®A Meseiogeng to [1] or

[BL%]an cryopreserving the cells jn the solution for

pt ﬂ‘hatrp@gﬁmykwfqrrpneﬁferé{ﬂms;maafe@@ham gtly cpyos (o) ES cells by

4] The d.of preservin [|an
wtrlﬁceﬁevyagc%ghnss teelils guchm RAPPREES; Fole H?lu%?'mgr@@&mg for the

mammbit et b Al Wort e PRee s B N RifRnoR, SDtaiRing, %s a base
maten%iéhﬁ%})gfﬁaﬁéé wg?lc g&{s%t?% éﬁ%%‘ﬁo 96? %%é/ 1&? rz{l%{?ﬁlﬂ 15 t 25 mg/100

ml KCP'EI. &W?s’ 8166 be’élz,oﬁ E&z@%{;ﬂbo mPK$EPO108.5118 1% 5 /100 ml

nutes, and t e resulting solution Is cryopreserve

MgCIzJﬁﬂzéo 100 tQQSD'rﬂgﬁ 008l NYHROE Plo 4 he/s60 unlwmfm[&:zﬁe 75 to 125

preservation by vitrification according to [2],

mg/100m! [dhhcose 15}o TOenglOhonl aftilfintisgrabong Jnmgl imeBIA, and 0.2
enbryos or ES cells by 4 vitrification according to

Mto O.[5]IG]51mros[el4] wherein the mammal i an early enbryos are

manmal i an  2cel | - st age embryos. [16] The net hod of
pkldd oth wggemdﬁhlfwwmé@ww% T %@ﬁ@%tmega@@mlgg B9 any of [8] to

[10], WVI tri ;klr%%tl on 1w‘%ccordl &Ll e v\g e! n 1tr£§g%51@hryos
d
) S0 et i f"&rPrF%er”’% By oReitiatey GoomRag 1 gy wherein
I
o mafRRH 7 Sk S5 GEEaL 1 L BB St 5

cells aréi’)hn?fﬁglﬁgéetlﬁge enbryos or primte
[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 [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 celis by
4



ES cells. Wien animal early enbryos or ES cells are
cryopreserved via the disclosed nethod of
preservation by vitrification that enploys the
di scl osed solution for preservation by vitrification
, high rates of cell survival and of cell retrieval
can be achieved after thaw. Brief Description of the
Drawi ngs Fig. 1 shows the correlation between the
vitrifidativh Yedordidd R 1 8f orfH L ehlefeifhe @ianihalitinaady eRbeRY laf@ammalian
gl ycol concentration in P 10. Fig. 2 shows the
2cellemrgeendirydn bet ween the survival rates of ES cells
after thaw and PEPeS concentration. Fig. 3 shows =
db6ldThe athodfof aresetving wammadian cadly eabeied opESpee by vitrification
concentratlon Fig. 4 sho e surv val rate ES
accordglg © 14} avhergimfhe mammal m%@%ﬂstﬁgee@a ey At Rt 3&5(—%&,‘3 embryos

echnl Fi g. results of preserving a
and { ?E’Pg’]“f ng§ CE% Eg%mlmfimﬁ:‘est %&5 the method of the
present invention. Fig. 6 shows the results of
staining the marnoset ES cells preserved by
Vit rsbfuhs@mr%seﬁagen By $ROMEatibh 8cdofibg tStheistRShrk Msuitably used
teratonma devel opnment with the use of the marnoset ES
for pebivingdnfrasirsaelgl embridstdri BY eellsi euth o5 ridr BfeBirstagd embryos or primate
Enbodi nents of the Invention The solution for
ES cgise $@reviangnaleanhpbinbryoe ar E§ celiharg osyopresg@iSed elal the figclosed method
vitrification according to the present invention
of p@m@t@eby vasifigatings thafrgng 94| theadlsiiﬂwpw&w@nb {arf peservation by
es, of s sol ut | i.ncl ude onpr.i s
VitiiES T B PSSRV PR PR AL S SYMErSl Gy LB
and PEPeS conprising PBl, propylene glycol, ethylene
gl ycol, Percoll(r), and sucrose. PBl conprises 700
Bﬁeﬁ]@es@%@udﬁ%ﬁ%%mg’%nd preferably 800 ng/ m, Nad; 15
m, and preferably 20 ng/ m, KC; 8 to
Ig. ng/sﬂl@@s e cafdathebawadd yhel dirvivgl &G off ESGaflh 2fied $haw and
to 25 ng/100 mM, and preferably 20 ng/ 100 m , KH2PO4a
propylefte glpcol t@:lénmﬁohﬁﬁwm and preferably 10 rrg/ 100 m ,
02. 6H20; 100 to 130 ng/ 100 m, and

1g. 2 shows the correlation between 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.



preferably 115 ng/ 100 m, Na2HPO4; 3 to 4 ng/ 100 m ,
and preferably 3.6 ng/100 mM, Na pyruvate; 75 to 125
ng/ 100 mM, and preferably 100 ng/ 100 m, glucose; 5
to 10 ng/ 100 M, and preferably 7.5 ng/100 m,
penicillin O0; and 250 to 350 ng/100 m, and
preferably 300 ng/ 100 mM, BSA. A typical type of PBI

Prefe?Rd BBo&igddRsht fHRMndsntidioWn in Table 1. P10 is
prepared by adding 5%to 15% (v/v), preferably 10%to

15%HeV lse)uticandor Plekévil@r inympiAf=ar @atly ba%rivé vor ES cells by
propyl ene glycol to PBl1. PEPeS is prepared by adding

vitrifEdibn a&Ydrdingv}le theepmseal yodhtion thAipfists;) as amdbase malerial, a
particularly preferably 10%_ (v/v), propylene glycol;

- phosplBae thaf59% Bramplesand snchi solabiby GI(BMCKCVE\]!? C@npysegea modified

ycol; 15%to 25% (v/v), .and preferably 20% (v/ v

phosx%@m Suffer YPBahand nopylsng gngolaprd PiPsPerampysing kB 1, propylene
ucrose to PBl. The solution for preservation by

913’00 iathylepe ghicgh Peael P o Sus0shne present i nvention

?ﬁasq‘%r%%%zz&?onéﬁém' 116 75 pte by, BB et al. act; 15 10
2 w53, AT Q'Vtef:iis%@ﬁat. BB prferatiy 12
me/ PR €008, 7, Rl ed%zéfee; BRgGan Bl 75 1
1251551110@%'1 ﬁﬁ&%r@fem%%ﬁeﬁ%gew M% Qﬁmcﬁqﬁkﬁotte 1308%2/100 ml, and

(V/v), and prefe % (v/v)

prcfcrﬁf)lsrr BT igl/ DO gh] SNHHP@E; m4czﬁgnr0|03ﬁ1 Gidﬂqjsreferably 3.6 mg/100 ml,
antibiotics, such as streptonycin or gentamycin,

Na pymsateaasab h?eﬁwmgjllw malOxend nprefdrabiyy 1 0k nog hO sekl giﬁca‘sc 5 to 10

