WD 01/ 24624 ' "159159" PCT/ FRO0/ 02698 METHOD FOR RECONSTI TUTI NG A NON- HUVAN
MAVMAL EMBRYO W TH FOETAL ADULT DWMWEWM’WWBCELLS 1 The present
‘invention relates to the reconstit nmal i an enbryos by nucl ear
“transfer. Teginicdyesear produci ng ani Amhsgs i n parti cuipé.g./r,.ﬁ@mﬁg%f rom
enbryos reconstituted by transferring the nucleus of a somatic donor cell

into the cytommem okoa 1REcERsPientINe! A (@RCL@MA amgmt Y | eat ed
bef or ehand ar & currently the Sltljjﬁj ect of great interest ue to their
potential applittatiFcdiél A HEFERENG ATERRRELSS may be nade in
particular of: - animal transgenesis: the integration of a gene of 15

i nterest i ntq, cells | ntcul ture,. foll os‘(ved by the, transfer of the nucl ei

t hereof into PeciFioaiit’t codYiest YouF i AERE FP HOSsiTIPNT it i ©F he

ef fici ency ofmatimadsgenesibsyos blyenpedeibi kirbyisébrnul tiplyi ng ani mal s havi ng
20 particul ar genetic characteristics, whether these characteristics are
natural or result from transgenesis; - genetic evaluation: the fact of

havi ng sever dechanguebs pbesesgiruduririglentindablgenetin Zmirimheridmnce nmay

make 11 POSSiBlfialQ, CYabhalhued eapebie il Uen G Al Anatie and
environnmental factors on the qualities of an aniral; - Fhe po%ltbﬁlty of
obt ai ni ng enBE§oRHE B&I B ISOHES Lowiosie e &6 lilhdmtive tdief faxttamliastmedb @ Vit r o.

30 The nej n ebstipekas encount er @fbridy-davel ophng &6 @éﬂueseanc%ateq .
reconstltutlg an gn‘oryo by nucl ear tr%r?%sfer cone romthe difficulty in
coor di nati ng gﬁgrﬂ ABA” AR &CIBUSTHTiYpi YR BPFasREi ArER&ctingiRr st whi ch

the 35 futudeedevelttpnentpefertea BnipyDicepeosls. Among the latter,
mention may be made in particular of:
- animal transgenesis: the integration of a gene of
15 interest into cells in culture, followed by the
transfer of the nuclei thereof into recipient
oocytes could make it possible to increase the
efficiency of transgenesis;
- the possibility of multiplying animals having
20 particular genetic characteristics, whether these
characteristics are natural or result from
transgenesis;
- genetic evaluation: the fact of having several
animals possessing an identical genetic
25 inheritance may make it possible to evaluate the
) respective influence of genetic and environmental
factors on the qualities of an animal;
- the possibility of obtaining embryonic' cell lines
‘which can then be differentiated in vitro.
30
The main obstacles encountered in developing techniques
for reconstituting an embryo by nuclear transfer come
from the difficulty in coordinating the donoxr
nucleus/recipient cytoplasm interactions on which the

35 future development of the embryo depends.

Methods for nuclear transfer therefore conventionally
comprise, prior to the nuclear transfer, the

preparation of the donor cell and/or of the recipient
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Met hods for nuclear.transfer therefore conventionally conprise, prior to
the nuclear transfer, the preparation of the donor cell and/or of the
‘reci pient *@0002* cell. The recipient cells generally used result from
-the enucleation of oocytes at the netaphase Il stage, after 5 maturation
imvitro. At this stage of the cell cyde, the cytoplasmhas considerable
MPF (Nhturatifg Pronoting Factor) activity, which gradually decreases
fromthe tifiE-at which the cytoplasmis activated. This activation, which
results fromthe entry of a 10 spermatozoon in the case of natural

fertilizati . be artificially indyced in the case of transfer of the
nucl eus. V\hﬁetggﬁlr%lnes r Coefﬁtsi“uegy r@ﬂgyanh‘sfaﬂe 58??$5ti%¥1°18f the t he
reci pi ent csmeoplesmiorcaf sbavkttaneaushy mehicphalappanstdqy, exaadt e, when
the fusigon A | eys qpq t c lasmis effected an el ectrical
pul se suf fr?%?%n%t{]%&qstggrm‘fla e 't %tl a%‘?gr 2B ‘?ﬁ gﬁﬁ'ﬁ/Pl‘—;eliéct‘?Xﬁ 8 i nduces
degradati ontlg t Hvirrlasm eras ope;ordi ddmmlrhy omMER  coensait ih
exposi ng, ipweehedisdyraktker) fust pn; L he ea ial 10 _a _netaphase
cyt opl asni ¢ envifganpnt. i h%étgg%ﬁ§fe8§¥§%3 %E&%&%&kﬁ 61 @S2 o] .
Reprod., 4%TYsstheoting og)yhight thRes¥tophasmmisa acitswatadsi Mpis
chronpsomalacinedtiien i eghikh 25-aauitsul #rophenibie dopar, nugkeug is in
the & gr S (ﬁ%gse of the ce#l gycle. |n order_to avoid premature

condendat i SIPBFIHREThratPR &AFS kgt el nfiersal 1eataPspe Mas act, it

30 has beerberaposkit{BRNE&ticall. inMithe Re@O bt Dev¥anstd8, 033thk (1993);
STI CE et a'nucl'\%?.l Reprod. Dev., 38, 61-68, (1994)] to pre-activate the
reci pient cytoplasm and to carry out the transfer of the nucleus only when
a cytoplasm c environnent of the interphase type has 35 been obtained,

whi ch in paHarcWre ¢SSyl I §eahow I CL Vi .Qr tQ use a
reci pi ent cyt opl asmE_ori g$%%t?ﬁ t%lr%o%dglq&%go%ﬁdgspﬁz%g&%éFla?. °taRAS,
316, 3257&)9(’? EEFIBF PR EWhC¥ R ORLESHor #C§BAs| B ltanegusilyvat i(whighd in

whi ch the haapentsi,onféd ER@mple, when the fusion of the nucleus
and the cytoplasm is effected by an electrical pulse
sufficient to stimulate the 1latter), the high MPF

activity induces degradation of the nuclear envelope,

20 the chromatin condensation exposing, immediately after
fusion, the nuclear material to a metaphase cytoplasmic
environment. It has been reported [CAMPBELL et al.,

Biol. Reprod., 49, 933-942, {1993} ] that these

phenomena risk causing chromosomal abnormalities, in

25 particular when the donor nucleus is in the G2 or §

) phase of the cell cycle.

