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for the in %P0 @f t fedlicukeganasing aandl | tbke Fiehd anobvasycyte

maturation for humans and non-human mammals.

A
- N

20 [0003] With the widespread acceptance and use of
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

25 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 wmammals, only certain cells in the ovaries are
capable of maturing into ova. These germ cells, which are

30 present in a limited amount at birth in all mammals, are

- held in the ovaxy, arrested in an early stage of meiosis
. and incapable of being fertilised at that stage -and of
developing into normal offspring. Under noxrmal

circumstances, a number of these cells begin to develop



of a mammal, said follicle conprising at | east a theca or PLe; thé@&%cell a
granul osa cell and an oocyte, - an optional first culture st g an
attachnment prohibiting first mediumfree fromoil, - a second culture step
using an nt pronoting second nmedium free fronrorl arranged to, and
- the ret |ev§$ﬂ%f the matured follicle. 7 June 2005 T\PH2P%¥8%16

PCTBEOL/ 00209 1 5 METHOD FOR IN VI TRO CULTURE OF OVARI AN FCLLICLES
Field.of the invention 10 [0001] The present invention is, related to a
method for in vitro culture of ovarian follicles. Mire particularly, t he

present i nvemriilom &&bakﬁﬁryow@tﬂeahﬁ@&fdﬂic19?ogﬂﬁé@gt$a%ﬁgiéﬂﬂggir
mature or sem -nmature follicles and/or oocytes fromthe ovarian |ssue of

a manal . 15FREAMCEEVe heYale - [0 SPpepRriFobtiows ioarttee dyadetified in
the study o4l |5ﬁgog,§-fne§| ss,mga dd%‘@‘?’ %V +1fit Qileggcyée%}gadwgﬁrc]?t on for

humans and non- human mamal s. he "W desp Fance and
use of oocyﬁﬁiﬂﬂ§?drérpﬁntﬁewovﬁnmmah bressisndgmand Bor ot ion) THetr O

fertilisagi ébmﬂlg%ggrggggé L s?of ) ernhﬁ] gﬁggnnnl ly&@ilecéﬁgpgﬂﬁtPanked

for future use SSénce C

now, howeverto t lhdee babni25 a@xi she@h N@valaei bk alodwi-8od; £ onetQll egki ng and
storing r ers of fertilisable ova fromfenmales. The reason for
this relateégﬁélFH °$%Rﬁ§ﬁﬁuHEQA;16P5P%Eﬂﬁﬁﬁsf¥ﬂﬁ%¥§§sIﬂ@veréhaﬁﬁjqannals

only certai Bteghl and tHh VAR LS & %ct?c@{lafése o o@ﬁéyré@é %tfotﬁ"a These
germcells, which are 30 present in a limted anount at

mamal s, ar OVaKE| @8i Wethe a6y RAFIibare sand ¢VﬁnmaneamhyDQEageInfvﬁn@05|s and
of foprime oA T e, F eI SR AR oPRUES Ll s begin to-
devel op 7 JiU8802D05 WD 82liB3Ues cmtBEeli@ca&oszx@ermmémﬂ thehayghy W th a
periodicity tuned. 4o Lhe animal s . . e follicles from asystemic
influences so that their metabolism can be examined
scientifically. Using follicle culture, folliculogenesis
15 can be simulated or optimised. However, no follicle culture-‘
method is known up until now which can efficiently provide
all follicle development stages up to mature follicles and
oocytes from primordial follicles. A description of
available methods is given in “In vitro culture of ovarian
20 follicles”, G.M. Hartshorne, Reviews of Reproduction (1997)
2, 54-104,
[0005] Further, almost all successful folliclé
culture methods up until now use oil to provide a barrier
to protect the culture from external influences. This
25 practice limits the possibilities of testing the influence
of chemicals (usuvally xenocbioticsz) on folliculogenesis,
more particularly of lipophilic compounds. Said chemicals
can be destructive (negative influence on folliculogenesis)
or comstructive (positive influence - possible drug
- 30 detection for treatment of defective folliculogenesis in
.. human or non-human mammals). Such a test could also be
devised to assay the influence of physical. influences such .
as electromagnetic or iomising radiation, ultrasound, w ON

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



reproductive cycle. At the appropriate tinme in the cycle, j gne or a
smal | nunber of these cells will be released fromthe ovar)7e g&@ ess
known as ovul ation. The 5 conpl ex process by which an individual germ cel
devel ops poi nt at which ovulation occurs is k

folllculogéﬁé§?§ Fol I'i cul ogenesi s invol ves several ng?@?mﬁ@?%%s and the
co-ordinated activities of other cells of the ovary as well '‘as pituitary
and ovarian hornones. In vivo 10 folli3cul ogenesis is however an
inefficient process. [0004] Follicle culture is an experinmental technique

desi gned t o stsdleataf | thacarf obibéc! os: f 4TI yisdeiing 1zﬂfalr¥jelrtfl%%lr%9et Ih?t
ollicle culture,

their netaboh!sn1c nébﬁl ag1ned SC|ng|f|caIIy Usin

fol I'i cul ogenedi® P& &ERAHEVEIIANSEEd B9 dptuatildedt F-EV\E‘E}IEC?SSlﬂ?éef &Plicle
culture netdidsis fmoWInpRuinbt| Rowwai camalbhel el vedanguhde all
follicle devel oprrent stages up to mature follicles and oocytes from

prinordi al fGUFEcIids. 2 AsPEséF1Dt FBRIDF OFf avgiveAbbrenint h@ﬁisussaglwea in"ln

