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More particularly, the present invention relates to a nethod

produci ng | arge nunbers of mature or sen;}nature follicles and/ or oocyt

fromthe ovarian tissue of a mamml . 15

ate of the art [0002] Several
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of oocyte maturation for humans and n ls. 20 [0003] Wth t
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for human in vitro fertilisation, large gyantities of spermare conmmonl
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until now
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oocyte maturation for animal breeding and for human in
vitro fertilisation, large quantities of sperm are commonly
collected and banked for future use, in essence creating a
limitless supply of sperm. Until now, however, there has
existed no practical method for collecting and storing
large numbers of fertilisable ova from females. The reason
for this relates to the reproductive biology of females. In
female mammals, only certain cells in the ovaries are
capable of maturing into ova. These germ cells, which are
present in a limited amount at birth in all mammals, are
held in the ovary, arrested in an early stage of meiosis
and incapable of being fertilised at that stage -and of
developing into normal offspring. Under normal

circumstances, a number of these cells begin to develop
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VI TRO CULTURE OF OVARI AN FOLLI CLES Fiel d.of the invention 10 [0001] The "%



25 practice limts the possibilities of testing the influence of chemcals
nobi otics) on follicul ogenesis, nore particularly of lipophilic
conmpound®WO ®tHsdichem cal s can be destructive (negative i nPCUBEIR0QN

(usual ly xe

follicul age

nesis) or constructive (positive influence - possible drug .
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detection for treatnent of defective foIIEcqugenesis in human or non- human
mammal s). Such a test could al so be deviséd to assay the influence of
physi cal influences such as el ectromagnetic or ionising radi ati on,

ul t rasound,
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s, -M. Hartshorne, Reviews of Reproduction (1997)
2, 54-104.

[0005] Further, almost all successful follicle
culture methods up until now use oil to provide a barrier
to protect the culture from external influences. This
practice limits the posgibilities of testing the influence
of chemicals (usually xenobiotics) on folliculogenesis,
more particularly of lipophilic compounds. Said chemicals
can be destructive (negative influence on folliculogenesis)
or constructive (positive influence - possible drug
detection for treatment of defective folliculogenesis in
human or non-human wmammals). Such a test could also be
devised to assay the influence of physical influences such
as electromagnetic or ionising radiation, ultrasound, w. ON

folliculogenesis, e.g. radiology/radiotherapy. The present

A



Summary of the invention 10 [00lI 2] The present invention concerns a mnethod
for in vitro culture of mammalian ovarian follicles, characterised in that
it conprMeee2/483® f ol | ow ng subsequent steps: - providi ng BCHBEDHYI29
container for the in vitro culture, |5 - selecting a follicle froman ovary
of a mammal, said follicle conprising at Least - a theca or pre-theca cell,
- a granul osa cell and - an oocyte, 20 - an optional first culture step
using an attachnment _prohibiting first mediumwhich is free fromoil, - a
second cul t s epfudity antatdorhnBat prldmct | ReSEeesnd MerkyindwiceRtes
free fromoidpaAdhr 8B4 8kRLAGSERE STRL ULet) f@dﬁﬁ'}?- i 25 Lo%éésg%?e%%“ an
follicle can be a primary or a“secondary follicle. Fhrther, ard ovarian
‘follicle camdsese f tozenimpdcthamed aovarkarrhelll i tcheluénom arst deklotle
ovari an follk£4es or fron1o%§#yan tissue. [0014] .In a preferred enbodi nent,

the method SEltHe 38 ihvéRS fur PhEPSc dpr CS¥E LORTR Y caft dtiastlep 2
per for Meds afAAN {16 Se60RMrEULkUES SIEPUH 89t A HMLALIONindNCIdg B d
medium free fromoil, resulting in a nmucified cunulus-oocyte conplex. Said
third step preflardibly folMp g¢83aC &iPLTrS8ED1406869 obnpeivsdspmahtr ati on of

t he oocyte ovul ation-like shedding, of said.opcyte. ° [0015] Th
opt i onal fiﬁgﬂugﬂlture stgguﬁﬁg?irgﬁgf'c ﬁﬁFis%%l?ﬁﬁ d+?fé?%ht?§?ﬁon%8F
primary to seserdaritifod obki ebesicle@l]. gheiseeand UM St&RaDEefigkably

conprises the attachnent of the follicle to a surface of the suitable
cont ai ner af® tHESHIT FrRTP G HRPBI OF Headbptherepynt 8racprEbdeatanyy yior