In order to avoid premature condensation of the
chromatin and to keep the nuclear envelope intact, it
30 has been proposed [BARNES et al., Mol. Reprod. Dev.,
36, 33-41, (1993); STICE et al., Mol. Reprod. Dev., 38,
61-68, (1994)] tb Pre-activate the recipient cytoplasm
and to carry out the transfer of the nucleus only when
a cytoplasmic environment of the interphase type has
35 been obtained, which in particular results in a low
level of MPF activity, or to use a recipient cytoplasm
originating from old oocytes (CHESNE et al., CRAS, 316,
487-492, (1993)1, which are more sensitive to

activation and in which the transition to the



“interphase occurs nore rapidly. This approach nmakes it possible to inprove
success rates when enbryonic cells (blastoners) are used as 5 donor cells.
"On the other hand, in particular in Bovini, it is nmuch less efficient in
“the case of nuclei originating fromnuclei of differentiated somatic cells,

i.n which the rates of enbryo devel opmen? Temain very |low [VIGNON et al .,
321, 10 735-745, (1998); RENARD et al., The Lancet,

C. R Acad. Scit. Pari s,

353, 14891497, eﬂ%’@?}e] OCKYESr BPRG £6PAdther approach, exposure of the
donor nucleus derived froma differentiated cell to the 15 factors of the
recipient c | asm. t aphase uld have the effect of allow ng

r epr ogr ammi %ﬁgf ?ﬁékﬁﬁg eurg%ﬁ(%%djb RETORIy i1 £BPERSEensyCcCpes

| nt er nat i ondRtAgp| Woamn | EMBADRPIA/D76681si n(bbesnanersf tdre RASLKN 4ASTI TUTE
(inventays: gL | .) o}, hus,, 20 ses_only activatjng the opcytes
several "hours a%?%%%i'on?ﬁi né%%deg{;?ggpr%f% g thé cBﬁfhbgu{‘)@Fweé’ﬁ t he
nucl ear natBPVaRideditvég fuoh flkssdefdr dernt and the caoé ppEnhucyédpl asm

I n order toofRynhakingor ek Plaidye 4nd t cunditions, it is.necessary
to use 25 doﬂ?i cel_l?gi n the GO of Gl pﬁgsefﬁzﬁfc? toqgs cabi iz’lseo%artjr‘ﬁhi bi t

t he nicrot ubBt &St orRat¥rhduite graees vati émbrpeT devadarmeronatempixhi cat i on

WO 97/ 0766%veiyn tlav npyecdn t Be RASLI No| RISTIAUAEE (sRyentpnsis WAMIT et al )
obtai ned_ from cells taken to 't he qui escent

30 rec t us ucl ej

state ?g‘s%%_e'pg?tﬁégégpl‘ é%@ﬁ@? 58t FFehand"By Langeti- od ¥ ctA&ring in
t he absencel4¥lsefi®99ihis treatnent is also thought to facilitate the
reprogramm ng of the donor nucleus, by naking it nore 35 receptive to
cytoplasmc factors fromthe recipient cell. This approach has nade it
possi bl e, iAFRFdiRgl &° | anethenyrmpproacd,, texpopuoee dhethat eldfor

devel opnmentn i1 SIHT V@S, i r i i rentiated cells. In
m ce, KAI\%:%A et al. (ﬁé{%cﬁr e@é}?iig4%{n3gi9i?é3§é4i%?g%8%&r?ep%%jtft ﬁteo dgt\}'é? opnent
of enbryos BHETRAFr FRSIUESEIRIeRE t ¥ teplasnGliphassapbhsei Moarlsht | at ed

cunul us cellasre 5 ting ecéele¢tit Oof healybwphgs Mrebrogeuhds nigh Bt aphgse ||

activated our fter-injection. The.inventors have now devel oped a
novel net h%ld}éio%%]'eco%gﬁ t utf ng SRamTA i %h erbPyostP R EFRCY whi A Thakes

International Application WO 97/07668, in the name of
the ROSLIN INSTITUTE (inventors: WILMUT et al.) thus
20 proposes only activating the oocytes several hours
after fusion, in order to prolong the contact between
the nuclear material derived from the donor cell and
the recipient cytoplasm. In order to maintain correct
ploidy under these conditions, it is necessary to use
25 donor cells in the GO or Gl phase, and to stabilize or

) inhibit the microtubule formation during activation.

PCT International Application WO 97/07669, in the name
of the ROSLIN INSTITUTE (inventors: WILMUT et al.)
30 recommends the use of nuclei obtained from cells taken
to the quiescent state (Gy phase of the cell cycle)
beforehand by a period of culturing in the absence of
serum; this treatment is also thought to facilitate the
reprogramming of the donor nucleus, by making it more
35 receptive to cytoplasmic factors from the recipient
cell. This approach has made it possible, in particular
in the ovine race, to improve the rate of development
of embryos obtained from nuclei of differentiated

cells.



- 10 it possible to inprove the rates of production and of devel opnent of

vi abl e enbryos fromnuclei of somatic cells derived fromvarious fetal or
‘adult tissues. i This nethod conprises treating the diploid nucleus of a 15
"somatic cell prior toits transfer into a recipient cytoplasm said
t.reatment conprising: a) controlled proteolysis of non-histone proteins,
and b) induction of an isonorphic swelling of said 20 nucl eus. The effect
of this treatnent is to make the nucl ear DNA nore accessible and nore
reactive toIhhenicyt,0pNARAIEYZRNLr GINENTNABuYBi Chhotherssare; £ aci ggg)capabl e
of 25 inter j i th the.structur of. the nucl eus even when there is no
rupt uring o?géhggng%Feg%V§%$5W§B§ © ¥ﬂsz§b?af% I ngucied,