vitro cul ¢£ur a | e 1 rn V|em5 of
Reproduct?oni%(l%sg‘;é E%%%%Ql%%elé% %‘]lmf: Mﬁ ¢, Bt ]rr!raglstse%L %ﬁ%ceggful

follicle cumm&uélnﬂtfmkﬁ&qh@sunt|dlﬁﬁmweusestmges(@fpﬁeverbpmknmarr|er to
protect the re from nal fl.uences., This.25 practice lLimts the
pOSSibi|it|é§ﬂg??testlngﬂsﬁéﬁ%nf ﬁgﬁce%'gf HiHitals (HSuaMISE xERBDI ot i cs)
on foIIicuIm@aBesvatlomnwfaﬁmwmmﬂubaélg ofn | épaphd | im0 RGNS HaSai d

chem cal s gg g destructiye (negative influence on folliculogenesis) or
const ruct i v&O( PBSTIIY CHSROLhEHERY O gadiptee anly 90 aveekadtemyt oint r eat nent

of defecto veiteb!l irew00eBesish | & f n ch a test
l L O IR S

could al so be devised to assay the influence of p es such
as el ectronkgABt %It coRPerYRA r dalbiclns wouldscinidl .enalie this

fol i cul oge g di gl h ap The esent. 7 June 2005 WO
02/ 48316 P %%%‘:%ﬁoggoélaé’% scglal?g%l? ?}%@%ag Hioum 15 E}{éF?bvxi”]P%%tFﬂbsi n any

di screte swaytdoftiarwiiseubegbmesissipland usually it is inpossible to

[0007] Tt is further clear that such a congervation
15 method for follicles, resulting in a more efficient

folliculogenesis combined with artificial insemination

would benefit the survival chance of several rare and

endangered gpecies.

[0008] In other words, there is a need for a new
20 method for generating large numbers of mature or semi-

mature follicles and/or oocytes from the ovarian tissue of

a mammal .

Aims of the invention

25 [00089] The present invention aims to provide a novel
method foxr 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.

[o010] A further aim 4s to provide a bioassay-
environment for testing external dinfluences, such as

chemicals and physical influences {such asg electromagnetic




assess the inpact of an external influence on follicle cel I; in %ngeci fic
stage of devel opnent, as usually a 5 follicle culture tries t.g)ur}% t he
natural situation by including follicles at different stages of

devel opreWP 0243318006] Anot her need that exists is thePREBEMOBS conservation
of follicles e.g: in case a human fenmal e has to undergo chenot herapy or
radi ot herapy, or ovariectomy, in 10 vijro fertilisation or inplantation

wi th oocytes derived fromsaid conserved follicles would still enable this
person to have chi.ldren from.her own oocytes, when this _would otherw se be

i npossi bl e. TOOPFSHPY; L2HATREr HsotRdt slchtalebriseiogeresis 15 net hod
for folliclegnd resjdrdsie wbré PRFERIEEL;eBh 210! Lieyh 0ggmesica Gonbi ned
with artificial .insemnation would benefit the survival chance of several
rare and entRiddEréaIRT % and [gurepsin mdian duat iy, on Iver dolticleseed for a
new 20 nmet f erat ] 10yc] senl.s ure
follicles a%or&gggggeiﬁféor%%cﬁgggvari aﬁg F?géﬁﬁgﬁa%m%?}atﬁs of the
i nvent i on5 2540000 mThesystesdatinfiluentéson ains to provide a novel nethod
for the genelro%tlilﬁ)n of ma ure, or sem.- m%ture f.al licles or oocytes fromthe
ovarian tissue of a manmal . Nore part iFCuPAPlyoei & ¥8Y ahC aPfiotathe
invention t eaingeEi decytedTErbadedidergefasalding FaEysL. or sem -mature
follicles or 30. oocytes fromthe primary or secondary follicles isolated
fromthe ovary tissue of a mammal. [0010] A further aimis to provide a

bi oassay ewnhePPest duy ihestdmg external influences, such as chemicals
and physi calTniTuences {such as el ectromagnetic 7 June 2005 WO 02/48316
PCTBEO1Pd020d9922] or i oni $heigbrertingt ilonention asoneelns . g )method for

fol licul ogengsi s, d Si s r rficularly on all e i ncluded in
fol licul o eggsi ?lgt:n ooggﬁgfs]:%s i‘?\%r?v?laﬁ“g#lya%r 8#‘??)?% clfé’zilg%ﬂs'oocyt es in
a specific dbeshoprmeided ist by dadcogmtiaiead the following subsequent '

steps:

- 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,
- & dgranulosa cell and
- an oocyte,
20 - an optional first culture step using an attachment
prohibiting first medium which is free from oil,
- a secondary culture step using an attachment ?romoting a
second medium which is 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 tertiary culture step performed
after the secondary culture step using a maturation inducing
third medium free from oil, resulting in a mucified cumulus-

oocyte complex. Said tertiary step preferably



5 fromnormal system c influences. [0011] Another aimis. to rlﬂa‘éiib% a way

. : J 5
to generate mature oocytes from conserved ovarian tissue. Sumrary of the
i nvention_10 012] The present invention concerns a nethod for in vitro
cul ture OYOW&RH& i an ovarian follicles, characterisBE/PHIOIEE it conprises
the foll ow ng subsequent steps: { - providing a suitable container for the
in vitro culture, 15 - selecting afgdlicle froman ovary of a manmal ,
said follicle conprising at least - a theca or pre-theca cell, - a

gr anul 0sa_ceblyatbs ABAARNLE: 0?0 neAbORKONAl: 11T Sl LMl g SLep using

an attachnment “prohibiting first mediumwiich Ts fre rom ol I, secondary
cul ture stephadding af saidctnmene. pronoting a second nmediumwhich is free