6 plurality of constituents. Al so, the solution may

mg/ 108omprandepretarably sk p m/ﬂ 96 rwlh @ﬁ%@llhnsfﬁie@pi 23bm 359 lmg/ﬂa@O ml, and

like, inst ead of ESA bovi n? serum l bumin), . In

prefergbly ?&0,3% 0 mheBEfon, A ﬁﬁ%"%léb’@%f’ 81 has theromposition as shown

Thg(?ris,erved by vitrification are manmalian early
in ryos, although the aninal species or enbryonic

Stﬁ?)e?sa@' arrég % ejgx? Ité‘ngtf)esl(vl%ﬁoﬁ % ?el()% to 15% (v/v), and
particilafly y;gagk&aw umt v? "FrofPlefic ‘gé‘?rgf'@plr é‘s‘lgj?ﬂ\’/%$lt1%%§epared by

addméOE%/ td nsg Eﬁf,; g;}i%im&dlm@o 11894 [tervy SsEphrtidtVeRt pRiFerably 10%
I ncl udes manmal

(v/v), propylene glycol; 25% tcr 35% (viv), and preferably 30% (v/v), ethylene glycol;
15% to 25% (v/v), and preferably 20% (v/v), Percoll®; and 0.2M to 0.5M, and
preferably 0.3M, sucrose to PBl. The solution for preservation by vitrification
according to the present invention does not contain glycerol or polyethylene glycol. It
exclusively contains propylene glycol or propylene glycol and ethylene glycol as
polyhydric alcohols. The solution for preservation by vitrification acecording to the
present invention does not contain dimethyl sulfoxide. PEPeS may be further mixed
with PBI and used at PEPeS concentration of 50% to 100% (v/v), and preferably 75% to
100% (v/v). o

The aforementioned solution may comprise other antibiotics, such as

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



cells. ES cells are mammual i an ES cells, and

preferably primate ES cells. Mammalian enbryos can

be obtained in accordance with a conventiona

techni que, and manmalian ES cells can be established

in accordance with a conventional technique. In the

present invention, preservation by vitrification

i nvol ves the use of the aforenentioned P10 and PEPeS
pluralify) ok congfituentan lse.sthensadnten may soaysisgefgtainmetuafrom horse,

enbryos by vitrification,  manmalian enbryos are
sheep; goaty %@eﬁ% r@t@ﬁmfs%fﬁt(i-sﬂ bpyeseays algtimig. by

vitrification. for. 10 to, 20 mnutes, preferahly 3 .to. .

e i, B RoinyRlipE. BlorERry IS pelbeandy vitrication are

| ner sion be rried,qut .at . roomtenperature (22C
mammdl LY b A BleeR o Sniflg BESTeS e Rt ffees are not

- SUDJ : rsi p . eatme are .. .
timitefl, PhIEREE hebids IR BlofikaB BRhEP b brfhEh B Rt ticularty
ts, &l whd@NpraBdpide r | Iy I 0 :
s andgx?ﬁrgf gjrrabl )}/DH%C, 2?%%1 &Si%}[erézﬁ bl?ggsg%f fgé%g%dé tgﬁhe target of
preserVAHBH BP vitPHREGORRlcYordthg BEARNERsdM iRvERtiud BRlu®RYnammalian ES
nore preferably 1 mnute. Thereafter, the cells are
cells. kBBtcells ardPi@mrhali 4088 eeils] fidopicligabRatmsal BS icels.f OMammalian
preservation by vitrification in that state, and
embry¢themn be obtminat imatewdtreepeithtacenvehtioAfiGE€chnigueyweid mammaliag
. Freezing may be carried out wth the use of, for
ES cellsxambieesstablighedimpeqosdanee Wite 2 cohvensional teshoique.
errbr])‘/o- containing PIOto enbryo-containing PEPeS is
11w ghe gresgnigvestione preseyvaion: by witnfiatignogvolieg the use of the
noy.e ra 5,95, Alternatively, PIOthat
aforcm&ﬁﬂ?%%gfiﬂ’bc%ﬁgsﬁ50%“’??02en is introduced into 4

t 0,.. pref.erahl re preferahly 40.to . . .
GE,HEglndt par t’flgelﬁlag%{ I 35(9 %f&g‘z era V%%E?Pnggﬁ)ﬁgs vBY uifrification,
The . ot i : | T
mamm e E2500 0 BB 0 SOLMAON: QpLA 8570 viincaion
for 10 R 26 ShivelcdsOPreFérabPB UOSI Ohifies; YldSmBYe preferably 5 to 10 minutes.
vitrification. Thus, this solution can also bey

Immersi@f olayele tATieE dut W kedmeRinpeim@0(22PCaB A8C). 7 Subsequently, the
preservation by vitrification." The enbryos or ES

embryosgelwisch hitd weer subjeqiedser nadhdryionhas netshad off pretreatment, are

. preservation by vitrification according to the

introdugpdeiggh g cryprapsdreatiominbeevith dut BHO selutinn, 410 thewicsigtant is cooled
manner. For exanple, a freezing tube containing

at 0°C lfor.i)"grﬁném;p%gblyrof'gg foppgvergldens of seconds to minutes, preferably 30

seconds to 2 minutes, and more preferably 1 minute. Thereafter, the cells are kept in

P10, introduced into the PEPeS solution for preservation by vitrification in that state,
and then frozen at a low temperature of -196°C or lower. Freezing may be carried out
with the use of, for example, liquid nitrogen. The volume ratio of embryo-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
7



renoved fromliquid nitrogen and is then allowed to

stand at roomtenperature for 10 to 60 seconds, and

preferably for about 30 seconds. Thereafter, 5 to 10

times its volunme of a cell-thawi ng sol ution

mai ntai ned at roomtenperature is introduced into the

tube, cells are thawed, and the enbryos or ES cells
~_may. be then.washed with a cell-thawing solution. A
Pleseﬁ"@%/llont QWA Ntion is not linited. An exanple of

| i/l u ‘fgﬁ %%B;ﬁ(# sg{mlra%s;}:egg éhe,%/l%%lﬁ gq?‘ggé%ﬁﬁgg% 2;9' tgé %1&%5(? 69 p?eservation
vy RIS, e TSR L i i g

Cryopreserve

mann&<Ni BRI ei'alma%t' cf[e \%«%gg{%e%ﬁé’ ic%ﬁkaﬁé&_ﬁﬁo&&?%rﬂﬂ@o@ &N B cells is

rate of fet nt after ryoni c

removedaReR | 1Bl d hitdenMrdOis thiiLaliSweehd stahRak r¥6Hh Yemperature for 10 to
cryopreserved by the nethod of the present invention

60 sedalbbadd prefier@bly Bireatotit 8Qrs¢toiils. afltREedfitals a0d 0 times its volume
mai ntain a nultipotent state. The present invention
of a cklirthireing srdirtide snaintadmgleat rdon témperanesdsvintrgdoced into the tube,
manmal i an early enbryos or ES cells by vitrification
cells araghawehpmdstbs anlryas or dteerlisomey tRlthen swished ovith arcell-thawing
reservation by vitrificatjon separately fromthe