pr eovul atgor Y-l Lel L0 [ 0017]. i i.tapl e.container is.preferably
a reducgépa¥€§h%%-ag%khgkgﬁt%gpt6%%C&I EF%I%#éng ﬁbgﬁ8f%ﬁﬁﬁfﬁ%rd§§ﬁ¥%g of
t he present fimowentiadal | scnswatieat] fforl ldsSas ngouflel ekkaegtls ehaplehesheal or

physi cal influence on foIIicugoganesis conprising the follow ng 15 steps:
Executing aPEdi8q%! £°c it eCBELHFANNG G t RETpr¥enPOFHy B8Rt i GHam Ehés

presence of gRi1¢ heE sl sOpbPMebSalihd | uence during at | east one
cellular devel opnent stage, and Assaying the effects. LO019] Applying
t he cheni call0®07dhysi cal i |ienferohty al earspdeitf isattls hor topeeivdt tomi ng
the foll,icle |ture.allo ssaying the influence at critical points in
the fol N%] JeEig fgfroerntigs%ghc?é?'g. rSFé‘;ﬁth%, Fht il %r‘?)ha%gg}clent
i nduction offcuulcatlicefenesis . Samdipeasencenof Had O cdven cal nSemphysi &al
i nfluence can al so be continuous throughout the duration of the follicle
cul ture. (0W901dsaPgretidct heanseryivat e ef v seyeapdd bgreal a0t on
of oocyte q%%ﬁ%%éé@ééi ddation method ' 30 selected fromthe group
consisting of I'VF rating, rating of devel opnental conpetence after
fertilisati de0&8d inpl ant & oothepi ntirelsst atheng, ier ganeldedl afiet y i Spew
ChrorTDS(yEe %g%lh%sdl Se8t aggggégfééoqér%% e%{ﬁnb%rrsbyof mature or semi-
mature follicles and/or oocytes from the ovarian tissue of

a mammal .

Aims of the invention

25 [0009] The present invention aims to provide a novel
method for the generation of mature or semi-mature
follicles or oocytes from the ovarian tissue of a mammal.
More particularly, it is an aim of the invention to provide
a method for génerating mature or semi-mature follicles or

30 oocytes from the primary or secondary follicles isolated
from the ovary tissue of a mammal.

[0010] A further aim 4d1s to provide a biocassay
environment for testing external influences, such as

chemicals and physical influences (such as electromagnetic



WO 112/831 G PCT/B EO1 /0U209 6 analysing folliculogenesis quality by a
val i dati on nethod sel ected fromthe group consisting of proliferation

anal ysi swa@lp¥483tent i ati on anal ysis, steroid production, nBETMEOHONZON or a
conbi nation thereof. The invention is 5 however not |linked to the use of
these tests to assay oocytes and follicul ogene5| s quality. Short
description of the drawings [0021] Fig. 1%4represents a schematic overview
of a 10 nethod for generating |arge nunbers of nature or sem mature
follicles anot oxonunsyngs rhddattibe O\iﬁr’dmduﬁpe f oar rFYIMEIcLAGRREAIAG t O
the present inyention. S%!ﬁ g nd_2b show respectl vely a follicle
in primry andi RPGEPRFLST aFEéEB 6§ﬁy)‘§%a@é(ﬁSQQP%eW@FéBﬁéﬁtln
*[0023] Figs. fé‘ﬁlm 588V oL A e t

practising the nmethod of the pr esg?l?&?%%féﬁt ?gﬁgwa{ﬁl]myg}%s%% flaﬁl %rles
depi ct the o@%l@@@ﬁh@%ﬁnza faplddidlies danelpmoercebr dtaget anﬂhaslaﬁtalt@di of
"t he presehnt % %ﬁng&g a éed des%% $t|on of the invention [0025] The
present inverntion rte %y B Freth BFe3s generating | arge nunbers of
mature or SefdoIE ure fol |Arfdtﬁ$eﬁnéiitﬁr 1800 e8rb ARt Be RKAT £ 8N gy Of a
mammal . More specifically, it relates to nmethods for the i'n vitro

devel opnent BHHTMIQRPA TN Bfo@e¢©m%%¢vgdr@t@veaedtﬁssnethe ovarian tissue
of a mammal into mature or sem -nmature 30 follicles and/ or oocytes. [0026]
The present invention will be further clarified using several non-limting
exanpl es. [ G2jarAn oF etivé eilmwéntxen net hod according to the invention can
be seen_in figure 1, which _ schematically WO 02/-4831 G 7 PCT/ BEO1