fromoil, a bt ai ni t r | li.cle, 25 [0013] Said gvarian
follicle camggjésg pri rra?g-leogﬁgimfsagcggﬁ%‘?y&%&ﬁrﬁcf%‘?g Fart %E?fe%%ld’ ovari an
follicle cadolhprise fr ahen differbavkd i@ar oan f}ﬁirddz?' etof re¥BchaRhQck of
ovarian folljcles or fromovarian tissue. [0014] In a preferred

enbodi nent , f?#‘lglﬁe?%od of the 30 invention further conprises a tertiary

cul ture stepopest or nedrhafdeebniigy s»ﬁg%@aryt&y'ﬂawﬁréf&%bﬁi NGB Wt uration
inducing third nediumfree fromoil, resulting in a nuci Fed Cuntil us- |

oocyt e conptlex.at@chnent tohthesfeblinlef &oabl suifahenef 2085 suiDaR2e48316

PCTBEO1/ 00 . ' : L.an. of. the t d ovul ation-1like
sheddi ng of a0 SeoyTS 0T T ore stishartt e TSAREETe SPED fny
pr ef er abl y posrnmiliasery her ¢girebetbattdamat-l1dkeofoPridiery to secondary 5

folli clngﬁ E)(ﬁ)qt ] The secondary culture step may preferably conprise the
att achnent e fol licPed suatabie santefinehenmuiprapeably be a

reduced area 96-well flat bottom culture plate.

[0018] Another aspect of the present invention is a
method for assaying the effects of a chemical or physical
influence on folliculogenesis, comprising the £ollowing

15 steps:

*» Executing a follicle culture according to the presgent
invention in the presence of said chemical or physical
influence during at least one cellular development
stage, and

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 validation method

30 selected from ‘the group cdonsisting of IVF rating, rating of-
developmental  competence after  fertilisation and
implantation, gpindlé -~ staining, organelle  analysis,

chromosome analysis or a combination thereof, or by



container and the differentiation of the follicle into a prfganz%bgry or
preovul atory-like follicle. 10 [0017] Said suitable container

preferably be a reduced area 96-well flat bottomculture plate [0018]
Anot her %ﬁp gf the present invention is a method fqgroassaying the
effects of a c%enlcal or physical influence on folliculogenesis,
conprising the following 15 steps: Executing a follicle culture according
to the present invention in the presesce of said chem cal or physical
i nfluence during at |east one cellular devel opnment stage, and 20 Assaying
the effects.anh0@9hg APl Vidid dobBesNENHGal 1§ HRNYSi ¢ s dfibHenRgengnly at a
speci fi ed short erlod during the folllcle culture all ows assaying the
i nfl uence at®¢¢fFEfdal E@Fnt%hergﬁQRPf(ﬂqnﬁéﬁﬁﬁ@gd|¢ﬁerE¢ﬁ1%ﬁﬁn@h1@B g.
preantral, apkhak:25 o] | a resence of
sai d chenlcal gr ph 2?%§@§?%¥ﬂﬂ%§%% %g%i %gﬂ b%hggﬁ J%us tﬁ?§09hout t he
duration of mugéfiertiian ecxukt Wosbipe02e} Sheéxkead.f eTihes damertipn bes
conveni ent | ed..b d tiop of . goc ual it val i dation
met hod g% égﬁéggﬁngr Wi ehgﬁbupqﬁong?%t¥% SFV#@%Q%E%P ASFRAg of
developnentachtempﬁtbﬁbélaémxﬂgéhﬁ@hslq&a&iﬂyi and inplantation, spindle
stai ning, organelle analysis, chronobsone analysis or a conbination
thereof, or by 7 June 2005 WO 02/48316 PCTBEOL/ 00209 6 anal ysing
foIIicqugeBﬁsfs dpiRiribyiby &F ald QQE%g%ggethod sel ected fromthe group
consisting Q roliTeratron analysrs ferentiation analysis, steroid
product i on, [0 ficati ofi%r h TORARSENTSOR teehematic Theermiantobmais 5
however jpot d Qocyt es and

100t b ke fBQ tg'é%e%ﬁ@:.x?& EI.Q@ & tnﬁﬂ)ér% ﬁ ure (8833 Fig.

follicul ogenesi s quality ort desc rptrono amnngs
represents wakerreninlildcdeer endlvofoarytes from the ovarian tissue of

1

a2 mammal according to the present invention.

[0022] Fige. 2a and 2b show respectively a fbllicle

in primary and in early preantral (secondary) stage of
15 development.

[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 ococytes. '
[0026] The present invention will be. further
clarified using several non-limiting examples.
[0027] An overview of the method according to the

invention can be seen in figure 1, which schematically



10 nethod for generating |large nunbers of mature or sem - ne,tﬂnng)ﬁél icles
and/ or oocytes fromthe ovarian tissue of a mammal according to the
present invention. [0022] Figs. 2a and 2b show respectively a follicle in
primary a‘,pggi',& Rarly preantral (secondary) stage of llér,gfo\{ﬁ,{pgprrent. [ 0023]
Figs. 3a an 3% show both a preferred culture plate set-up tor practising
the met hod of the present invention. [0024} Figs. 4a to 4e depict the
devel opment of 20 follicles cultured dccording to the nmethod of the
present invention. Detail ed description of the invention [0025] The
present i nvergpresenesatebl t ¢l neihedsdor s2Bpgenesat digilar gatauabers of
mat ure or sedi,- ure faollicles apd/or_opcytes fromthe ovarian tissue of
a manmal . mef:gélgg%%%i A Cal ?%y%ets ref 4t e5° ]tJtFL'lT‘?@t hb%‘gaft@fﬂ theem nthetro
devel opnment camacigattisdiconfoh genmicel | s recovered fromthe ovarian tissue
.30 follicles and/or oocytes.