.p Tif .
solutiqaepe’s ceBitha g sptiopicael hatedn By erampleiafauchsolution can be
preservati on

. This kit fjirst use he P10_.soJ.utjon for .
°btalﬂ5‘€ I"Y\ﬂﬁfilﬂgf ‘:’-éj\’[itB r9-§ Bﬁﬁd’ﬁﬁ E&fﬂﬂﬁh‘rﬁaf Mosuszeselodhs Afosementioned
rei. O ES cells to pretreatnent and introduces the

“ mammal i an early enbryos or ES cells into PENS for

C IMAPLEBEION WO er Sry TNk ANP By AN Mol F FE AR vention

t he pres I nventi o

exhibigﬁtmgﬂ-:"ate Branplies The Bl-esanl 4 nvantkenot &tﬁeﬁ\?ﬁg&ﬁﬁeﬂt after

escribed in greater detail wth reference to

embryéiik hewsHgn@XalP| @d50,aht ESUBIstthe WaehR| Sptksd¢aPBy Phe method of
the present invention is not limted thereto. 8

the prEscanpineediioPreddbivai i ldghofate adf Zoplivalstafige thatyr yad baintain a
vitrification Rat 2cell-stage enbryos were used. Brl

multipgignt Stetst @cl (GALAS) rats were
The present invention further includes a reagent kit for preserving mammalian

early embryos or ES cells by vitrification that comprises the aforementioned P10

solution for preservation by vitrification separately from the PEPeS solution for

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 detajl with reference to

the following examples, although the technical scope of the present invention is not

limited thereto.



enpl oyed. 8-12-week-old fermale rats and

12- 24-week-old nale rats were enployed. As test
enbryos, 2cell-stage enbryos obtained fromfenal e
rats that had been subjected to superovulation
foll owed by natural mating were enpl oyed.
Specifically, 150 |Ukg of PMSS was injected
intraperitoneally into female rats and 75 | U kg of
hCG was i njected intraperitoneally 48 hours

EXWM?]C %%rv HEI?%EFAA[%EH’SSE? i?CI%l rr?’ 082' yh%éfn%lrr@a‘i‘r s were
S LA IO S50, B0 PO ADAL et v

empl @l | gS{AQRRRA YoRale BLS aRA P04, \I/é&”(;;lfd eErdt@lfere employed.
on the ovi ducts _

aving positive smears-via perfusi

As wﬁ%mﬁi‘?él& 370@f1ts‘%£%et Q8 biydis (HichiaBd Forh FmalthersSHAPhEE been subjected
enbryos were cultured at 37Cin 5% CO2 and 95% air

to supcBdvid@psOfolBve] by hahi@ul matdo e auplosed. edSﬁ&lﬁBﬁly 150 IU/kg
test. The P10 sol ution, which conprises the
of PM(BE uvao mnjeétcﬂommapadiombmﬁp hate fedaufef exts (aﬁdb?? IﬂJ)’k@rtd‘ hCG was
10% propyl ene glycol, and the. PEPeS solution, which
injectesb niptriapestonhaly Fm Botmst ithereaftens piRedy | e gmbgmtx;d to mating
30% et hyl ene gl 20% Percol 1 G, and 0.3 M
immedjgiehpakicr heiriceh @i}b@ smegrs were; seapleshthefolewing ayprning, and

e T ok e ekt o
were Sﬁ,‘lﬁ’ﬁf&h’?& gerﬂﬁlarﬁﬁséﬁf@glapﬁhvmmle}&r@31%012 the ov1ducts 45
hours RMEHHRL ﬁje%‘ti%n%yﬁ@é.e Jf%g's%mplfgél ie%ﬂr&é?w@rgbamred at 37°C in 3%
CO7 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 comprises the

PB1 solution, 10% propylene glycol, 30% ethylene glyeol, 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
KHoPO, 20.0
MgCle-6H,0 10.0
NaHPO, 115.0
Na pyruvaie 3.6
Glucose 160.0
Penicillin G 7.5
BSA 300.0




BSA 300.0 9 Preservation by vitrification was
carried out in the follow ng manner. The 2cell -stage
enbryos were inmmersed in 100 gl of PIO at room
tenperature (22Cto 25C) for 5 mnutes as a step of

pretreatnment. Subsequently, early enbryos were
introduced into a preservation tube (Nunc 375353)

Wi PhesorvatiohPap vifrifid=giondwly @egkd ngr @t tRCIAIwihg manner. The
m nute. Thereafter, 95 | of PEPeS, which had been

zcell-emgbe&nbgroeﬁvemmmbd deutel ineO Pl Deatt o téhpedature (22°C to
the tube was allowed to stand at OC for 1 mnute, the
25°C}) ddwe Swagnitas rasdaiceiep iofit pretieetmiémjui Gupbapently, kadyiambryos were
nitrogen (LN2) for preservation by wvitrification.
mtrodnned prrte sepros vl wb@r@i@@sﬂﬁéﬁ@ wikfepl 'vﬁPifhéollowcd by cooling
[ ow ng manner. The t was transferred fromL

at 0“@ éoxr b arimuggyp ek haresfEere Sﬁd-rlwfoﬁEPE%,owhmh lexd mlcwigd to 0°C, was
mtrod]b\pi)(i%?tg%gdﬂggepr Me&%&r%ggcﬁg \gl? tg)hs%%ﬁﬁgggrc for 1 mnute, the
wbo TR ALY SBSEEL00 SR B UGS Bl YR gucseration 1

v1tr1ﬁ§eﬁfc§1§’ enbryos were recovered with the use of an
egg-sanpling pipette. The recovered cell clunps were

t r"ﬁibsgl%rsﬁﬁ@d'éﬂ}l &ty ol k@ eatlaed ?ﬁ%@fé]% grﬁhﬁh‘ﬁ(ﬁs The tube

washed two tlrre wth the PB1 sol ution,

was tR#RF@fdRdd® LR ®URSQHUEihpéhire c&eeaﬁra,ﬂsatgw af of SPB1 was
pretreatnment The enbryos were inmmersed in Pl O for

introdacedldpproxivtaedy 30r oshdy theckaifier,canSRipdtting avad thers bm‘xed out4 or5
three tinmes with PB1L 2 minutes thereafter.
times fhmedidtelyrtherefier. s uSwhiseabenthys thé nbpeet eefutiva was transferred to a
nDrphoIoglcaI observation of enbryos under a
petri dighe ppd spearlyrerabryngrwergiraep ies yau theuse §ﬁm: eegwampding pipette.
tra plantatlon and, fet dev Iop was
The rqoﬂgﬁégt clyhips ruprestrgis e 9Bt°aﬁ3\1n plap 5[3 B stngt) for 2 minutes,

waste 54 ARS8 0By S8R, SRS 7B ?%?oaﬁhgowﬁ%%%flﬁtest

t he cases of imTerS| on for 5 mnutes or 10 m nutes
(i.e., 72.4%to 81.7%. This indicates that