4615- 4625, {1997R; GTHONMPSONpbasal, . o fDelA £ feareit o, ed oud2hdd, c£1998) 1. The

preservati o | e | | correct .30 pl.oi to be
naintai%%d g%?%?ggghg%%Prg&%ﬁﬁggﬁﬁﬁ?o ?ﬁgog F?&.Lﬂuﬁgﬁﬁﬁﬁé%ﬁnﬁEleus may
in particulaftbéabpdalnéd Brboupsi afitprcihgecesoconf. fetal cells or of adult
cells 35 originating fromvarious tissues (for exanple mamary gl and or
skin epithelia, nmuscle cells, hepatic cells, etc.). The cells may be

i ndi ff er entTHe defREET I nhaver e pdevelprad t ar eyowwl f metthadcufonr e

est abl i shedreyefis5EVeE Bhg PASHAASS 28 drdiFAidd atgd Jfinom ¢ rJhiSch F%ﬁ%é&éved by
the ce C

freezing. The cells y .be used no tter what phase of t cle they
are in&gThél%ugPEFle% ﬁé’r%m%E%ﬂengﬁ1ﬁﬁ€§E‘ oPregnfsion @nsated in

accor dance dutéildprentyverft i vhabbad drierydy ansbar et 184 Mber Aidiaet s on i nto
the recipi t L 1S, _howeve re_convenient, in practice, to
treat the ﬁﬂ%%g¥ %%#§€§%e%£?% Y %1%%%o$éE%F|graﬁ§uig FHh8RYRSrry out the
nucl ear transfer by 10 fusion of the donor cell and of the recipient

cytopl asm This method comprises treating the diploid nucleus of a
15 somatic cell prior to its transfer into a recipient

cytoplasm, said treatment comprising:

a) controlled proteolysis of non-histone proteins,
and
b) induction of an isomorphic swelling of said
20 nucleus.

The effect of this treatment is to make the nuclear DNA

more accessible and more reactive to the cytoplasmic

environment in which there are factors capable of

25 interacting with the structures of the nucleus even

/ when there 1is no rupturing of the nuclear envelope

[ADENOT et al., Development, 124, 4615-4625, (1997) ;

THOMPSON et al., Dev. Genetics, 42, 22-31, (1998)]. The

preservation of the nuclear membrane allows correct

30 ploidy to be maintained before the first division of
the embryo.

The diploid nucleus may in particular be obtained from
primary cultures of fetal cells or of adult cells
35  originating from various tissues (for example mammary
gland or skin epithelia, muscle cells, hepatic cells,
etc.). The cells may be indifferently derived from a
fresh primary culture, or from a culture established

over several passages or reinitiated from cells



In the latter case, -the inplenentation of the nethod of the invention
requires a prior step of perneabilization 15 of the cytoplasm c nenbrane of
‘the donor cell in order to make the nucl eus accessible to the action of the
treatnments. The perneabilization of the plasma nmenbranes may, for 20

exanpl e, be obtained by incubating the eefl with one or nore gentle

per nmeabi | i ziozgkgesaggpté, such as.lysol ecithin, streptolysin, saponin or
digitonin, dn condl ti ont hAfSEHRI coRfift IC6A< Sf dravuskee desadt npnaatsecel |

| yses and prdser ydhase qf adm qEibrare d nestate 25, conpatible with the
subsequent operation of fusion with ~ the recipient oocyte. The doses which
can be used and the incubation conditions vary fromone source of  cells to
t he ot her. Sli& abueledndineyonke areermetet e bytHeasd | B@ridie cellsl,

per meabi i zat/ f qreh I Tr n bl ue; per,neabilized cells
becorre bl ue i r?ac}cﬁbgr?hmgggoggﬁﬂg% e‘gfs)'l ysto %eﬁ%’a‘%ﬁ?&&' t R@9ni ERBBcope.

Sui t abl e coRdiPHISHRF *&st r eBpondnitcactimdse tilinch fhve betheeenrE0ipnent00% of
per meabl e celdtep1Hien;per geabijld zat | at i s rried ouyt .

si mul taneous:yI Wi.th the 35 prloé't'eol ’{}gf’gr"éﬁa %?ét O%I r%’f@ilr?é&t'he el 1i ng
of the nucl 8FaicE rQuitrégta thshgauciaéutsariterinegtbr inheheondondt ed

prot eol ysi scelde wahd ke nEgen okazrserdne pHet c 0 or
chynot r%/cpsi Ry &B% aocgi on_of the Ergt?e se nu%t e%“ségjf?%lyt te%é%'?lostf;e%‘g%y

degr adat | on6f “Hon- Ml 'st oneS pr 8PBPRs GRllhe A1 e@, dWe ofrertmitms of the
cyt oskel et oAaysapdesnmdi ng the nucl eus, and nust not lead to lysis of the
nuclei. 5 Generally, very |l ow protease concentrations will be used. For

exanple, in_the case of proteolysis performed on whole cells (at the sane
time as t helPeFhBaBAtitext coseor thenseplemenity tiker etd)thd MESIdE of

concentratigne ehvbheiendeeq@firdsta 12 ;YL used 10.in the cell

i ncubatji:on njéxggre, for .an ﬁﬁcﬁbzsiti O%Qéglrratsit(ﬁyr%ﬁé?enlg“ ar]r(’)JrfJ%]lz“’ftomfb mn at

37C. Intheta _eof:yttlpé’&f"ﬁﬁ‘l’rf: FrEPEeRg f nied efonene cpddt dasemzses and

the i ncubat tonmakeesthashued euedusededsibher tol5ch8 addiftdpn ft\t\kh%et rypsin

has a di rec{ré'x%t_ljné( Lon effect on DNA polynerises in the cel ?s Ich are in
P

the GL or GO phase during the treatnment [BROWN et al., Exp. Cell Res., 104,
207-213, (1977)J. This would nake it possible to facilitate the resunption

of the cellTkyChbermeabilization of the plasma membranes may, for
20 example, be obtained by incubating the cell with one or
more gentle permeabilizing agents, such as
lysolecithin, streptolysin, saponin or digitonin, on
condition that the conditions for use do not induce

cell lyses and preserve the plasma membrane in a state

25 compatible with the subsequent operation of fusion with

] the recipient oocyte. The doses which can be used and
the incubation conditions vary from one source of cells

to the other. Suitable conditions are determined by
testing the permeabilization beforehand using Trypan

30 Dblue; permeabilized cells become blue in color, which
can be easily observed under the microscope. Suitable
conditions correspond to those which give between 50

and 100% of permeable cells. The permeabilization
treatment is carried out simultaneously with the

35 proteolysis and prior to inducing the swelling of the

nuclei, which requires a longer incubation.