of a mammal @ég mat ur e ?-515. se&}_}- mat ur e _
[0026] The Hb ht i nvenfidntWeFe BeSBaurvHdr becfartiiesd despaled eier al
non- i m ts ngrexaspl &sind AAhb14w. overview of the nmethod according to the

i nvention can be seen in figure 1, which schematically 7 June 2005 WO

02/ 48316 PCTBE01/00209 7 represents all the necessary steps to obtain
mature fol lgles. apd oocytes fromfollicles isolated fromthe ovarian

ti ssue of a—mammaf—[0028] Al these steps will be further detailed in 5

t he foll ow Agodatingl esndExamedtlrd selfatdcadnaady proeawt bur €0af i sespndary
ovarian fol I(i El es .(stfep.l 'b]p fig. 1): 10 [0029] Ovarian tissue is isolated
from 12 to 18°8Rys *I%d911hibrids C57B1/j6 x CBAca mice and kept in a

cul ture 1odi goozenpri si ngokerhayidizstelld iRAMENWELdn GUERVAX §IM

- old F1 hybrids C57B1/j6 x CBAca mice and kept in a culture

dish comprising Leibovitz’'s L15 medium with GlutaMax IIM
(Gibco BRL 31415-029) with 10% HIA FBS (Heat TInactivated
Foetal Bovine Serum) and 0.1 % penicillin-streptomycin-mix
15 (Gibco BRL 3032908). The ovaries have to be freed of
oviduct and fat.
{oa30] With a needle, the surface of the ovaries is
scratched, releasing the follicles into suspension into the
L15 medium. Under normal conditions, about 30 to 40
20 suitable follicles per ovary should be obtained with this
isolation method.
[0031}] When one wishees to isolate primary follicles;
one can use 7-8 days old mice. About 10-15 suitable
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



(G bco BRL 31415-029) with 10% H A FBS (Heat I|nactivated Fge%@g gyi ne
Serun) and 0.1 % penicillin-streptonycin-mx 15 (G bco BRL 30 & ? The
ovaries have to be freed of oviduct and fat. [0030] Wth a needle, the
surface varies is scratched, releasing the f i j nto

suspensi girllo?ﬂn‘?%ﬁt he L15 medi um Under normal condi tigénllsd,ngﬂlé@%adt 30 to 40 20
suitable follicles per ovary should be obtained with this isolation

met hod. [0031] Wen one wi shes to isol 8te primary follicles, one can use
7-8 days old mce. About 10-15 suitable follicles per ovary can be

obt ai ned i n gdinsscdse. d@beIoparple X Sehectbbbiole f abl ited eshé okakhg met hod

of the invention t 2 in fig. 1): [0032]. Not all falli¢les in
suspensi on fprrc?%nté%%frpﬁgec%gﬁryar est%ﬂet'a b %%JrSfSF‘F?cI éolcttﬁf‘?]cﬁ%. 1¥0 nake
sure that aldhoul @l hied eswgr Diyedls JFPLRALABSS] YodNg S3MnHALE rolhg- sel ect ed

follicles should ,have a similar diameter. in this specific case, a
di anet er of BEPGReACINER altl 23R P8 SaPRabl el dhRY- J3mid A3 ickes 02/ 48316

PCTBEQ | O@Z%réheﬁoi&anspﬂigedem%%@tergéiei@] f%phg' S HP 10 ;bgs garly
preantral (secondary) Stage. In this case, follicles 1 should hiave two
| ayers of gimgRbrara Keland a3zemrl pellvghde Fhapedliotys eaxks cheecaadbe seen

in fig 2b. LA faqllj onprise theca-interstitial cells 17, a
basal nenbrﬁgllr%grlg aén%%%?gﬁggééﬁ%c%pgﬁés%‘? i BPAST aPB OBYEFUEd  under a
st er eoni cr ostopes ok mSastable uiuldr caes | e rdiettedniupr @SORP Ui BEbIRbI €
follicles are picked up using,suitabl arranged pasteur pipettes and
transferred afﬁglég%$y8@$5?uﬁogfﬁ%§t?t n’@?a%'g@rgp%mt{% 3) GYordah culture
plate (fior (Eotlsebeking ! W seepexanpl erdko [H0Q3Ilukel Ligtes (ko2

devel opment stage that I1s earlier than secondary can also be used to
practise th&olptle Multhyent Fosh.expiBlaost- i nportant factor in deciding

[0033] Follicles in a development stage that is

"earlier than secondary can also be used to practisa 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 used in the examples, the size of such primary stage
follicles lies between about 70 and 100um. This size ig
however specific for the mouse system, appropriate size fof
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 follicie 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 technigue is described in the following

paragraphs.