Exm]hmﬁwtﬁgﬁ%ryos in the pretreatment solution
does not i1 nfluence the enbryo

The embryos were immersed in P10 for 5 or 10 minutes, transferred into SPR1,
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



devel opment thereafter, if inmrersion takes place for
5to 10 mnutes. 10 Table 2 Rate of enbryo survival
after pretreatnent Pretreatnent tine Nunber of
pretreated enbryos Nunmber (% of norphol ogically
(mn) normal enbryos 5 76 76 (100.0) 10 60 60
(100.0) Table 3 Devel opnent of pretreated enbryos in
uterine Pretreatnent Nunb&kble?® of fetuses Nunber of
transpl anted enbryos tinme (mn) experiencing

devel opnent - Radebof oinbbd S@vivis afier pretfeabfiedt72. 4) 10

60 49 (81 7y Examnmatiomofpreservation b -
Prctre?ﬁe ¥11 St ofubpat G REATE A R rgad T ;Eauzal:ypr {?@ of morphologically
TRIEr s ng the enbryos in P10 for 2 5 __or pgrmal embryos
manutes. A control entiGyo, which had not beer¥ét(1€a:®d
wigh P10, was providegg Thereafter, the enbrgqsoneye

transferred to a tube wth 5 T of thé solution,
followed by cooling at OC for 1 m nute.

Subsequently, 95 gl of P etiSr 0C) was introduced into
the tube, and the tube wa$*{fit’r oduced into Iiquid

nitrogen 1 Rinyte | Mistridfication.. After the
tube was trgﬁ‘éé)lg‘f"?]ga{&#%’fﬁwg{cﬁ%ﬂi%ﬁgﬁw? gbg%mtng room
Pretreetmpmitat uge conditions, 900 .| of SPBl ¥G#AGkr of fetuses
timé [thilduc glguf“::t?&f 83% if?’&séﬁl@g (?B?Pd'go? her eafhef m&%zevdwmw
CAREL TNy Was T hen FTied out approxi natei%ﬁ’g 0

%mas for heating. T% recovered enbryos wer :

3 1 solution and washedt{{Ped

t
ihtroduced into the
tPres with the same ®blution 2 minutes thed@4BildD.

Thereafter, cell survival was inspected via
nmor phol ogi cal
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 minuie later for vitrification.
After the tube was transferred from liquid nitrogen to room temperature conditions, 900
pl of SPB1 (37°C) was introduced thereinto 30 seconds thereafler, and pipetling 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 via 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 embryo survival after thaw. The percentages of fetuses

11



observation of enbryos under a m croscope. The
surviving enbryos were subjected to enbryo
transpl antation, and fetal devel opnment was inspected.
Except for the control enbryo that had not been
treated with P10 (63.3%, the rates of enbryo
survival that had been pretreated with NO were high
develépedefromABatrdd embrid @UbleTal Mhieh) hadrhosbeeavestedi withak 10, was 0%.
i mrersi on of enbryos in P10 as a step of
Whenpsiabryestwaze pretoestet wighr DG therpaty ofdevelopmentfyasr45.5% to 65.2%,
thaw. The percentages of fetuses 11 devel oped from
and thettdplcst cath mesobtaiapd when theBmERY Maycisdteaied T+ BaREES-
"~ with PIO, was 0% Wen enbryos were pretreated with
Pl O the rate of devel opnment was 45.5%to 65.2%
and the highest rate was t.ai hed when the enbryos
were treated for 5 rrinuteia 5% e 4 Survival rate of

cryopreserved 2cel | -stage ryQ,.att j :
b b ¢ SRR S TKERIGRE V61 0Pt ol e AtteE Brrine,
tim@r phol ogi cal | y . (i n), nor mal Nemdbey 0%) @f L28plélogicall
Pretréatibetd "2 121Ny C(Qé.vﬁylﬁeg] “’Pé@y'iﬁs (92.0) nﬁ%&;gﬁl&;& S
97 8)—Tabte 5 Devet Tent—of cryopreserveo76( 3
2cél | -stage enbryos i terine Ilmrersion ti mer
ofztranspl ant ed NurrbeH](% of fetuses (mn) y
exPeri enci ng devel opnb#t  Control 105 82 (7816 (98-006
03@0.0) 2 132 60 (451 5 115 75 (65.2) 1061PR.%9

(59.5)
“Table 5
Development of cryopreserved 2cell-stage embryos in uterine
Immersion time Number of transplanted Number (%) of fetuses
" (min) embryos experiencing development
Control 105 82 (78.1)
0 76 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 Zcell-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 clumps

separated via trypsin treatment were recovered with an egg-sampling pipette and vsed in
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As is apparent fromthe above results, a nethod of
vitrifying enbryos after imrersing themin PO for 5
mnutes is effective for preserving rat 2cell-stage
enbryos when a novel solution for preservation by
vitrification is used. Exanple 2: Preservation of

mar noset ES cells by vitrification As marnoset ES

the présekVationt pckiglent | i nes, i.e., No. 40 and No. 20, which
were established by the Central Institute for

EXpaht kel oPApicgivatiod agavijrificwion aeptdiygdo theSmeadsit invention,
E. et al., 2005, Establishnment of Novel Enbryonic
the P1Stpatr&aient soletiobecmpeitidg BRI anidel IC6 propyvee ghoel and the PEPeS
(Calliihrix jaechus), Stem Cells. gl n press)} The
solutigetémptisimgsPB bepefeapmgylang glygls i39% céuntlesng mﬂ,eZO% Percoll®,

recovered with an egg- Sar‘r'p||%]§n pette and used i_n
and 0.3 Mtsverqpessenensefion [ slirsy.i thenibB) sokugienrgompyésipg PBI and 0.3 M

reservat| on by vitrification according to the
3“01'035?'%6‘4?? invention, the Pl O pretreatnent solution

: mrr%%h?% iprs B el %ﬁ%?spﬂ%fﬁv@f gy 0Ra e 2, Dot 1
Do T ETE! ?f%ﬁ'f SR S SRl g 923, Y SR BAgsO, 1 ma
of acotnfl o2t Moy S TSGR #@S?ﬂaé'n‘*%%eﬁﬁi“‘@‘%ﬁ@&’ﬁé (kE8binost B

E. et al NHunymn REFGA. %P'léi 4~§) 11)1@381—]25‘9)4), tﬁc@‘fpgélﬁnéﬁ'déhiﬂﬁmg 10%

conpri si ng PB1, of acetam de,

DMSOandFES vk vekd. propyl ene ,gI ycol vvas used In sl ow
freezing (Reubinoff B. E. et al., Human Reprod. Vol.