/01l 211&"?epllr‘g)§€ﬁts all t NShekkesary éPéfﬁélttl@IbbFamﬁeﬁaﬁurae mefhed| §orand
oocytes fro ol | i fr th an

[0028] Al trmhrfesekllsl?:ergi V\n’%ﬁjll%tl;%%fur?)?er @g{ng% qglnl n to'v% %él fo?f)o mes’
exanpl es: E@hﬂﬂ&;tﬁﬂ$ﬁﬂ@uimnthanjineﬂmmmrdaesfthecﬁumabwlﬂgasuaaeﬁubhtc|eS
{step. 1i|1£éé%5_1) 10 [0029] Ovarian tissue is isolated from12 to 14 days

- providing a suitable container for the in vitro culture,

15 - selecting a follicle from an ovary of a mammal, said

follicle comprising at least
- a theca or pre-theca cell,
- a granulosa cell and
- an oocyte,
20 - an optional first culture step wusing an attachment
prohibiting first medium which is free from oil,
- a second culture step using an attachment promoting
second medium which ig free from oil, and
- obtaining the matured follicle.

25 [0013] Said ovarian follicle can be a primary or a
secondary follicle. Further, said ovarian follicle can be a
frozen and thawed ovarian follicle, from a stock of ovarian
follicles or from ovarian tissue.

[0014] In a preferred embodiment, the method of the

30 invention further comprises a third culture step performéd
after the second culture step uéing a maturation inducing
third medium free from oil, resulting in a mucified

cumulus-oocyte  complex. Said third step preferably



old F1 hybrids C57B1/j6 x CBAca m ce and kept in a culture dish conprising
Lei bovitz's L15 nediumw th G utaMAX | TM (G bco BRL 31415-029) with 10% HTA
FBS (Heawo na¢s3icvat ed Foetal Bovine Serum) and 0.1 % PCT/BE01/00209
penicillin-streptonycin-mx 15 (G bco BRL 3032908). The ovaries have to be
freed of oviduct and fat. j0O030] Wth a needle, the surface of the ovaries
is scratched, releasing the follicles into suspension into the L15 nedi um
Under nornmal conditions, about 30 to 40 20 suitable follicles per ovary
shoul d be olstcuimsdad t mathiratiiovl aef orkheet bodyt003dd \Wenvode tioshdd Keo

i sol ate prinar ollicles,, one can use 7-8 days old m ce. About 10-15

sui tabl e fo%q'f%q%ls}q%e?é o%ﬁaﬂr@ %%W%bee' obtained in this case. 25 Exanple 2
*Sel ection of[dmld]i cl es forrHcheopetbadiof fihgei entien (Hap Rrikehig L)
[0032] Not all follicles in suspension fromexanple . 30 1 are suitablé for

follicle cultiEises ndkee sutef feigniaiatfon| i ef espyioardt &ppr exicratelry t he
“sanme rate tﬂ?ﬁlsi% eecéed follicles should have a simlar dianeter. In this
speci fic case, 'a d-LI aneter of between 100 and 130 umis suitable and WO

(12/831C 8 HOWIEHE111l/ (11120d poiond taldevel epmpntpeirdhebiel bbabeidpst 0
the early preantral (secondary) stage. In this case, follicles 11 should
have two | ayélss G ataittoRE ddrg sfAkl bpbe ate ounedhaped ebcyhe $9isebden be

scen in fig e Saidh fohli ehes & fr0ihier:COMBAI 3 thocariatgrstl tgl, cells
17, a basal nenbrane 19 and a zona pellucida 21. FollTicles™aré observe
under a st epemuwrlestope canoreasuratbmnderkanfohveeied m cr oscope.

Suitable folljgcles are picked up usi sui tably, arranged pasteur pipettes
and traﬁ‘soferﬂroeggj 0 a cryo P&% 1091t1ftoarr§]s? OCEPHE]‘?’{U‘EI@E egfnm%r%?e%?bhs ad
cul ture pl atedicdid faldd W wellllt Uritst 986 eXRPhP-de SPP33] Follicles in a
devel opment stage that is earlier than secondary can ‘al so be used to

practi se thdO®ld&dent i nveAtictherTRenmsst ¢hpbheamrebactorinverdeocini hg &5

whet her fol | j ¢l e.s | Ci ent differentiated is the presencg of theca
cells 17 or Hg&é@tﬁg%%r c%%%é§!2§8 \I%k%'iecﬁffa eecetﬁ e%}en? ﬁef%@ag‘ut%lf d@ﬁgﬁﬁfzﬁ e of
a primary stiagddevldd cog asotancbeosgeaesiin,fi goddriBiagt hega ceblsowight

not express the LH receptor yet on their surface . In the nouse nodel 20
used i nlthe S&8B%5| es, the size of such primary stage follicles |ies between

about 70 ang .M. This size.is _however specific for the se syste
appropri ate sillg)ge?%Fl%?hgr é?)]é%%giecacﬁﬁb uI([;":‘et EFPRERTSy T‘Hg% sB%e RPFl ed
inthe art by fgtehtiont ant hheeprabancdewd opimdt chbagealb slesghi-hedal

hi gher. Exanple 3 Creation and use of a follicle stock (step 3 in fig. 1):