15 whether follicles are sufficiently differentiated is t he7ﬂ[ng%6§e of
theca cells 17 or pre-theca cells 23, which are present at the outside
surface of a prinmary stage follicle as can be seen in fig 2a. Pre-theca

cel I's m gh enRtis€XPress the LH receptor yet on theirpsppfaffns ! N the nouse
nmodel 20 used I n the exanples, the size of such primary stage follicles

| i es between about 70 and 100m This size is however specific for the
mouse system appropriate size for otRer species can be deternined by the
person skilled in the art by relating to the cellul ar devel opnent stage

- 25 descri bed®AB8her. Exafpléldler eatsi ovbaninede Di aEfwigliecl @ steek (step 3

infig. 1): .- 34 licle stock. ,can be created using
cryopreservgfﬁggc%%cghﬁ%qééég Howr ytoérltaﬁg é%ﬁ“?%’&t’pe OIS A E R | e of
such a technBqfiell sches @dibedalnatesdaldodeidngn pa a0l &PhsLs fed¥ng 2005 WO

02/ 48316 PCTBED1/00209 9. [0035]. Follicles as obtained in Exanple 2 are
col lected i #* aﬁ)’f i’%ﬁ%&&‘%ﬁ%"%‘@@rﬁ&ﬁt ?n‘%ﬂebreé’{ DMgRaddIow £xmegdngi cl es per

vial are suspepéeebinied 5@phgoh Adf B dbd My 'ﬁﬁéﬁw%Q@éiiﬂé‘?rféggﬁﬁéed FCS

and 1.5 M DMSO,  Slow freezing 5 is perforned using a contro progr ammed
freezi ng madhthk FTEREeFr 8284 R2BAane aneBuniSyrbumy - ThanFhamesK) UK) .

Follicles a idd {4A 4 eezi } e for. .15 Lnut at 4C
and t hen coglsjég%ﬂoéé- t7)£CI§)€!;at 1?15%325%%& %%%%ﬁ é?lgnénﬁ% TCseldi ﬁg t he

t enper at ur episutemered 4% t and40Gedt @dide b ~903C/ g ny befir e storage in
liquid nitrogen, the follicles are very rapidly cooled to -110C at a rate
of -50C/ m n2°C0036] Ady cleesiadr eceliimgd tihd rvenmiadhireby swWabwpggd t he

cryovials to 37C._Dilution of the cyoprotectant was 15 done in three steps
(reduci 1§ t ke chitermt & iteFeoPEDMEG Y4/ int. beRpre dtdvaped imhdnqubd0.5 M of

15 mnutes at, room t ure. Before culture, follicles are equilibrated
for 15 mi n™tH 995 starg;ﬁoahlﬁgﬁ? Ui it VEIC FRIA LS9 36ANECoNL10°C
at a rate of -50°C/min.

[0036] Follicles are thawed ultra-rapidly by warming

the cryovials to 37°C. Dilution of the cyoprotectant was
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 handied as freshly cbtained 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 using suitable

mgdia. 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 1is crucial for  successfully
30 implementing the method of the present invention.

[0038] 7 Two - examples will illustrate how one can use

the method of the present invention with follicles at

different differentiation stages.



the follicles can be handled as freshly obtained follicles. le 4
Follicle culture (step 4 in fig. 1): [0037] The follicle culture conprises
of at 'least one culture step which can provide differentiated 25
follicle j rentiation is provoked by using suita i In the

met hod oﬁv?@gfs%‘rﬁesent i nvention, nedia can be divi deg&?BnﬂFﬂér@e groups: a
first medium second nmediumand third medium Uilisation of the right
mediumat the right- differentiation si@ge is crucial for successfully 30
i npl ementing the method of the present invention. (0038] Two exanples wll
illustrate hie®3die can usient hesfeatiad ofo t RAcRHLSEME HAYEAd4 ON it h
follicles at i ff.erent gjfjerentiation stages. 7 June 2005 WO 02/48316
PCTBEO1/ 00206 11§05 MWHSRSr BPRYY iSTGePs Vhelwitiesiper intsatete

foll owi ng conditio0 cept, when ot herw se indicat ed: Tenper at ur e:
L9 N POy e E BB O e INe, O dity: 100% saturated [0040] Al so.
the incubation perizdgsmimyudar %3t @0, Obh &l equi val ent results when using
ot her species than nouse. The exanples are optimsed for the nouse system
[00411 Ar5overvi ewindnitibey{ urooti easueitddie specific 10 nedia as well as an
exanpl e of t@g]i r..conposition can be, seen in the follow ng table: 7 June
2005 WO 02/%#8%P8 pcTBEOLAEB20G R4 ingulsfipy ~PRE1QAS | ey LR 4E041 WE

("N) Il a) dbtHifl @cuiva18dt results when using other species than
mouse. The examples are optimised for the mouse system.
[6041] An overview of the functions of the specific

10 media as well as an example of their composition can be

geen in the following table:
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dld!l H.-i O0OH41 LUTrt 010) d EHA4) r-i :DMa). O Luit
! oR,G(944WU0‘F-<4IIHH(6ArdO-Ht4-d-}|J—'ll%b%oég)Hm04
H UC’TEO0O PErAmME3EOO mEaOH,ydua) wHx UH 0 -4HO
C001 ',x," 1111 41 0) rz a) -HHO a) - = 41 U 44 41
EO04 it W)Ih&l‘%;16 r, 44 co -d k 0O co HU a) r, WAF%(%Z@%R}@}%UT 4 7
June 2005 WO 02/48316 PCTBEO1l/ 00209 12 4. A : exanple using primary
follicles [0042] In the case primary fdRlicles (i.e. follicles with
pre-theca cells which have not yet differentiated fully to theca cells and

m ght not expriess ekbimpbe optiogs pohmbri iln iglledace) are used, a first
culture step, W a firs [ture nmedium i cessary. [0043] In this
step, the abBQI/UeétzﬁEnt i onegnf %E?tca%(ﬁﬁ]ﬂaﬁ gggﬁl.ﬁﬁ‘?i dindikmbddialesal | ow t he
pre-theca cetith poegnewaanseTiy thpickli bheeenidratgait 05t besaralhsg
Follicles 10 _are e.g. cultured in 75 pl of mediumfor a period of 4 days.