165 ddlls e pPds8in-cl:on) thatvied iSEhesiillovwiog noomer.i si ng
10% DMSO in FCS was used. ES cells were preserved
afdlltdhamps wene immersad ionl ny ofdhifeat room terepagaysc Q%?r"@ to 25°C)

imersed in | m of PIO at, roomtenper at (22C t
for 5 npmtes ap grstep pf ppteadtmenta sybpeqeny Vet%Pé&kjlnéH{nPs were introduced

o SHEATIOH o A VS AR R Y o o

1 minuge5 fhvggai%ijgg%m%sogv%g% gl d b eUto%lc E?e hgéf 58 satroduced
into th% %ﬁeo‘ju}gﬁéajrt ﬂ%gﬁ:?oﬁ\p% 1806 ea 25 tsﬁr{epdt eﬁeO"tC“?@r Y‘@ﬁm@lte! e dube was

0 stan n nut e, t ube wa
introduced into the liquid phase of liquid nitrogen (LN3) for preservatmn by vitrification.
The preserved cell clumps were thawed in the following manner. The tube was
transferred from LN, to room temperature conditions, 900 ul of SPB1 was introduced
approximately 30 seconds thereaficr, and pipetting was then carried out 4 or 5 times
immediately thereafter. Subsequently, the thawed solution was transferred to a peiri
dish, and the cell clumps were recovered with the uée of an cgg-sampling pipette. The
recovered cell clumps were transferred into PB1 and allowed to stand for 2 minutes.
Culture was initiated thereafter.

Preservation of the conirol embryos by vitrification (Fujioka T. et al., Int. J, Dev.
Biol. 48: 1149-1154) was carried out by introducing the cell clumps into 200 pl of
DAP213 followed by cooling in LNy 15 seconds later. Thaw was camied out by

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



introduced into the |iquid phase of |iquid nitrogen
(LNZ) for preservation by vitrification. The
preserved cell clunps were thawed in the follow ng
manner. The tube was transferred fromLN2 to room
tenperature conditions, 900 | of SPBI was introduced
approxi mately 30 seconds thereafter, and pipetting

was then carried out 4 or 5 tinmes _jmediately .
900 wihefr BBt e 37%0biddersed by, Pindtithane@vs dTepeing Wagscarried out by

) transferred to a petri dish, aﬁdth,e ceII‘cIug})s ;
introdueing the sl slwapsirita 10Raluebtigr SIS soluggnal pppmfgmperature, cooling

the cefligmpiio A CAtPaRAIT b Cpy ad PE EHe e TS Sfte O/ and
-, pniti d f . 4P ' . .
ten SRDEDGL G5tk bPBICRlbEryoc i AR 98 Wit 508 Eaboung e
De Bi . : - . ' o
e T e AT S a8 R0 BN B apa then washes

with PR3 | owed by cooling in LN2 15 seconds |ater. Thaw was
carried out by transferring the tube preserved in

LN2 41 thOREb&@MBRNEAK0N GeIF @Ndthpd e dRGodIdadol6 i MGube and then
13 900 | of" PBI at 37C, followed by pipetting. Slow

preserbé@ a7 tHROIIY@EE phaké oA NUTorby daynt rehecilnybedef ded bame type were
clunmps into 100 | of the SF solution at room

used. tenperature, cooling the cell clunps to -80C at a
rate of 1C/ mn, and introducing the resultant into
O N and then into LN2. Culture of the preserved cell
clunps was initiated after rem)vl_n the tuhe
qripr

f )
Determuimption gé theetqneentapien oethe SO Preseiigian atf{ﬁggfatwﬂ
o I ontsran Ses b P18 ideEmtasion” FRimAMS elycol s gdded to PBI
.and y, o ld . & Dreserve
at congeliRsdnSol DFiasoR R SR S, | el iGnPoBPRoOU0 W preserved

in the ggﬁ&i?gﬁgﬁg@gm 1P Brdr thNEcmPRe QRE MatPaEn c&ﬁcehﬁﬁtign, PEPeS was

preservation by vitrification In order

diluted ¥igXBBINQ Y% RDY; Cone @3 ahd Ahe cRIlOH ewgitey Bfserved in the
was added to PBI at concentrations of 0% 5% 10%

resultiﬁ\% dil&f%ns. Thefieeptesetvatips, die dell ciinpenerdhestedy edturenwvas then
the resulting solutions. In order to exam ne the .
initiatédFPefd ¢bhocenvival iretes PERsS whempsli wWes eebseived RBfet @n inverted

75% 50% and 0% and the cell clunps were preserved
microsiopg hdays thereafier.

Through the examination of P10 concentration (Fig. 1), the survival rate of the
embryos preserved in 0% and 5% solutions was found to be significantly lower than that
of the control embryos that had not been preserved. In contrast, the embryos preserved
in the 10% (P10) and 15% solutions did not differ from the control embryos. This
indicates that a solution containing 10% to 15% propylene 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



resulting dilutions. After preservation, the cell
clunps were heated, culture was then initiated, and
the survival rates of cell clunps was observed under
an inverted mcroscope 4 days thereafter. Through
t he exam nation of P10 concentration (Fig. 1), the
survival rate of the enbryos preserved in 0% and 5%
i trafbh €304 o didaét significant!
P B R e o ot " it significantly
differ PHORET 18 cohtiolC QiBg8s., tNBisemidiv@gs PiiRsehVediution tWith PEPeS
10% (P10) and 15% solutions did not differ fromthe
conceS@MGIObf BIUY% YO I5%eMRictTectingdfoareservhdbn.a Hokevenna lowered PEPeS
containing 10%to 15% propyl ene glycol is optimal for
concemraiar eads mthofdevitificatiyn of thd fdluaen.onWhite spots were observed op
cryoprotective agent usually induces cytotoxicity as
the vitrifedconfentpaatitwarly én papbuton Wb PEP£Sswingentsaiion @%75% (Fig. 3).
the | owest propylene glycol concentration of 10% was
This indishtsyabat Pagt oifgthet srduiian hesame st yaallmege gvhich indicates that the
concentration (Fig. 2), the survival r of he .
preseréﬁiﬁwd&iwém(}%ﬂ %l‘?? ‘)é{ﬁ@qu}t‘H"é‘i'Pgﬁ“PHS- Pgtg@ a solutfon with PEPeS
concenttrézl:qitvon of 0% or. 50% was ftound to be
concendrationsq ¢ yrap OYGPT IREETEF P e control enbryos.
In contrast, the enbryos 14 preserved in a solution
wi th PEPeS concentration of 100% or 75% di d not
E.ani g . e control enbryos. This
Comp E’l%nsg?cvgltlﬂggﬁ)ttcké{esghs?glﬁﬁtt%}%ﬂg\%%h PEPeS concentration

ofrhd QP e RoYubhswed Lie&d 1o/ BorphrePtheSREali ¢Mthe present invention
However, a | owered PEPeS concentration |eads to the

with c@8Védtidohl aadlindquedl tTie sodthéd af. théhiptexespaheentiome a method of
observed on the vitrified surface, particularly in a

vitrificatibntwitin thd tde FFPAPAGH oe rslowatirasgingf was wipyed B)x. preservation.
This indicates that Dart of the solution becane