,30 [0034] A fonfleprcat o€RTERE batcr ésPad using @Slobrexser vdevohopment
techni ques kno ai%g theqskilled person. An exanple of such a technique is
described in the fol |l ow ng paragraphs. WO 112/.1831 G

20 e Assaying the effects.
[0019] Applying the chemical or physical influence
only at a specified short period during the follicle
culture allows assaying the influence at critical points in
the follicle’s differentiation (e.g. preantral, antral
25 phases, induction of ovulation, ..). Said presence of said
chemical or physical influence can also be continuous
throughout the duration of the follicle culture.
[0020] Said effects can e.g. be conveniently assayed
by wvalidation of oocyte quality by a wvalidation method
30 selected from the group consisting of IVF rating, rating of
developmental competence after fertilisation and
implantation, spindlé staining, organelle analysis,

chromosome analysis or a combination thereof, or by



9 PCT/BEO1/ 002U ) [0035] Follicles as obtained in Exanple 2 are collected
in plastic cryovials (Sinport, Quebec, Canada.). - 25 follicles per vial
are suspWw@eMsdrs 150C1L of L15 nmediumwi th 100 heat-i nacti per/B8oF@30wNnd 1.5
M DVSO. Slow freezing 5 is perfornmed using a controlled programed freezing
machi ne (Cell Freezer R204; Planer, Sunbury-on-Thanmes, UK). Follicles are
equilibrated in the freezing m xture for 85 ninutes at 4[err] C and then
cooled to -70C at a rate of 200/ mn. After manual seeding, the tenperature
is |owered HENalysigopCiallicripeeoksis. 3p@E ity bef er eval ddaigiton Nmkittidiad
nitrogen, t follicle re ry rapidly cooled to -1100C at a.rate of
-50C/ min. [ 4‘#&% i% §‘£ a\régle{h QI t FRIFASTH? byPhwar BFRgifREation
cryovial s tamdlyerid C. difftdtane Dicibe CYQRIPEEs! ankc¥asidd gdengukpibhree
steps (reducing the concentration of DMSO from1.5 Mto 1 Mand then td 0.5
M of 15 ni At Eatisdm PEnpRr SR nReigr e theireafe, Tt | ilghventdren is
“equilibrate n i i ati.gn i at, 37[eryr Fromthis point
on, the %I ﬁlld;“{gevse]rgaﬁbge Eﬁ%%%%ds%s %bgsh{%gog}@ai EQSSFONT%%C?%S%OZOE‘E% | e
4 Follicle addyres (smicepfalliicdliggerdgsid 0Q3x]idie follicle culture
conprises of at |east one culture step which can provide differentiated 25
follicles. Differentiation is provoked by using suitable nedia. In the

met hod of t k@ dHesRIYcdiedd ¥y ¢&di & e divided in three groups: a
first nedi um—msdrﬁ%nmm—ﬁﬁ-rd—r%n Utilisation of the right

medi um at t H®OG21ght diff eFéat-i at | oapstagetbs acrachahat be swvecesshwldy 30

i npl ementy n he hod of the present invention. [0038] Two exanples w |l
i |l ust rg{oe %g\t}:vhorﬁiem%gﬁ TR h@tf‘r(ﬂ‘e t FETEEESen?t i MAH N OFi t Remi -
follicles amaghidecrfsitl thlderondjeti e8cstagesrom YHQ (8346 L0 £CT/ BEOL
/002119 [0039] Wien referring to incubation periods, the follow ng

condi ti ons &pPEMEc ASICAMERT Rihditve swresriitcatmsdent Ikemper ature: 37C Air

m xture: 50 ihn air. S5o.Hum djty: 30 turated Q40], Al so e

i ncubat i on p[g(rai%g s may var%ggd gjbat aal%&e%féi \%gP‘é'ntrersé?%I% s Sierf u@?ﬂgﬂlﬂﬁer
speci es t hainopsema¥he dnreseartyopsieiasecaf or(dhedmussy syushem (p041]
An overyiew of the functions of the specific 10 nedia as well as an exanpl e
of thei FPcofFESLOPEIRan be seen in the fol | owing tabl e:

[0023] Figs. 3a and 3b show both a preferred culture
plate set-up for practising the method of the present

invention.
[0024] Figs. 4a to 4e depict the development of
20 follicles cultured according to the method of the present

invention.