After 4 daysiifgl FPcFBE=qiit91 18 endr Mingt sidte @press LH receptors on

5 their surface) are used, a first culture step with a Ffirst

culture medium is necessary.
[0043] In this step, the above mentioned first
medium is used. This medium will allow the pre-theca cells
to grow and further differentiate to theca cells. Follicles

10 are e.g. cultured in 75 pl of medium for a period of 4
days. After 4 days, follicles with a starting size of
between 950 and 100 pm will wusually reach the secondary
stage (preantral stage) of their development (smaller size
primary follicles will need up to 8 days to reach the

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

20

4.B.: example ﬁsing gecondary follicles

[0044] When starting from secondary follicles, oné
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 oocyte 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, 30pl of used medium is removed and



between 90 and 100 pmwi || usually reach the secondary stage)fRr-gasgtral
stage) of their devel opnent (smaller size primary follicles wll need up
to 8 days to reach the 15 preantral stage) . Follicle size will then be
about 10Qyq egd@ePm the increase in size mainly due tP%ﬂﬁﬁﬂ}dﬁz%a cel l
proliferation and oocyte growmh. Fromthen on the further procedure is the
same as when starting fromsecondary follicles. 20 4.B.: exanple using
secondary follicles [0044] Wen start i3r§g from secondary follicles, one can
start imediately with culture using the second nmedium This mediumw ||
promot e adhé$tdn f6 t heeshul tugdiureciysi emddes. suf¢leestiCaliiyr e bedhum i s

refreshed eﬁ’%xe‘ﬁ%ﬁ @%yl_sbe%heng%@éﬁ%%, aLhe gyl ture mediumis refreshed

using the third nediumin s the second. - This mediumwill cause the
rel ease of a mucified oocyte-cunulus conplex fromthe follicle overnight,

whi | e t he eacyteritnabises—raturati-or—364+0045] Pref =wel |
reduced su Pg e ai?géma'ﬁ’ate (A2, Costar) igeﬁgré%alfi@r practi sing th£ met hod
of the in Plafithd UmeRiiake16one TN BT Bl & UildFiGnTEfT U vihen

@ntio
r ef r eshi ngM?ﬂp1 of used nmediumisirenoved and /7 _June 2005 WD
02/ 48316 PC¥BE01/H6pe9e 13 1301 of fresh mpBeuave Stadded, Schematicdlly,
both procedures|gan bg su I foll X Prid mar.y _Secondary O
Plating (medium £ ati@q%ﬁ?ggﬁn? 5 R A0 P iREY s Al 0 |
of medi um p8Add BBepbvef3tpdi um 2 8 RenpyReddvd Fepve 30 I Add 3P | of
B0 .Al_ Renove 30 | Add 30 Al of

medi um 2 Afdd 30 f di.um 2 Renove ,
medi um 2 Afd 30 - Agfri %dﬁlurﬂfgme%éu- Retri efdf by eT1medE¥dE 30 | Add 30

| of medium3 Remove 30 pul Remove 30 pl
Add 30 pl of medium 2 Add 30 pl of medium 3
i3 - Retrieval oocyte
16 Remove 30 ul

Add 30 pl of medium 3

17 Retrieval oocyte

5 [0046] A preferred get-up is presented in fig 3. 96-
well reduced surface area flat bottom culture plates
(Costar) are used. Fig 3a shows a first possible set-up.
Black circles indicate culture wells, white circles
designate wells filled with water.

10 [0047] Another possible set-up ig given in fig 3b;

Here, row E is used for culturing, while all other wells

are filled with water. The water is added to create a
suitable microenvironment (100% humidity) at plate level.

[0048] Fig. 4 shows the development of the follicle

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 wedium,

attachment to the culture vessel surface is promoted.

Theca-interstitial cell proliferation (31) 4is promoted,

20 which results in attachment to the recipient’s surface

(b,c). During the 12-day culture, the follicle further



17 Retrieval oocyte 5 [0046] A preferred set-up is presented jp.fdsgs3. 96-
wel | reduced surface area flat bottomculture plates (Cbstaf% are used.
Fig 3a shows a first possible set-up. Black circles indicate culture

wel | s, ' ,bJcles designate wells filled with wat 047] Anot her
possi bl e sedt%{“g%gi s givenin fig 3b. Here, rowE is u@?ﬂég{?(b@ul turing,
while all other wells are filled with water. The water is added to create
a suitable mcroenvironment (100% hurfi“dity) at plate level. [0048] Fig. 4
shows the devel opnment of the follicle 15 when using the nethod according to
t he present dengters gmd gPpivamfly, @) s eGomder Wwif ohki Ebkbidla) landsbteught into

culture. W .ng I tu in.the, second di attachnment to_the

cul ture vesggPpgﬁgfagg isEggonﬁ¥%ﬁFtu?%ec§¥¥ﬁtegg%iti%ﬁrqﬁalpnpronferation
(31) is prodotesfoldGonfizeh cesitiesss | Mdatt aghpentsd@ t hentieekpi eptgs surface
(b,c). During he 12-day .cult the follicle further 7 June 2005 WO