For the controlled proteolysis, use will be made of a

serine protease, such as trypsin or chymotrypsin; the



20 of- the nuclei which are in the GO GL phase when they are incorporated
into a recipient cytoplasmin the interphase. The swelling of the nucleus
may be induced by treatnent 25 with at | east one pol yani oni c conmpound, such
as heparin, dextran sulfate or high nolecular weight (> 20 000)

pol yaspartic acids, as described by KRAEMER and COFFEY [ Bi ochi m Bi ophys.
Acta., 224, 56'8- 578 (1970)]. 30 The treatnment is carried out, after the:
proteoly5|SQ9t%QQHH@%ne§b§IyFﬂﬁéﬁ@ﬁqr1m@@tlnb@baﬂumyﬁ*@ nUcIetheor t he

Che S oo AdegiadetaBn 13F L PAESESIE Dol P00y AhENnHRL kL DVeLG N0 O

t he nucl eus is observed. 35 For exanp ase of pernmeabi 'Zed whol e
cell's, betwSdn SFARELBB0 G fof %Rﬁyaﬁwéﬁsbéﬂeﬁpnof$¢ﬁ%@nn¢xngnnuhan1nay be

used, for amucieuRati 8AGOfmBH t R0 Thadatrd 0@t 8MPEE atlyfe ggélg9h25C3 -

7 At t d_of éﬁ#§ treatneg the nucleus is transferred into t
reci pi en ? FESERMY ThESEYansPBr RICHIRSuQBCT RIS #dddr dhAce with

5 the invenuised. nﬂprb@xampmeﬂi1nﬂth@uﬁdﬁéﬂoﬁfﬁk@té@?ysistBér@ékhe&y0|e of

t he donor cells at ev t he tate t he reC|p|ent cytoplasm 1In the
case of fus?én ogﬂgﬁe nuceg mnth Yci qﬁ%t s FH%et aphasetP® (20 to

25 h after pﬁémgabnﬂlgﬁtwahur@m(M@onsedunmdélﬁmeﬂmbfﬁmessaryrypsggtlvate
t he reconst ro f chenlcal activation
bbHEEHLS 1408, o th%X%%[e%b%\é A RO Hy i 58 b

as has been descri be X et al pro
(1998} 110 or 1By BR§ offiéd nbemeeatien| tmixtuheweveer p@mtlcm¢wbayuon

advant ageougutet usa &aﬁbﬂhgnEzQM{qph§§”§oWmiﬁhaﬁa%©°%¢eﬁxpﬁﬂﬂﬁr .
bef orehand s t ake t eglao i.nter phase. A "recipient cytop asmin

i nt er phase"® ?SQHSP?WEBtan L GpPashein W PiHed w8 fow?s MRl i s | ess
p
t han t hat athahlnbubatnaﬂucemedegﬁadabEOBeaﬁcéhefﬂﬂ%h@%ﬁ nenbrane and
chromati n condensati on.
15 In addition, the trypsin has a direct activation effect
on DNA polymerases in the cells which are in the Gl or
GO phase during the treatment [BROWN et al., Exp. Cell
Res., 104, 207-213, (1977)]. This would make it
possible to facilitate the resumption of the cell cycle
20 of the nuclei which are in the G0/Gl phase when they
are incorporated into a recipient cytoplasm in the

interphase.

The swelling of the nucleus may be induced'by treatment

25 with at least one polyanionic compound, such as
heparin, dextran sulfate or high molecular weight
(> 20 000) polyaspartic acids, as described by KRAEMER
and COFFEY [Biochim. Biophys. Acta., 224, 568-578,
(1970)1].

30
The treatment is carried out, after the proteolysis or
simultaneously therewith, by incubating the nuclei, or
the cells containing them, in the presence of the
polyanion until swelling of the nucleus is observed.

35 For example, in the case of permeabilized whole cells,
between 50 and 200 pg of polyanion per ml of incubation
medium may be used, for an incubation of 30 to 60 min

at room temperature (15 to 25°C).



i Thi's cytoplasmmay in particular be obtained froman 25 oocyte matured in
vivo or in vitro. The chronmpbsonal material is wthdrawn by

m cromani pul ation, while the oocyte is blocked in the nmetaphase Il stage.
The resulting cytoplasmis then treated to decrease the MPF activity. It
may, for exanple, be prepared by a nethod-30 of in vitro aging and cooling
before fusion (CHESNE et al., C. R Acad. Sci., 316, 487-491, (1993)]. It
is al so poséthl etk® ot n Qiﬁe shie resweatmsing drbgs whicheunhi bt

protein synthesisckeuel ahes! Thidel (i fIdgs WA S DIt phosphoryl at i on

(6-DVAP), or a 35 mixture of .the 2 drugs S case, the interphase
state is generally obtained in 1 to 4 h of incubation. The enbryc may be

reconstitut EL‘He 14y dri¥E GASEf Otkhies hatied NHELEE eqbY nM LI QY EELL O3 it TS,
however ticul arIy advant eous to d| rectl){_l use cells treat ejd |n order

to fuse the i CRVERE 1P Miverite cSRbpl §EnBut| wWhatgvercddw 3trge usfon s
preferably therieelbucydlye efeaitd cdshesk, ce118y sy QhBekvRthege It s

not 5 necesgary.tgcopgrate under con i ti.ons intende i nduce activation
of the reciprent oyt opradiciPREN s ﬁﬁltaﬁt"ed Iéh‘otgﬁﬁ‘oscaa?ee e rEesigncul t ured
in vitro wiehomtheamyuotaer wiadhi v:aeaznplezfxterodd‘;r&é‘wsizonmetb@hla@ter | 11 hey
develop to astogy T, n Ie| do_not .undergo .any

Ef‘? Ql) 9506, %tft%&a%e &€, dongk i i./l takion) . rJrLé Wi ng b& 7 on

destruction o héi'r ‘ndclear menbrane, nor
(PCC) Béf orleect:ﬁésiiilf)/sttqu @F‘Siloﬁtﬁhrtdheomceusafnttertdd’reenﬁSybesl ofor Whien t he

enbryos havexdmarhesly! Bepbbasbgoye cieAlieal LHRY A NS, LLANSLErred into
S

reci pi ent females, ?c?cor ing to conventional techniques knowh per- se. 20 i
The net hod 9P SR UaR¥e 1Y heEh@di-nv EMeT on Reares -i tDepossiBl e, 298rstly, to
i nprove the3d2pr op9 M Noofoy heny nvieher weensderred by all owi ng access of

the cytoplasmc factors to the chromatin by virtue of
15 It is, however, particularly advantageous to use
recipient cytoplasms which have been prepared

beforehand so as to take them to interphase.