Detailed description of the invention

[0025] The present invention relates to a method for
25 generating large numbers of mature or semi-mature follicles
and/or oocytes from the ovarian tissue of a mammal. More
specifically, it relates to methods for the in vitro
. , development and maturation of germ cells recovered from the
ovarian tissue of a mammal into mature or semi-mature
30 follicles and/or oocytes.
[0026] The present invention will be furthex
clarified using several non-limiting examples.
[0027] An overview of the method according to the

invention can be seen in figure 1, which schematically
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LI ~}N ar \_NI tn (/OOZH]H IO o lﬁl tl%r."s_‘eo }gloag’ d»i:Illl l?erurther detailed in

) 5 the following examples:

Example 1
Isolation and preculture of secondary ovarian follicles
(step.1 in fig. 1):

10 [0029] Ovarian tissue is isolated from 12 to 14 days
old Fl1 hybrids C57Bl/j6 x CBAca mice and kept in a culture

dish comprising Leibovitz’s L15 medium with GlutaMax I1TM
(Gibco BRL 31415-029) with 10% HIA FBS (Heat Tnactivated
Foetal Bovine Serum) and 0.1 % penicillin-streptomycin-mix
15 (Gibco BRL 3032908). The ovaries have to be freed of
oviduct and fat.
[0030] With a needle, the surface of the ovaries is
scratched, releasing the follicles into suspension into the
L15 medium. Under mnormal conditions, about 30 to 40
20 suitable follicles per ovary should be obtained with this
isolation method.
[0031] When one wishes to isolate primary follicles,
one can use 7-8 days old mice. About 10-15 sguitable
follicles per ovary can be obtained in this case.
25
Example 2
Selection of follicles for the method of the invention
(step 2 in fig. 1):
[0032] Not all follicles in suspension from example
30 1 are suitable for follicle culture. To make sure that all
follicles grow at approximately the same rate, the selected
follicles should have a similar diameter. In this specific

case, a diameter of between 100 and 130 um is suitable and
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using primary follicles [0042] In the case primary follicles (i.e

follicles with pre-theca cells which have_not yet differentiated fully to
theca cells and m ght not express LH receptors on 5 their surface) are

used, a first culture step with a first culture mediumis necessary. [0043]
In this stefCiHe aliovedRBRLPBASHT | P5t Theli dmlils Uged UDThie ridelt umaniliy

all ow the pr ég}%aafel ls%cto% rI / 7%9 %grt hﬁg @ ffergggl at ?J?%fclft 0@ca I | s.

Follicles 10 are e.g. culture rredlum or ape
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usual |y reag%_jthe secondar¥ stage (preantral stage) of their devel opnent
(smal | er si ZA3RTHPICYORI Ll 65 \F3 PrRe8eBB £8 Fi®aydPt oSpedcholRéciss

"Pr eant rals Stage)ne ol ddle: &b 2ecuLLL - lep: be: about 1001130,y the g ease

in size mainly due to granulosa cell proliferation and oocyté gro rom
t hen on t he rfemytsre rﬂr%cambllr@ zcsnahlee!shwelda JhenFsiaitileg bremobeeanddry

follicles. 20 4.B.: e using secondary foll cles 044] Wen startin
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25 surface. Culture nmediumis refreshed every four days

cul ture nedidifhangedf paskedrusphpethest Hndl redngfeirmest ead of t:hrgosreadmd
bR S R L S e
follicle culture, see example 4).
[0033] Follicles in a development stage that is
earlier than secondary can also be used to practise the
present invention. The most important factor in deciding
15 whether follicles are sufficiently differentiated is the
presence of theca cells 17 or pre-theca cells 23, which are
present at the outside surface of a primary stage follicle
as can be seen in fig 2a. Pre-theca cells might not express
the LH receptor yet on their surface. In the mouse model
20 wused in the examples, the size of such primary stage
follicles lies between about 70 and 100um. This size 1is
however specific for the mouse system, appropriate size for
other species can be determined by the person skilled in
the art by relating to the cellular development stage
25 described higher.

Example 3

Creation and use of a follicle stock (step 3 in fig. 1):

30 [0034] A follicle stock «can be created using
cryopreservation techniques known to the skilled person. An
example of such a technique is described in the following

paragraphs.