, ur e, .
02/ 48316 P 1750208 V&dedev%%ropsgoéﬁ’d JIsRE™Y( b, Er@plaiem h Bhus he
follicles eadgmémativnl BECLRE bRy SIUChHABe #NELA N YIBELONLOf 3¢
intrafollicular cavities (d) (33). Said cavities and ruptures provide for
good nedi un¥éit chfacibfilcieiidys surpldstariish oltrhentsr endabxghences for

the cocyte, ol id | f.fd Cl y pk | Lth_nutrients _and oxygen.
Addi ti on of Atéﬁjéﬁtorﬁ \r% rrte%eu%ivj\ﬁ ﬁdﬁ%ggg ngl?elll%%geg\%f rﬁi‘l%aseoo%yttég%unul us
conpl ex (e)¢e&yte-romEkaaptensldisded3%bl | icl es obtai ned according to the
invention for testing the chem cal inpact of taxol: [0049] The same net hod
is used as in exanple 4. Secondary follicles are used. 10 96-wel | plates
with 130f oEkamdle Gul tures in row E are used for testing the influence of
taxol on fo Iicu%o enesi.s (7§?AI, per well), Al nedia used in the culture
steps are ¢ 23t 7 u?gﬂf%&}e%(ﬂ tsiged according to the invention for

testing the chemical impact of taxol:

[0049] The same method is used as in example 4.
Secondary follicles are used. 10 96-well plates with
15 follicle cultures in zxow E are used for testing the
influence of taxol on folliculogenesis (75 pl 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 & 0.1 nM
7 and 8 1 nM
g 10 nM
20
[0050] The culture medium is refreshed every 4 days

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

[0051] After 13 days, follicles - are scored on

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

are given: .



Pl ate nunber Taxol concentration 1 and 2 - (control) 3 and 746191199505”\/' 5
and 6 0.1 nM 7 and 8 1 rim9 10 nM 20 [0050] The culture mediumis
refreshed every 4 days by renoving 30 | and addition of 30gl of fresh

medi um gAfter 13 days, follicles are scored o I
rru0|f|catvlgrgﬁ§4]8hpresence of polar body (PB), and 25 oogngtl%ttméaZ\r‘r%ter Mean
values with standard deviations (sd) are given: 7 June 2005 WO 02/48316
PCTBEO1/ 00209 15 Plate Survival j Mictiication PB dianeter nunber nean Sd
mean Sd mean Sd nean Sd 1 + 2 100 %0 96 s 0.06 78%0.07 72.9 0.57 3 + 4

87 % 0. 99 100 %0 75% 0 72. 2 0.42 5 + 6 100 %0 96 % 0.06 75%0.11 71.6
92—16—6—96-9%-0 ::0/n1q717n_149r\0/-n-ﬂ-(’)-[0052]

700~

0.14 7 0
Usi ng thi+s n‘ggﬁ%%, tﬁBrVJn‘fa?]uer wcéfflﬁat%‘rrpound E&n fol I|i c@%%‘@@‘f@%l s and

oocyte mat yrratmber [CABaRe 5d a$SAYRN. | BEanp| Gean! ' Y T 0 L& d |§—§ﬁ—ron (1 VF)
and enbryo transfdr (ET){ using oocyfes obtainedlwith fhe presen

i nvention: |18 TO?)EQ‘]O\OT% médi nPésed| P0eP6| VF7&%nbrd.98s [ KBOY | eosmpr|i si ng
. .,‘,J\A Chin (ol 1) ["nr‘r\ /rﬁ/l) Nac:l

the fol |l owifm FOTStRLTET rTWat-et T Cone—( e
95. 00 5. 552 %01 1507 0° 1 @19 R0s& b b 1| kibPbs B, 3% o4l O NS4 0. 20
0.24 Lactate 4G 0ao02. 270 S6 % 0.06 75% 0.11 71.6 0.14

o

7+ 8 82 % 0 °s 0.06 | 55 %5 | 0.13 | 71.7 0.14

9 0 0 - Q - 0 -

o
I

[0052] Using this method, the influence of a
compound on folliculogenesis and ococyte maturation can be

5 assayed.

Example 6 )
In Vitro Fertilisation (IVF) and embryo transfer (ET) using

oocytes obtained with the present invention:
10 [0053] The wedium used for IVF comprises KSOM,

comprising the following constituents in water:

Conc {mM) Conc {g/1) Conc (ml/1)

NaCl 85.00 5.552

KCl 2.50 - 0.185

Glucose 5.56 1

KHy POy 0.35 0.047

MgS0y 0.20 0.24

Lactate 10.00 2.270
| Pyruvate 0.20 . 0.022

NaHCO3 25.00 2.1

CaCly.2H50 1.71 0.25

IL-Glutamine 1.0 0.146

EDTA 0.01 0.0029

Streptomycin 0.05

Penicillin 0.06




Pyruvate 0.20 0.022 NaHCO03 25.00 2.1 CaCl2.2H20 1.71 0.25 ﬂ_u?e%a ine 1.0
0.146 EDTA 0.01 0.0029 Streptonycin 0.05 Penicillin 0.06 7J une 2005 WO
02/ 48316 PCTBEO1/00209 16 | Phenolred 0.01 [0054] The KSOM nediumis
suppl enenggdyWsigh 3% non- crystalline Bovine Serum Al pufhin B - [0055]
Ful |y matured oocytes conprising cunulus 5 formation, as obtained in
exanple 4, are selected. Spermis collected by epididynus renoval and

di ssection. Spermis then capacitatediby incubation in KSOM + 3% BSA for
two hours; counted and scored for. notility. If necessary, concentration

i s adj ust ed| pigeridleetiar get| concentrati oy pfgy L0 2. T06/m . [ {00561 —The
sel ected o -cumilus complexes are #ransferred into 30 | of KMHO + 3%