A “recipient cytoplasm in interphase” is defined as a
20 cytoplasm in which the level of MPF is less than that
at which it induces degradation of the nuclear membrane

and chromatin condensation.

This cytoplasm may in particular be obtained from an
25 oocyte matured in vivo or in vitro. The chromosomal
material is withdrawn by micromanipulation, while the
oocyte 1is blocked in the metaphase II stage. The
resulting cytoplasm is then treated to decrease the MPF
activity. It may, for example, be prepared by a method
30 of in vitro aging and cooling before fusion [CHESNE et
al., C. R. Acad. Sci., 316, 487-491, (1993)]. It is
also possible to obtain the same result using drugs
which inhibit protein synthesis (cycloheximide) or
drugs which inhibit phosphorylation (6-DMAP), or a
35 mixture of the 2 drugs. In this case, the interphase

state is generally obtained in 1 to 4 h of incubation.

The embryo may be reconstituted, in the case of

isolated nuclei, by microinjection. It is, however,



25 noderate enzymatic action before the fusion and, secondly, to pronote
“mai ntenance of correct ploidy of the enbryonic cells by mnimzing the
chromati n condensation and preventing its dispersion during the

renodel i ng of the nucleus introduced into the recipient 30 cytoplasm This
nodi fication in the initial steps of _tfe_relationships between the nucl eus
and the cytoplasm nekes it possible to pronote the eventual devel opnent

of the enbrmsrmenﬂjmﬂﬁ Lttdazhrftral_:rédiwltftb @Ire&'&iﬁeu%'tbé‘-ifg §9€?El38 cells,
this being n }Fhase@fbthe cel| cycle these cells are in.

It may apply o var| ous BRe recirienhogeieplag®mse In
particul arl yhs@i t abke, fothe e dansitdrt uhsngpr@ﬂ@faasﬁyofcdmg@@t euha

especially n and |n artl cul a of the ovine race, of OVI ni,
of menbers %fleltfc#g]lg%gatgﬁ%)anﬂy or bg? Bi'gs. O THET pr& estél?ﬂé1 nvent £8n WPEI be
more cl €arl $eGrESASVo0d S fapsmatee funderer cestidipdion whiahiéal | ews, which

refers to nephhtkt Hog i$%aRLES £O ign, af ,the process in
accordance with the |r%vent| on, ff(t):%'1 rgcl?grqlgtq%?l&:t Ig& OB’ovisﬂ‘é enbryos. 10
EXAMPLE 1: Preparation of the cells and reconstitution of the enbryos 15
The donor cehks areceohted bededr oraritals skizp cor HE'?«‘%{:FJ.— cel L, fulty es or

from ear biops uIturegfromaduIt animals (skin pr epare
descri bed by?V ¥ttirut ey rth Réadlctsaatlpalr |%fte321the73’r51smsr,1, 1998)

Under tlHeseunvndli thepsdedelépr eot thbed1astbeyst thggd0 fibroblast type are

obtained. The culture nmediumis renoved fromthe di shes of cells, which are

rinsed with PBS buffer and filled with a "perneabilization" nedium the

conposi ti onTleg windr | suBeds flol Imms: uddNEGhabancedesattcsbat iom Wi t hout

cal.ci um andtﬁr@gpeghgqb §0'Pr¥e?d]:l}‘ 9/ and. 20 to 30 g/ m of
S her}%et arF sklgqulycefl%ox‘g%&nl§°trbd ad:i

lysolecithin in the _case S an I of

| ysol eci t hi FFGH thefesse toe thiastkidiwegian fwbhchdattuasi mdter After 30

i ncubatlson fuwgidmn at 37C, the incubation nediumis renoved fromthe

di shes. To stop the perneabilization and proteolysis, the dishes are

imedi ately rinsed with a buffer solution (HANKS bal anced salt sol ution

wi t hout calW8ierm &b¢ neghesosmhaont aieaichegdo. 5Ee0fb]faﬁ§ﬁtlcy€1§éf s¥RRES um or of

bovine seruma) bust. Mend shgsaaLe. LS L ed kB 8" palyagi o ¢

mediumwi th the follown onposition Sci um and
magnesi um a&ﬁﬂ%ﬁ‘rﬂgngtqcz%}‘fﬁm@foﬂfépdﬁ@nlques known per se.
20

The method in accordance with the invention makes it
possible, firstly, to improve the reprogramming of the
nuclei transferred by allowing access of the
cytoplasmic factors to the chromatin by wvirtue of
25 moderate enzymatic action before the fusion and,
secondly, to promote maintenance of correct ploidy of
the embryonic cells by minimizing the chromatin
condensation and preventing its dispersion during the
remodeling of the nucleus introduced into the recipient
30 cytoplasm. This modification in the initial steps of

the relationships between the nucleus and the cytoplasm
makes it possible to promote the eventual development
of the embryos reconstituted from nuclei of
differentiated somatic cells, this being no matter what

35 phase of the cell cycle these cells are in.