30 [0045] Preferably, a 96-well reduced surface area plate (A2, Costar) is
used, for practising the nmethod of the invention. Cultures are done in 75.1
of cul tum® mEduym When refreshing nmedi um 301 of used neBCUBEDER¢hDVed
and WO 02| -1 8316 PCT/BEO1/ 00209 13 30.1 of fresh nediumis added,
Schematical |y, both procedures can be sumgarised as foll ows:

DayPri marySecondary' OPl ating (nedium 1)Pl ating (nedi um 2)4Renove 3 0 ~C |
Add 30 ~Cl1 qf i um 2Renpve 3 ~ 1. Add 30 = of nedium 28Renove 3 0 ~C
Add 30 ~, | %Ogg’gi um 2Regg:\?§l§°8‘e§.l ¥d 9Btalnegf dedi driyRenove 8@~

Add 30 -, | ebimedicwd 2Rempy g s3Q = dr-Pdeh 305 ~ (k1 phomedi é’ﬂé%,ReEHgS%égg
oocytel6Renove 3 0 ~, | Add 3 0 ~, 1 of nedium 31/Retrieval oocyte 46] A
-preferred sébt- dfplilsd Prassarredvial f hge3susbreliedr dduded surdacel ar madf Liat

bott om cul t uy. l.at.e star)_.are u Fig,3 first ssi bl e
set-up. B aclt:"ll I%%Ellprl ?Ifezlq(a%il&%%tjcvﬁetﬁf?gd%@‘gq WB‘EV\@(‘?& eéfﬁ\é{g?ﬁﬁ%’t?énael l's
“filled wisthiwaipesfokhdDAAnARDt O ROSEID| 8-St amtRed SEBEYEINENLEED; 3R

Here, row E is _used for culturing, while all other wells are filled wth
wat er. The W&Eéd i sFREEEETt 0 RIGht e Plawiamabl e Sunbroyneir-Ginames ,( 1008) .

hum di t | I 4 ' 4 .sh t d I t of th
Follicl & 16 Ran 0Srng the Nt RORTBEEd: ding T REC B} BdaRt A e ti o 15
Primry or geeaRdaryatolioel emd e broyghl tglosublye. Jheg.being

cultured in the second nedium attachnent fto the culture vessel “surfa

pronot ed. Thecgmint ersiidd ahatghl ReldifRy,atign (3hbeksrRreMOi£d) 20, uhi ch
results in attachnment to the recipient's surface (b, c). During the 12-day
cul turelot heof elloicd etf ur thete o¥1-0.0207/4831( REVBELELA{FD209 1dquid
devel ops and grows (b,c,d). Gowh of the follicle leads to rupture of the
struct ure andtiheehor gt ohoblithes abokl icutyarrapivilyesopdpd( 33) . -Baddc
cavities and ruptures provide for good nmediumcirculation, thus ' 5
augnent at i oAtof FRESs@EvivA°WMEAtes for the oocyte, as it will be

it Nt | oggep) | ed W ! Bl thelt & and nkaena AALLLNR] DS gy

mediumwi || Tead to release of the oocyte-cunulus conp _ _
Exanpl e 5 Uaaeofcxfywilegd@stlebtaaw@d BECAEULAI IO thHE P L LESLT Ng

the chem cal inpact of taxol:
15 done in three steps (reducing the concentration of DMSO

from 1.5 M to 1 M and then to 0.5 M) of 15 minutes at room

temperature. Before culture, follicles are equilibrated for

15 min in the isolation medium at 37°C From this point on,

the follicles can be handled as freshly obtained follicles.
20

Example 4

Follicle culture (step 4 in fig. 1):

[0037] The follicle culture comprises of at least

one culture step which can provide differentiated
25 follicles. Differentiation is provoked by wusing suitable

media. In the method of the present invention, media can be

divided in three groups: a first medium, second medium and

third‘medium. Utilisation of the right medium at the right

differentiation stage is crucial for successfully
30 implementing the method of the present invention.

[0038] Two examples will illustrate how one can use

the method of the present invention with follicles at

different differentiation stages.