BSA, and 10 | of capacitated spermis added, and an incubation step of
2:30h  foll opgps435 [ 0057]mAf @byt ' hatj ocyt.es .are
transferred to enbryo culture gwsﬂggiﬁ%éﬁ%%@gﬁ@?‘"r tCE)cy"t é¥%re first
cl eaned by rapsieddliye phpaints Sgrwntillandd (BEApI pette, resulting in
det achnment Ofoftzf%z curul us; cﬁl S afﬁmd he %Sﬁrém cel | sr:fLr,om t he oocyte. 20
[0058] After ours of “furthePPricthatIEH, - 5ocTLEET 1R heS R GMEd f or
fertilisali diorimptdenecas wbtafintwoi€edianpeabsyonal wtiageed| 085 is
Fertilisation._rat es%oggup t.o.72 % and EI astocyst devel opnent rates of up
t

to 90% have Gﬁéf&ﬁCt? EPAEHIS BHEMAds BrbiRaedSyonhe Sperhodsof t he
present i nyeRhl QRApabidHPEd 2805 inddbation in KSOM + 3% BSA for two

hours, counted and scored for . motility. If necessary,

concentration is adjusted to the target concentration of

10 2.108/ml.

[00561 The selected oocyte-~cumulus complexes are
transferred into 30 pl of KMSO + 3% BSA, and 10 ul of
capacitated sperm is added, and an incubation step of 2:30h
follows.

15 [0057] After the incubation step, oocytes are
transferred to embryo culture dishes (KSOM + 0.5% BSA).
Oocytes are first cleaned by repeatedly pipetting with a 20
pl pipette, resulting in detachment of the cumulus cells
and the sperm cells from the oocyte.

. 20 [0058] After 24 hours of further incubation, cocytes
can be scored for fertilisation by detection of two-cell
embryonal gtage.

. -[0069] Fertilisation rates of up to 72 % and
blastocyst development rates of up to 90% have been

25 obtained with oocytes provided by the method of the present

invention.



CLAIMS 1. Anmethod for in vitro culture of mamal i an ovarlqunégdobcles
characterised in that it conprises the__follow ng subsequent

providing a suitable container for the~i'n vitro culture, - selectlng a
follicle froman ovary of a manmal, said follicle conprising at |least - a
theca or pre-theca cell, - a granulosa cell and - an oocyte, a secondary

culture step using an attachnent pronoting second nmediumwhich is free
fromoil, and - obtaining the matureg¢ihaM$icle 2. The nethod of claim1,
characterised in that the nethod conprises a primary culture step executed
before the secondary culture step, using an attachnent prohibiting first
medi um which is freelfrdmmithed3, fokheimettidgoof cltairm 1of chamagt £4r sed in

that said Quaukan fohlikebe | end:seca0dany £01 Ligle 4 Jhemethod of claim
2, characterised in that said ovarian folliclé is a pr| ry 8115 :

The net hod B l1gHynefsUtfederat mtepsto 4, characterised in that sald pvarlan
follicle is apié@ﬂfﬂmagdﬁufﬂﬁﬂ%dCQM%Lm%Q l“%%!%n gltgpeuqﬁﬁggsigfyln any

of the clains1l to 5 aracterise conprises a
cul ture step speeftomgedaaffcdlithe snomndatyo@ukyURﬁfshepmm&mag asda|d uration

i nduci ng thirgoﬂggiQﬁbg&ggﬁ;ugpégdgms esulting in a nucified
un

cunul us- oocyte conpl ex 8 7. The nethod as in any of the
claims 2, 4 or 5 e&hdreaet eri seg-tiheceha¢lit,he primary culture step conprises
the differentiation of primar econdary follicles. 8 The nethod as in
any of the clainms 1 967, Oséﬁﬁlécﬁﬁalsed in that the secondary culture step
conprises the attachientepf the follicle to a surface of the suitable

cont ai ner and the differentiation of the follicle into a
a secondary culture step using an attachment promoting

second medium which is free from oil, and
- obtaining the matured follicle

2. The method of claim 1, characterised in that the
method comprises a primary culture step executed before the
secondary culture step, using an attachment prohibiting first
medium, which is free from oil.

3. The method of c¢laim 1, characterised in that said
ovarian follicle is a secondary follicle.

4. The method of ¢laim 2, characterised ian that said
ovarian follicle is a primary follicle.

5. The method of any of the claims 1 to 4,
characterised in that said ovarian follicle is a frozen and
thawed ovarian follicle.

6. The method as in any of the claims 1 to 5,
characterised in that it comprises a tertiary culture step
performed after the secondary culture step using a maturation
inducing third medium free from oil, fesulting in a mucified

cumulus—-oocyte -complex.



preovul atory or preovul atory-like follicle. 9. The method as;j
characterised in that the third culture step conprises maturation of the
oocyte and a ovulation-like shedding of said oocyte. 10. The nethod of
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13. The method of claim 1, further characterised in
that said suitable containexr is a reduced area 96-well flat
bottom culture plate.

11. A method for assaying the effects of a chemical
or physical influence on folliculogenesis, comprising the
following steps:

* Executing a follicle culture as in claim 1 in the presence
of said chemical or physical influence during at least one
cellular development stage, and

¢ Assaying the effects.

12. A method as in claim 9, characterised in that
said effects are assayed by validation of ococyte quality by a
validation method selected from the group consisting of IVF
rating, rating of developmental competence after fertilisation
and implantation, spindle staining, organelle analysis,
chromosome analysis or a combination thereof.

13. A method as in claim 9, characterised in that
said effects are assayed by analysing folliculogenesis quality
by a validation method selected from the group consisting of
proliferation analysis, differentiation analysis, steroid
production, mucification or a combination thereof.

t4. A method as in any of the c¢laims 11 to 13,
further characterised in that said presence of said chemical
or physical influence is continuous or discontinuous

throughout the duration of the foliicle culture.
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