It may apply to various mammalian species; it is,
however, more particularly suitable for reconstituting

embryos of ungulate mammals, especially of ruminants,



- 10 - The incubation'is carried out for 30 to 60 mn at room tenperature.
The cells are then collected by scraping the culture support, centrifuged
‘at 1 200 g for 5 min and resuspended in serumfree culture nmediumprior to
5 the fusion with the recipient oocytes. The recipient oocytes are

enucl eated, and taken to interphase acoprding to the protocol described by
VI GNON et aI [C R Acad. Sci. Paris, 321, 735-745, 10 (1998)]. The

nucl ear traasfierins perdfiouied byfi rﬁm@dwlﬁ& apazel sob At eddenor ?@' | under
the zona pel | e reci p| ent..c to sm.and perform ng the fusion

ida of
under the 15° #EFFS’WIOSQ SndPProfgMid Ve to &4195ul ses of 2.2 kV/cm
|l asting 20 s, in TCML99 nedi um (LI FE TECHNCJ_OGI ES, Cergy Pontoise, France)

suppl enent e tochal.asin B. 20 Fusion s verified
observatlonga%igﬂxé%lnocu a?gﬁ%ggoscggeq“%n@ Fﬁe‘i%?ﬁﬂéf|PH@%HSEﬂ%@yos are
cul tured i nf¥pir o thend fulréimeirnpidasticed pitriori voyhiash deﬁ@lldm@l bywil &MNON et
al. [C R AeadysS Ri 25 Controls Controls
5 %b nB%llﬁ] t?t%& eZc;ﬁ}p?_L%% O(flglge%'g8 ovetatbju?rl vﬁ’fh l?‘l‘%lther

are obtained according to the pro ocol “descri
per meabi | i ZB¥PBRSfor B3O t BARANEanRE hepatin t tbeat neatvehtihe, donber cel | s.

Resul t s: Inréb@ngageuainghgof,gﬁgl eﬁgﬂ,gs fromskin or from 35 nuscle, 47
bl ast ocysts were obtained after having reconstituted 663 enbryos (7.10)
wi th donor cells having undergone the treatnment in accordance with the

i nvent ilén. mByAMPhPateison, with the control cells, 13 blastocysts were

obtained for 386 reconstituted enbryos

Preparation of the cells and reconstitution of the

' embryos

15 The donor cells are obtained from fetal skin or muscle,
cell cultures, or from ear biopsy cultures from adult
animals (skin cells), prepared as described by VIGNON
et al., (C. R. Acad. Sci. Paris, 321, 735-745, 1998).
Under these conditions, differentiated cells of the

20 fibroblast type are obtained.

The culture medium is removed from the dishes of cells,
which are rinsed with PBS buffer and filled with a
"permeabilization” medium, the composition of which is
25 as follows: HANKS balanced salt solution without
calcium and magnesium, containing 0.5 ug/ml of trypsin,
and 20 to 30 pg/ml of lysolecithin in the case of the
fetal skin cells and 15 to 20 ug/ml of lysolecithin in
the case of the skin cells from adult animals. After
30 incubation for 5 min at 37°C, the incubation medium is
removed from the dishes. To stop the permeabilization
and proteolysis, the dishes are immediately rinsed with
a buffer solution (HANKS balanced salt solution without
calcium and magnesium) containing 0.5% of fetal calf

35 sexrum or of bovine serum albumin.

The dishes are then filled with a “polyanionic” medium
with the following composition: HANKS solution without

calcium and magnesium, containing 10 U/ml of heparin.



- 11 . (3.370) . After transplantation of the enbryos obtained fromthe
donor cells having undergone the treatnment in 5 accordance with the
‘invention, 27 recipient cows gave 5 gestations of nore than 90 days and 4
vi abl e animal s were produced. For the control cells, 6 recipient cows were
transpl anted and only one gestation wenty heyond 90 days, but w thout
reaching full term (late abortion at 10 8 nonths of gestation). In the case

of the cel | Shderinadodtriomm eas bh@p$é6$oht0&b&thItﬁ@i@@1ﬁ1n2§tbkéﬁﬁpcy5t5
wer e produced, 0 ryo reconstructions (4%} with donor cells having
tnﬁJeetrt%;télgr?eﬁeﬁfQ? n Ca%@gr it e PR h Cﬂgrér g @Ehthvnscrppings 6

15 under gone

bl ast ocyst s ther ecobtei aeduppbraf, 25t meidorsdd ugti ang 002 g4¥oM thypggnt rol
cells. Al .ra ted, and,one birth was obptained, from
the series ggﬁgﬁﬁﬁwﬁﬁéﬁﬁ%ge hf%%%qﬁhéiﬁﬁi%E&?%?e2@e§XRMMH§%9rIﬁoanother
series of exXpér fMsACs, wir ibe wecd pientnsbicyitiesd, according to the

prot ocol described in 25 exanple 1 above, fromfetal or adult bovine

somati c ceI& derived fromproliferating cultures, or derived fromcultures
placed in a g?atﬁeﬁ?phﬁPEsc%%%ét%%y'%ﬁﬁrﬂ%ﬁmﬂhﬂguﬂdenlEnda sekam free medi um

for the 36 totéBphases preoediifg thei I wie) p LAYLL eg%géggbggrqPSO al so
su il

1S are i I'Tistrat ed

reconstitut described in exampl e 1 above. The re
by tabl es |Gg%§8¥| ets)cel%g\z TSl &1 ngﬁﬁfjesegr?tls tReriesulPd . obt3Briedb mi th t he
donor ddl | s(48PBvéd fromproliferating cultures. 35 - 12 TABLE |

The nuclear transfer is performed by introducing an
] isolated donor cell under the zona pellucida of the
recipient cytoplasm and performing the fusion under the
15 following conditions: 2 electrical pulses of 2.2 kv/cnm,
lasting .20 Us, in TCM199 medium (LIFE TECHNOLOGIES,-
Cergy Pontoise, France) supplemented with § ug/ml of
cytochalasin B.

20 Fusion is verified by observation with a binocular
microscope, and the reconstituted embryos are cultured
in vitro, and them implanted in vivo, as described by
VIGNON et al. [C. R. Acad. Sci. Paris, 321, 735-745,
(1298)1].