Comparisys tveds| dazmiet] owhby: pbperingthesurpbar efirarviving el ghungps under an

. condi tions in tlég t ube were ncgi honogenous. Thus, a
inverted apigressAPet gy pEBEIShedB AR AW DT 100% was

enpl Qyed for preservation, Conpari son with other
e Brncn v coeliics BIRETBORT FPREONSI N gad g gembryos
tQ.C et he,.met t [ [ ' kD ved i
preser 1 STRRS I e S N RSB oF HEBL s pbkdivedin s
i pventi :0f i fhcat d; i t us f
o, QNEARos IpUEPRE 8 AT ! gl | 8. 5038 ety
preservBf GREPEPLS QRhibited a significantly higher survival rate compared with the

embryos preserved in DAP213. Even though these techniques involve preservation by

vitrification, accordingly, the method of the present invention was found 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 thereafier to inspect the number

of surviving cell clumps. -
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Conpari son was carried out by observing the nunber of
surviving cell clunps under an inverted m croscope 4
days after the initiation of culture. No difference
was observed between the control enbryos and the
enbryos preserved in PEPeS (Fig. 4). In contrast,
survival rates of the enbryos preserved in SF and of

they "‘ﬁ{eey g%o BE QAT N WD, Q??&l@ NE" £0,She i fi6dB4 Yifference was

| ow. ryos preserved in PEPeS exhibited a

observddIdiiveER k4 Moﬁ}}&héﬁbxgé%\ﬁnﬂatﬂw IR y69 PRAeBEMbY RittifRation (Fig.
enbryos preserved in DAP213. Even though these

5). techniques involve preservation by vitrification,
accordingly, the nmethod of the present invention was
found to be nore suitable for preserving marnoset ES

cell's. Conparison anong a plurality of cell |ines
Maintktidrice ol ESued] widiffetdntiafadegiatiafic Preseevation 20, whet her

or not the nethod of the 43resent i nvention was .
ef Witht theeuseopf seHelineseNo. |4thaad\ie. eQailisther ampet the ES cells

exam nati gn carried. out b r.eservi
sve

maitaned PiiguaREe oSt R pror v RIS B BLTA0B. A aeating was
examiggly o Thopearves el SHEREeeRs nemin il 08 50RG hgiod of time,
i 5] LB 01 SRS USSR et 56 S
phospREkAEERcLNBA GO 0ol BEPESIn Hinldd e BTREY OTPRIBRELY EEM clumps

were déﬁ%}%ﬁﬁaml}?)baé c '\%icﬁhﬂﬁahﬁbdmﬁéﬁrm%imwgoﬁﬁ/wﬁu), sampling
e .

use of ¢ i nes 40 and No. 20, whether or not

was ciRdE&iC8| mdnthaviandrpianddicritenandeddlepranht by ethestrahsplanted cell
after preservation by vitrification and heating was

clumpewasohsdvedlhe preserved cell clunps were heated,
cultured for a given period of tinme, and, then
exdhtheestainguEasperingsta produged scoplts ip guaond with those of the report

concergias oPREPERHTH FIUAELSVREH . Sifte TEndi e ment of Novel
et L B PR G S o
stem GHs{ 8 by L s eep@hith P b AR UEV AR (Fig. 7),
teratoma development was observed in blood vessels, muscles, and fats with the vse of
the cell line No. 40 and in hair, follicles, cartilage, and squamous epithelium with the use
of the cell Jine No. 20. This was also in accordance with the report concerning the
unpreserved cells (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 deseription, the method of preservation by

vitrification according to the present invention is effective for preserving primate ES

cells.
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cl unps was observed. Al the staining experinents

produced results in accord with those of the report

concerning the unpreserved ES cells (Sasaki E. et

al ., 2005, Establishnment of Novel Enbryonic Stem

Cel | Lines Derived frahat hecléomsioe: Mar noset

(Callithrix jacchus), StemCells (in press)) (Fig.

6). Via the experinent of teratoma devel opnent (Fig.

7), teratoma devel opnent was observed in bl ood

vebsel ssolutimc|fes, prenerving smawntialinhecudye @flbrytoheoxz eEfB cells by

line No. 40 and in hair, follicles, cartil age,
Vltﬂﬁg@fmméi;ng,h@ ] @mq/\xntawrtahea plesphage fuiter bt emthﬁevely contains

. This was al so in dance with the repart.
10% teoléc/m{wh@rqméen b’F%‘s"é“r g Qlc? s #ibierqn the sefption does not

I shnment el Enbryonic, Stem
contaify GiBieTR T UBH T O TAHCD A BT o B eI R pieservation by
vﬁﬁﬁ%qﬁyhus) StemCells (in press)). As is apparent from
%é1¥ore90|ng description, the nethod of preservation

by, W LIl RPN 1%8&‘%5:% Warhfhalidf Qé'ég?e%}{é‘a %\ée%iﬁ?@ cells by

is effective for reser ng prinate

vitrifithifn ésinSliahges & Baselmafird®) dgfyﬁ&‘rﬂhgt%rblﬂfe‘f'stﬁeﬁtvé%swely contains
mammal | an early enbryos or s by wvitrification

10% t6arERs I(\S/'v?] gropdert $3861 4Rt B3%ab.35% (fh &ebglﬁf&ﬂras polyhydric
that exclusively contains 10%to 15% (v/v) propyl ene
alcoh@lk yapdl fustepOdbnthindr i 35 ab Q3O [(v/viMPerwili® hhé osDMittb @5 M sucrose,
does not contain dinmethyl sulfoxide, the solution
wherelethrgohsanth dass ot ebnedt demdthylorulfoxeder vat i on by
virtification. 2. A solution for preserving mammali an
eat.l thenmly‘@@l olor B8 esenving b'g{ammahﬁqu:ag]a/t icorpryos or ES cells by
conprisin as a base material, phosphat e buffe
vitrifigaiign é%&rg@gv@l ¢lagn} @pﬁmrlsm@/gﬂ% tqsi%O( wg&)O(bmdplﬂthew to 25

d % % (Vv/V h | |
e/ 1 Qi RGE 0 19 SBADE okt Holo 25?%%. ﬁé"ras%%%%s to 12.5

o/ ot bl BBl el i L 3 s

75 to b P Al RSt B B R Hal o RLR RS .%Sﬁ?é*%?gﬁ lgToo mi Bsa,
and 16%%r1'53% TQ/VY%QOﬁﬁGI?eO 81;)58 ,Jvagerggn PN ChrutidR dods 0t contain dimethyl

sulfoxide, the solution being used for pretreatment for preservation by virtification.