[ 0049] The sane nethod is used as in exanple 4. Secondary follicles are
used. 10 96-well plates with 15 follicle cultures in row E are used for
testi ng Ww@oi4sBleuence of taxol on follicul ogenesis (75 ul POEBEMOI2Y? Al |
media used in the culture steps are constituted as follows Pl ate

nunber Taxol concentrationl and 2- (contro))3 and 40.01 nMb and 60.1 nM7 and
81 nMB10 nM 20 [0050] The cul ture nmedi um refreshed every 4 days by
renoving 30 ul and addition of 30.1 of fresh medium [O0051] After 13 days,
follicles argo‘%%%}ed on . “ewi vRLeMiangi cn i dmcubptasenc@sofiqut ar thedy

(PB). and 25:coeyhend anph el ohean; values ut L h slandard deviations (od) are
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00. 067500. 11 71. 60» 1AZ r+ 892 1RQ9I6 5 .CVB55 0G.i1Z2371. 70. 1490 0- 0- 0- 0- [ 0052]
Using this nethod, the influence of a conpound on follicul ogenesis and
oocyte mdi urati orr cinmbieibyassayedsaktxampledd 6 In Vitro Fertilisation (1VF)
and enbryo tL&%@er (ET) us]i(ﬁ?g oocytes obtained with the present invention:
7O [0053] Th um used FGi°1 VERSO RISk tiomy regrimdssi mgvt hevafl | 6w ng

consti tuent sy t @y g/ ne. . .

(mi/ 1) NaQ 9?%%%#%5%&&1%3%#% gggée%Kﬁfﬁﬁﬁo.%}ﬁ?&ﬁ@gﬁzﬁf 2682841 ac
t at e10. 002. 2F0Re uvVEte 02200 D22 NetHO03251 9022 d Catl 2t REPRAGuFE0s2BLefd. ut am nel
. 00. 146EDTA0@1%11100298t re%; orqci no. OSPegi i |1 iﬁglo. 06 WO 02/.1831G 16
Phenol red ~ 0. 01 PCT/ BEOLUYAZTTS €Y (Bb5 i‘eT NeSHMfe R int e sppprédent ed
Wi th S%TONGRYEAl bEnGidavide Ser b Bl B3, [ B8RSl LY By 8d
oocytes conprising cunulus 5 formation, as obtained in exanple 4, are

sel ected. SpESH i3 ddie drlePwinepiattynus renoval and dissection. Spermis
t hen capacitated by incubation in. KSOM + 3a BSA for two hours; counted and
scored for notility. If necessary, concentration is adjusted to the target
concentration of 10 2.106/ nml. [0056] The sel ected oocyte-cunul us conpl exes

are transferred into 30 ul of KMSO + 3% BSA, and 10 ul of capacitated sperm
i s added, and an incubation step of 2:30h follows .



15 j0057] After the incubation step,
culture dishes (KSOM + 0. 50 BSA).
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preovul atory or preovulatory-like follicle. 7. The nethod as in claimd4,
characterised in that the third culture step conprises maturation of the 5
oocyte awmd @/3916l ati on-1i ke sheddi ng of said oocyte. 8. Ther/BBtt@doonf clai m
1, further characterised in that said suitable container is a reduced area
96-wel |l flat bottomculture plate. 9. A hod for assaying the effects of
a 10 chem cal or physical influence on f i cul ogenesis, conprising the
follow ng steps: Executing a follicle culture as inclaim1 in the
presence of 2 e ¢ &P RT £af pyuemn€ecduri ng at | east one

88 TY n

cel lul ar devgjppent sge, q{]ﬁe t : S...10. A method as
inclaim9, @jhar acterised I|nn t atléaésa(f‘b\sdgﬁﬁlg%s?g%g&ég%%yéa'Ey 58:@85 F6n of
-oocyt e qual iwitiby parevalhedst | arliet hwtdishl ended frieim the gaeEpecensistieng of

| VF rating, n"-[ ting of devel opnental 20 conpetence after fertilisation and
i mpl antati o ,uahsléf eFREGR nFRGLSorgEN SR ta iy SHOTRIF oW sBREERRAL§SPE or

a conbi naf | amdiierfiolradd) Argehbed as If.Chaldlhuahaaes o sed. i Bt gt
said effects are assayed by anal ysing follicul ogenesis guality by a
val i dati on mptlHod-sselsstiwn 3 amedcdesagrpup ' consisting of proliferation

anal ysi s, di rentiation_analysis, steroid_production, nucification or a

conbi nati on l{({1024r330f .12, 1%3 rre%ﬁcﬁj -FRy an'f/ll’)%f %J]ﬁ‘év%l afBteored11tizgt

further chanpetiemn saf hed hatnhsai fepl@aenaa 102 Saky %%f@ltﬁéczﬁjh%{é%%gl
e

i nfluence is continuous or discontinuous throughout the duration o
follicle culturgxow and further differentiate to theca cells. Follicles