25
Controls:

Controls are obtained according to the protocol
described above, but with neither permeabilization nor

30 trypsin and heparin treatment of the donor cells.
Results:

In the case of the fetal cells, from skin or from
35 muscle, 47 blastocysts were obtained after having
reconstituted 663 embryos (7.1%) with donor cells
having undergone the treatment in accordance with the
invention. By comparison, with the control cells, 13

blastocysts were obtained for 386 reconstituted embryos



Donor-Nunber of enbryosNunber of Nunber of
cel.l sReconstit ut edCl eavednor ul aeBl ast ocysts Treated502 (56.5)256 (51.0)43

'(8.6)28 (5.6) Control s221 (55.6)115 (52.0) 10 (4.5)6 (2.7) Table I
‘represents the results obtained with the quiescent donor cells. 5 TABLE I

Donor Nunber of enbryosNunmber of Nunber afl -
cel | sReconsti t ut edCl eavedMor ul aeBl ast ocysts Treated717 (58.9)337 (47.0)83

(11.6)48 {6.(A)-37%ontrol s280 (69.3)168 (60.0) 13 (4.6)7 (2.5) These results
show that, in the context of the use of a recipient cytoplasmin

i nterphase, the initial state of 10 the donor cells (q.w escence or
proliferati &t Fastrrispipntatelan ¢hf thenemboyoshebimeai £ndiyehe

devel opnent dogp 1t hecetther hasgindhe &ﬂcﬁ‘@ﬁg{@ila} of.the dongr cells in
accor dg e with the i nventi on %s?%nl ficantly increases ?%I S"Fhfe of?
devel oprient SCESTHRBCR ¥eithc e Ispmtentiam a2t ewint et thewe® exper §ment s

above were teamsfaoned d Mt MofeCitlLNtoGoWaysThEd egul i re i)l usirated by
table 111 bﬁggg'produced. For the control cells, 6 recipient cows

"were transplanted and only one gestation went beyond 90

days, but without reaching full term (late abortion at

10 8 months of gestation).

In the case of the cells derived from ear biopsies from
adult animals, 23 blastocysts were produced after 580
embryo reconstructions (4%) with donor cells having
15 undergone the treatment in accordance with the
invention, whereas 6 blastocysts were obtained out of
250 reconstructions (2.4%) with control cells. All the
embryos were transplanted, and one birth was obtained,
from the series of embryos derived from treated cells.
20
EXAMPLE 2:

In another series of experiments, embryos were
reconstituted, according to the protocol described in
25 example 1 above, from fetal or adult bovine somatic
cells derived from proliferating cultures, or derived
from cultures placed in a state of quiescence (by
maintaining them in a serum-free medium for the 3§ to
48 hours preceding their wuse). Control embryos were

30 also reconstituted as described in example 1 above.

The results are illustrated by tables I and II below.
Table I represents the results obtained with the donor
cells derived from proliferating cultures.

35



~20 TABLE I 11
recipients Births transferredD 35D 60D > 90 Treated767/50 (14.0)6/50

(12.0)6/50 (12.0)5 (10.0) Non- treated133/8 (37.5)1/8 (12.5)1/8 (12.5)0
-(0.0) These results confirmthat the treatnent of the donor - 13 cells
accordance with the invention significaptly increases the rate of
production of enbryos which may give rise to viable aninmals. EXAVPLE 3:

10

15

20

Cel | sNunber of bl astocystsNunber of gestations/ nunber of

TABLE I
Donor Number of embryos Number of°| Number of
cells Reconstituted Cleaved morulae Blastocysts
(%) (%) (%) (%)
Treated 502 (56.5) 256 (51.0) 43 (8.6) 28 (5.6)
Controls 221 (55.6) 115 (52.0) 10 (4.5) 6 (2.7)

Table II represents the results obtained with the

quiescent donor cells.

TABLE II
Donor Number of embryos Number of Number of
cells Reconstituted Cleaved Morulae Bléstocysts
(%) (%) (%) (%)
Treated 717 (58.9) 337 (47.0) | 83 (11.6) 48 (6.7)
Controls 280 (69.3) 168 (60.0) 13 (4.6) 7 (2.5)

These results show that, in the context of the use of a

recipient cytoplasm in interphase, the initial state of

the

donor cells (quiescence or proliferation) has no

significant influence on the rate of embryo

development; on the other hand, the treatment of the

donor cells in accordance with the invention

significantly increases this rate of development.

The

blastocysts obtained at the end of the 2

experiments above were transferred into recipient cows.
The results are illustrated by table III below.

TABLE IITI
Number of Number of gestations/number of
Cells blastocysts recipients Births
transferred D 35 D 60 D > 90
Treated 76 7/50 (14.0) | 6/50 (12.0) |6/50 (12.0) | 5 (10.0)
Non-~ 13 3/8 (37.5) | 1/8 (12.5) | 1/8 (12.5) 0 (0.0)
treated

These results confirm that the treatment of the donor

in



The donor cells are.proliferating fibroblasts derived fromculturing fetal
or .adult bovine.skin cells. They are prepared as in exanple 1. The
‘perneabilization is 10 carried out by incubation in the presence of 15 to
20 g/m of lysolecithin. 1 The recipient oocytes are enucl eated after 22 to
24 h of maturation in vitro and fused af 24-25 h with the 15 donor cells
under the sane conditions as those described in exanple 1. The fusion is

fol | owed bycelesi cah acidoradaren aﬁgehdlﬂgetqn%ewtqfo%% dgs E&Qﬁglgy LI'U et
al. [Mol. Re E%d Dev 49, 298- %0 (1998)]: imrediately a ter ion, the
reconst it ut 34&FBPYSs Hi% BBCF nlhbd Gt PE eSBREYOSF ViDL @t mawf

cycl ohexi m dévendiSegtol vabbigt aaliakasi.n B in TCM 199 nedi um (LI FE
TECHNOLOG ES, Cergy Pontoise, France) for 5 h. The enbryos are then
cultured in vitro. Control enbryos were reconstituted in the sane way, but
wi t hout 25 EXBMPEENB:0f the donor cells prior to fusion. The results are
illustrated by tables IV and V bel ow. TABLE |V

Donor Reconst it ut edC eavedMor ul aeBl ast ocysts cel | senbryos (~)enbryos(~)(~)
(~) TreatedBss @9307) 209115222l Wrd R BBLLE4 fiprobintstel sd&hi ¢&9. 2) 271

(61.9)101 (Qﬁoﬂ)%@l@%@1ﬂb:¥%tal or adult bovine skin cells. They
are prepared as in example 1. The permeabilization is
10 carried out by incubation in the presence of 15 to

20 pg/ml of lysolecithin.