4. The solution for preserving mammalian early embryos or ES cells by
vitrification according to claim 2 comprising 700 to 908 mg/100 ml NaCl, 15 to 25
mg/100 ml KCI, 8 to 15 mg/100 ml CaCl,, 15 to 25 mg/100 ml KH,PO,4, 7.5 to 12.5
mg/100 ml MgCl,-6H,0, 100 to 130 mg/100 ml Nap,HP Oy, 3 to 4 mg/100 ml Na pyruvate,
75 to 125 mg/100 ml glucose, 5 to 10 mg/100 mli antibiotics, 250 to 350 mg/100 ml BSA,
10% to 13% (v/v) propylene glycol, 25% to 35% (v/v) ethylene glycol, 15% 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 obtained by mixing the first solution consisting of 700 to 900 mg/100 ml

NaCl, 15 to 25 mg/100 ml KCI, 8 to 15 mg/100 ml CaCls, 15 to 25 mg/100 ml
17



ng/ 100 M KCI, 8 to 15 ng/ 100 m CaCl2, 15 to 25
ng/ 100 mM KH2PO4, 7.5 to 12.5 ng/ 100 m MCl2- 6H20,
100 to 130 ng/ 100 mM Na2HPO4, 3 to 4 ng/ 100 mM Na
pyruvate, 75 to 125 ng/100 m glucose, 5 to 10
KH,Pmg/ 1G0tom 2. anhg00thicMgA56HL0, 360 ta0A3800e/MH0BSHANa, ARG, 3 to 4
10% to 15% (v/v) propylene glycol, wherein the
mg/1 @ohultNopydoes:, Mot tociift sugil @l métdhydoseshltd dXi we/1 Whml antibiotics,
sol ution being used for pretreatnment for preservation
and 5P yor33G imatlPBnml4BSPhewsdl thd sacdnst sphuswer Jongreservation by
. ._manmalian early enbryos or ES cells by wvitrification
vitrifigaleqsy dicsgrding cloaichinm ¢bnpricssinga7oeneegirgbon ngf 1the felution for

NaCl, .15t 25. /1000 M KO, 8 1 /100
Pfese@agﬁ@ ,bylgltﬁgc%m%% ing t%&ﬁp@zﬁ ES??B?‘%%P Zé.&s (Wwb/afédess than

2.6H20, . 100 to 13 /100 .M Na2HPOA,. 3 tq 4.. .
100% :fﬁ//’vyg‘ghﬁqm e@rlsg%({ %Efcong grorﬁ%mfﬁ go Iﬂfg’f cOF AR dl&‘reﬁlpgsﬁél,lfomde-

5to 10 ng/ 100 m antibiotics, 250 to 350 ng/ 100 n
BSA, 10%to 15% (v/v) propylene glycol, 25%to 35%
(v/v) ethylene glycol, 15%to 25% (v/v) Percoll(r),
and 0.2 Mto 0.5 Msucrose. 5. A solution for
preserving mammal i an early enbryos or ES cells by
vitrification obtained by mxing the first solution
consisting of 700 to 900 ng/ 100 M Nad, 15 to 25
ng/ 100 mM KA, 8 to 15 ng/100 M Cad 2, 15 to 25
ng/ 100 mM 17 KH2PO4, 7.5 to 12.5 ng/ 100 n
MyCl z- 6H20, 100 to 130 ng/ 100 m Na2HPO4, 3 to 4 -
mg/ 100 mM Na pyruvate, 75 to 125 ng/ 100 m gl ucose, 5
to 10 ng/100 M antibiotics, and 250 to 350 ng/ 100
m BSA, with the second solution for preservation by
vitrification according to claim4, wherein a
concentration of the solution for preservation by
vitrification according to claim4 is at |east 75%
(v/v) and less than 100% (v/v), wherein the first
and second sol utions do not contain dinethyl
sul foxide. 17a 6. The solution for preservation by
vitrification according to any of clainms | to 5,
wherein the mammal i an early enbryos are mamal i an

- 2cel | -stage enbryos. 7. The solution for preservation
by vitrification according to claim®6, wherein the
manmal i an 2cel | -stage enbryos are rat 2cell -stage
enbryos and the nmanmal i an ES
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cells are primate ES cells. 8. A reagent kit for
preserving mammal i an early enbryos or ES cells by
vitrification conprising the solution according to
clain11 or 3 and the solution according to claim 2,

or 5. 9. The reagent kit for preserving mammual i an
ea¢ | Theatobutiens fasrpresreadiansbpyitrificetio sesardion tasepp fickims 1 to 5,
to,claim8, which further conprises a cell-thaw ng

Whereélbrhft ammabian epply embirey prgrmaamaliag %@%&agsrenésyw I's
AR e S U B B . v

ervin

e HEHP 28t biey WanfR R et s rywtapﬁftb%waﬂahan ES

Ia|n19 mhlch conprises a cell-thaw ng
cdkuﬁ@?ﬁ%?%%ﬂ?g%n mamal i an early enbryos or ES cells

pPresgr y&geﬁ&y kYt' tfe; g)tkés@t‘} 88 mﬂﬁ@ﬁhngarga%@{ggé%r BSocells by

mat er i al osp er consistin

wmﬁwfo%%nfﬂn he sbhutiéh ZR0PMEQ0 cidihn K& 3 afld i é'o':}utlon according
nmg/ 100 M Cadl 2, 15 to 25 ng/ 100 m KH2PO4, 7.

to clail?2 54, /5100 m MyCl12. 6H20, 100 to 130 ng/ 100 m
Na2HPO4, 3 to 4 ng/ 100 m Na pyruvate, 75 to 125
. 106 néagghtikits €or prservify mydmlalinh cafllyi BinbisogSer BS0cells by
to 350 ng/ 100 M BSA, and 0.2 Mto 0.5 M sucrose.
vitrifichtion Tiveordéag émtcldiint 8f whiglr detlroratongmisey avedli-tiawdag isohution for
according to any of clains 8 to 10, wherein the
the magpmatedn earlseembyyosryfifoselly rrepamad by aitrificatibn soriging, as a base
enbryos. 12. The reagent kit for preservation by
materigl, prihpsphnte Baifac eentaming 03 Mitaith? gfisucrmr ein the
|ian 2cel] -stage enbryos are rat 2cell-stage
e mﬁ&'& repgentpiit ﬂ?ﬁ?ﬁﬁﬁﬁ%ﬁéega@éﬂla @ﬂa?aéfypﬁmﬂ?ﬁ}ffé“ GES cells by

b A B S SIS il e o o

0 ut n g res at 0
Cﬁ

mamm%ﬁ ]arlgae(mrbe 3% é)g Sé:rv )i Vit 1C§Xgﬂ d:ontaining, as a base
maten&lr Xgﬁ%gﬁfa"té/ bﬁgelt BS@Q&H}% 1{%6 %6936) ln%% (ﬁﬁm{l - aq1 15 t‘é 25 mg/100

Ion acco

ml 1<:cf1 8 Ry 1§m%1/§0@i]nl 65@1 [y *E&ngfl%/ﬂh@%@fkrf“ﬁo =3 §%'1§ Pg/100 ml

vitrification accor ing to
MgCl;-6H,0, 100 to 130 mg/100 ml NazHPO4, 3 to 4 mg/100 ml Na pyruvate, 75 to 125

mg/100 ml glucose, 5 to 10 mg/100 ml antibiotics, 250 to 350 mg/100 ml BSA, and 0.2
M to 0.5 M sucrose. |