AL F. AL& Al Al Ay, Al 9. . A& AL9. Al [L9y. Al 92. A& A9. Al 9, . Al &
gM\y | ST?g‘ﬁ al%vég\lk?%\/\] %éﬁ%‘giﬁf(% ca ?Iarﬂ&c‘gfﬂz%ﬁc%%ium kg% 2 period ot %
a] ca] ca] ca] calyea] cafcakc”a] aiea] c&adlieialcalaRall galo: alcalgadlical coall ¢

f 1" DE
? ]gi:x?nhc’\Yj ?l%]wéﬂbafga]m d8PcatBa]'td)lcapeapéayc e afég] cageandareal ca
] ca] ca] ca] cacrjec @l £ 2] 8L 58EFaL8 their development (smaller size

primary follicles will need up to 8 days to reach the

Q
£

15 preantral stage). Follicle size will then be about 100 -
130 pm, the increase in size mainly due to granulosa cell
proliferation and oocyte growth. From then on the further
procedure is the same as when starting from secondary
follicles.

20

4.B.: example using secondary follicles

[0044] When starting from secondary follicles, one
can start immediately with culture using the second medium.
This medium will promote adhesion to the culture recipient
25 surface. Culture medium is refreshed every four days. On
day 12, the culture medium is refreshed using the third
medium in stead of the second. This medium will cause the
release of a mucified oocyte-cumulus complex from the
follicle overnight, while the ococyte finalises maturation.
30 [0045] Preferably, a 96-well reduced surface area
plate (A2, Costar) is used for practising the method of the
invention. Cultures are done in 75ul of culture medium.

When refreshing medium, 30ul of used medium is removed and
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15 when using the method according to the present invention.
Primary or secondary follicles (a) are brought into

culture. When being cultured in the second medium,
attachment to the culture vessel surface is promoted.
Theca-interstitial cell proliferation (31) is promoted,

20 which results in attachment to the recipient’s surface

(b,c). During the 12-day culture, the follicle further
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Secondary follicles are wused. 10 96-well plates with
15 follicle cultures in row E are used for testing the
influence of taxol on folliculogenesis (75 ul per well).

All media used in the culture steps are constituted as

follows:
Plate number Taxol concentration
1 and 2 - (control)
3 and 4 0.01 nM
5 and 6 0.1 nM
7 and 8 1 nM
9 10 nM
20
[0050] The culture medium is refreshed every 4 days

by removing 30 pl and addition of 30ul of fresh medium.

fo051] After 13 days, follicles are scored on

survival, mucification, presence of polar body (PB), and
25 oocyte diameter. Mean values with standard deviations (gd)

are given:
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1. A method for in vitro culture of
mammalian ovarian follicles, characterised in that it
comprises the following subsequent steps:

5 - providing a suitable container for the in vitro culture,
- selecting a follicle from an ovary of a mammal, said
follicle comprising at least
- a theca or pre-theca cell,
- a granulosa cell and
10 - an oocyte,
- an optional first culture step using an attachment
prohibiting first medium which is free from oil,
- a second culture step using an attachment promoting
second medium which is free from oil, and
15 - obtaining the matured follicle.

2. The method of claim 1, characterised in
that said ovarian follicle is a primary or a gsecondary
follicle.

3. The method of claim 1 or 2, characterised

20 in that said ovarian follicle is a frozen and thawed
ovarian follicle.

4. The method as in any of the claims 1 to
3, characterised in that it comprises a third culture step
performed after the second culture step using a maturation

25 inducing third medium free from oil, resulting in a
mucified cumulus-ococyte complex.

5. The method as in any of the claims 1 to
4, characterised in that the optional first culture step
comprises the differentiation of primary to secondary

30 follicles.

6. The method as in any of the claims 1 to

5, characterised in that the second culture step comprises

the attachment of the follicle to a surface of the suitable
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at least one cellular development stage, and
15 e Assaying the effects.

10. A method as in claim 9, characterised in
that said effects are assayed by validation of oocyte
quality by a wvalidation method selected from the group
consisting of IVF rating, rating of developmental

20 competence after fertilisation and implantationm, spindle
staining, organelle analysis, chromosome analysis or a
combination thereof.

11. A method as in claim 9, characterised in
that said effects are assayed by analysing folliculogenesis

25 quality by a wvalidation method selected from the group
consisting of proliferation analysis, differentiation
analysis, steroid production, mucification or a combination
thereof.

12. A method as in any of the claims 9 to 11,

30 further characterised in that said presence of said
chemical or physical influence is continuous or
discontinuous throughout the duration of the follicle

culture.