The recipient oocytes are enucleated after 22 to 24 h
of maturation in vitro and fused at 24-25 h with the
15 donor cells wunder the same conditions as those
described in example 1. The fusion is followed b&
chemical activation according to a rrotocol described
by LIU et al. [Mol. Reprod. Dev., 49, 298-307, (1998)1]:
immediately after fusion, the reconstituted embryos are
20 incubated in the presence of 10 ng/ml of cycloheximide
and 5 ug/ml of cytochalasin B in TCM 199 medium (LIFE
TECHNOLOGIES, Cergy Pontoise, France) for 5 h. The
embryos are then cultured in vitro. Control embryos
were reconstituted in the same way, but without
25 treatment of the donor cells prior to fusion.

The results are illustrated by tables IV and V below:

TABLE IV
Donor Reconstituted Cleaved Morulae Blastocysts
cells embryos (%)  embryos (%) (%)
(%)
Treated 365 (53.7) 227 (62.2) | 101 (27.7) 88 (24.1)
Controls 438 (59.2) 271 (61.9) 101 (21.1) 70 (16.0)

30



35Gest ati on/

14 . TABLE V Donor.cel | sBl astocysts transferredGestation/
rec D 60Cestation/

rec D

rec D 90Births Treated6018/40 (45.0)17/40

'(42.5)9/ 40 (22.5)4/40 (10.0) Control s5510/38 (26.3)8/38 (21.0)4/38

(10.5)2/38 (5.3) + +: these two aninmals died a few hours after birth ..
WO 01/ 24624 - 15 - 14 -
TABLE V
Donor |Blastocysts| Gestation/ | Gestation/ | Gestation/ Births
cells |transferred| rec D 35 rec D 60 | rec D 90 '
Treated 60 18740 (45.0)]17/40 (42.5)|9/40 (22.5)| 4/40 (10.0)
Controls 55 10/38 (26.3)|8/38 (21.0) [4/38 (10.5)|2/38 (5.3) +

+:

-

these two animals died a few hours after birth




CLAI M5 PCT/ FROO/ 02698 1. A nethod for reconstituting a non-human mammal i an
emryo in vitro, characterized in that it conprises 5 treating the diploid
nucl eus- of a somatic donor cell prior to its transfer into a recipient
cytoplasm said treatnent conprising: a) controlled proteol ysis of

non- hi st one wor @agiays24nd 10 b) inducti;en of an isono i i of said
nucl eus. 2. The nethod as clainmed in claim1, charact%gg{ggapﬁb%ﬁgg t he
control l ed proteolysis is produced byrhhggl5 action of a serine protease.

3. The method as clained in claim2, characterized in that said protease is

trypsin or chynmotrypsin. 20 4. The nethod as clainmed in any one of clains 1
to 3, charadterizemﬂuhdmafofhEeSMﬁEEEBQtﬂﬁgtEer&wﬁﬁ%ﬁhﬁsm%ﬂﬂ&ff by

treatment w pol.yani on_chosen from heparip, dextran sulfate an
polyaspartr%kgg' s %%tﬁ?fﬁﬂﬂe&ﬁ?ﬁ?c Féﬁg of 1Qyr dftdly dRancomPDDYes 25 5.

The net Hod asesktdngedthe diplond ofucleaigtsol 0 domeharaciopigrzedein that
the nucl eusyikgat s contained in the donor. cell, and in that said
pLiBP B0 &od g’%?qugfe i ACBf 2t KECAPESHta s tORkaR an@ B sai d 30

treatnent conprises perneabilization
cell. 6. TherReEmeBtasowbaiaddgin claimb5, characterized in that the
permeabi i zati ongof bhe6Yt 08! asALE ane is carried out with at |east
one perneabilizing agenf 35 chgsen ??ggg%yggl&ﬁqtuﬁft%ﬂ%eﬁﬁQ)?&ﬂﬁn saponi n
and digitonin. 7. TRRA et hod as claimed in any one of clainms 1 to 4,

charactiéri zed inbf hahatbeionclaus ans teanstehied b91ing of said

nucleus.

! 2. The method as claimed in claim 1, characterized in
that the controlled proteolysis is produced by the

15 action of a serine protease.

3. The method as claimed in claim 2, characterized in
that said protease is trypsin or chymotrypsin.

20 4. The method as claimed in any one of claims 1 to 3,
characterized in that the swelling of the nucleus is
induced by treatment with a polyanion chosen from
heparin, dextran sulfate and polyaspartic acids with a

molecular weight of greater than 20 000.

25
: 5. The method as claimed in any one of claims 1 to 4,
characterized in that the nucleus treated is contained
in the donor cell, and in that said treatment comprises
permeabilization of the cytoplasmic membrane of said
30 cell.

6. The method as claimed in claim 5, characterized in
that the permeabilization of the cytoplasmic membrane
is carried out with at least one permeabilizing agent
35 <chosen from 1lysolecithin, streptolysin, saponin and

digitonin.

7. The method as claimed in any one of claims 1 to 4,

characterized in that the nucleus is transferred into



- 16 - the recipient.cytoplasmby mcroinjection. 8. The nethod as cl ai ned
in . either of clains 5 and '6, characterized in that the nucleus is
transferred into 5 the recipient cytoplasm by fusion of the donor cell and
.of the recipient cytoplasm 9. The method as clained in claimS8,
characterized. in that the fusion is cajgied out by electric shock. 10 10.
The nmethod as clainmed in any one of clains 1 to 9, characterized in that

the recipi ertthe:y:t@cpi;asém;tScy&blsr@smnlgﬁr@h@glﬁgg&&o 5 11. The nmethod as
clainmed in any one of clains 1 to_ characterized in that said manmmal is

an ungul ate. 12. The nethod as clalned in claim1l, characterized in that
sai d ungul até i s ToseatlicdnaBovlaimed heno¥i BRe200kaEE o s FRMRELS, LI t he goat

famly and RidS-adterized in that the nucleus is transferred into
5 the recipient cytoplasm by fusion of the donor cell and

of the recipient cytoplasm.

9. The method as claimed in claim 8, characterized. in
that the fusion is carried out by electric shock.
10
10. The method as claimed in any one of claims 1 to 9,
characterized in that the reéipient cytoplasm is in the
: interphase state.

15 11. The method as claimed in any one of claims 1 to

10, characterized in that said mammal is an ungulate.

12. The method as claimed in claim 11, characterized
in that said ungulate is chosen from Bovini, the ovine
20 race, members of the goat family and pigs.