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 acc_ording 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 ES cells by vitrification comprising steps of
pretreating 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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wherein ES cells are imrersed in the solution for
preservation by vitrification according to claiml
or 3 at roomtenperature for 5 to 10 mnutes, the
solution is then allowed to stand at 0OC to 5C for 30
se¢oNThe infetBodofyresrviapES Rells ®yWitr Mchtval ddcbRing 3o claim 13,
cryopreserved in 40 to 60 tines 1ts volune of the

wherdnlR#t ¢l droimpreessriviahe solubiyn fut preséivaddn by varifomdbn@ccording
toclaim2, 4, or 5. 15. The nethod of preserving ES

to clagrel | er Byat voemitkinpatatune fac dpdithguinwes; [the rslulidnos thebdgllowed to
wherein the manmalian ES cells are primate ES cells.

stand 18, O0Eetwf5°E peroSPhacwwndsftoe? nHavtesx @ndusiiheerq;ﬂultmg solution is
contains 10%to 15% (v/v) propylene glycol as

cryopggseipeddin cthiteof®| Uinﬁstlf‘ﬁa yolepsr at ithe wHutions dputpreservation by
for pretreatin n early enbryos or ES cells

vitrificglioth pecoz Wﬁﬁ?gﬁﬂ ’VPPF fication, wherein said
sol ution does not contain dlnethyl sul foxi de. 17. Use
according to claim16, wherein said solution

o TR R B et s By Viegta hikoRdipg T tilims 13 or

14, wﬁépeﬁ%’e ammiafark %Ssce'fE/ 240 BHEHatJ:VE@' c%Il@ H2O, 1 00 to 130
100 m Na2HPO41 3 to Na pyruvate, 75

to 125 ny/ 100 m glucose 5 to 10 ng/lOO i
antibiotics, 250 to 350 ng/100 mM BSA, and 10%to

15%.( v/ viispbopypienghgk iadier thd ciddesiadly xophesphateto 15% (v/v)
buffer that exclusively contains 10%to 15% (v/v)

propyixnepyllyesieay pylghlydancl2H 10 tS Ydpatationed hy lseheiogl §6€ Qretreating
as pol yhydric al cohols, 15%to 25% (v/v) Percoll(r)
mamragithn0 c2 1M cnibr@os oM Bl cclds dot preskeyapiosplay aitridieatdn,awherein said
sol ution for ~cryopreserving manmalian early enbryos
solutipn dpes el ¢ogtdindipedybpwiieiide by vitrification,
wherei n said solution does not contain dlnethyl
sul foxide. 19 19. Use according to clain118 mherein
sal solution c i ses 7 900 nyg/ 100,
0 25V pel%(? th?amB 98@‘”@8’73}&; Fe?}‘géo tloea(@n@pnsjgg 700 to 900

o T B RS 8 8 B 502 mtoom

KHZPQ,/ ﬁotr?gj 2350 PAOYRE frech> 6h001§§8'1?/ 1%@5:Bg)1oﬁ BERASHPO,, 3 10 4
mg/ 1((%3#1\};)1‘}9%37}@&186?%5(%{/ ¥25 ﬁfg?ﬁ)(d ﬁﬂeglgé&é%f)k tozl%o/ﬁltgpl ] antibiotics,

250 to 350 mg/100 mil BSA, and 10% to 15% (v/v) propylene glycol.

18. Use of a phosphate buffer that exclusively contains 10% to 15% (v/v)
propylene glycol and 25% to 35% (v/v) ethylene glycol as polyhydric alcohols, 15% to
25% (v/v) Percoll® and 0.2 M to 0.5 M sucrose in the preparation of a solution for
cryopreserving mammalian early embryos or ES cells for preservation by vitrification,

wherein said solution does not contain dimethyl sulfoxide.
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et hyl ene glycol, 15%to 25% (v/v) Percoll(r), and 0.2
Mto 0.5 Msucrose. 20. Use according to claim 19,
wherein said solution is mxed with a second sol ution
consisting of 700 to 900 ng/100 mM Nad, 15 to 25
19. ”U@ﬂ@@cd’ﬂrdlﬁgzto BaitD 14 5whBeLD Saidlsolure] (2} Bk TR0 900 mg/100
/100 M KH2PO4, 7.5 to 12.5 ng/ 100 m Cl12. 6H20,
ml Naﬂ(ﬂo 1550t61 30 mgaht0oR] I CIN HPDS, m§/1t0® 1 rdA901 slto NS mg/100 ml
pyruvate, 75 to 125 ng/ 100 m glucose, 5 to 10
KH,POg/ 160om 2. amh g/HDO tnmic 5 gEndHZ260 100 t3360mig/100 mi NBIAPO4, 3 to 4
and wherein the concentration of said solution in
mg/ 1(1{}1@11 N &pmaies 7atto| Bs mg7HM m/glycoandsS tedd mgéw()m@%ltibiotics
(v/v). . Use according to any one of clains 16 t
250 t@@Sovmefl&Omn% HS kBl tahS@afy/y) permisnss ghycel, 25% to 35% (v/v)
manal |an020ella ?%F enb{éo 22. Use according to
ethyleggelysol by &9 40 ¥s(W®) Ferooll®: amdtPdi M torfe> Misbarsan
2cel | -stage enbryos are rat 2cell-stage enbryos and
the manmalian ES cells are prinmate ES ceIIs 19a

. ST T S R SR e e

conSIS?lrr#%\r/dfdﬁﬁ) R &E‘Neﬁi’le?? J Q@Qn%i‘fﬁ@‘v?\#! ﬂgl esa[cl ¥5 mg/lOO ml

yos or y V|tr| I cati

CClC‘?m’cB'ﬁeﬁm/ b@ﬁ t£6i3l 12 a phosehat
“tha exclugﬁbg¥y Cgﬂ?glnst?0@6tgﬂ¥5a??§]§3 pégggoe%g0t0130

mg/1 09l MPN‘&;ZHBO[903 y&ydﬁg/qoalrmh@g vate, mhea@h&hg/m@frﬁpglucose 5 to
t hat exclu3|vely contains 10%to 1596(v/v) propyl ene

10 mgl ydolmlargtiBificsf and5SZS50v Ay )35t hypane e¢llyBsA,asnd wherein the
pol yhydri c al cohols and further contains 15%to 25%
concefitratign PEsaid| ddletior imtite MiRtukbd i0a0leBsM Favds)eandThdss than 100%
i nvention also provides a nmethod for preserving
(v/v).mammal i an early enbryos or ES cells by vitrification
usi ng such solution. (no suitable figure) 20

21. Use according to any one of claims 16 to 20, wherein the mammalian early

embryos are mammalian 2cell-stage embryos.

22. Use according to any one of claims 16 to 21, wherein the mammalian 2cell-stage

embryos are rat 2cell-stage embryos and the mammalian ES cells are primate ES cells.
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