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METHOD FOR IN VITRO CULTURE OF OVARIAN FOLLICLES

Field.of the invention

[0001] The present invention is related to a method
for in vitro culture of ovarian follicles. More
particularly, the present invention relates to a method for
producing large numbers of mature or semi-mature follicles

and/or oocytes from the ovarian tissue of a mammal.

State of the art

[0002] Several problems can be identified in the
study of folliculogenesis, and the field of oocyte
maturation for humans and non-human mammals.

[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
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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within the ovary with a periodicity tuned to the animal's
reproductive cycle. At the appropriate time in the cycle,. .
either one or a small number of these cells will be
released from the ovary, a process known as ovulation. The
complex process by which an individual germ cell develops
to the point at which ovulation occurs is known as
folliculogenesis. Folliculogenesis involves several major
steps and the co-ordinated activities of other cells of the
ovary as well as pituitary and ovarian hormones. In vivo
folliculogenesis is however an inefficient process.

[0004] Follicle culture is an experimental technique
designed to isolate intact follicles from systemic
influences so that their metabolism can be examined
scientifically. Using follicle culture, folliculogenesis
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
follicles”, G.M. Hartshorne, Reviews of Reproduction (1997)
2, 94-104.

[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 possibilities of testing the influence
of chemicals (usually =xenobiotics) on folliculogenesig,
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 mammals). Such a test could algo be
devised to assay the influence of physical influences such
as electromagnetic or ionising radiation, ultrasound, w Oon

folliculogenesis, e.g. radiology/radiotherapy. The present
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state of the art does not allow testing in any discrete
stage of folliculogenesis, and usually it is impossible to
assess the impact of an external influence on follicle
cells in a specific stage of development, as usually a
follicle culture tries to mimic the natural situation by
including follicles at different stages of development.
[0006] Another need that exists is the need for
conservation of follicles e.g. in case a human female has
to undergo chemotherapy or radiotherapy, or ovariectomy, in
vitro fertilisation or implantation with oocytes derived
from said conserved follicles would still enable this
person to have children from her own oocytes, when this
would otherwise be impossible.

[0007] It is further clear that such a conservation
method for follicles, resulting in a more efficient
folliculogenesis combined with artificial insemination
would benefit the survival chance of several rare and
endangered species.

[0008] In other words, there is a need for a new
method for generating large numbers of mature or semi-
mature follicles and/or ococytes from the ovarian tissue of

a mammal.

Aims of the invention

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

[0010] A  further aim dis to provide a bicassay-
environment for testing external influences, such as

chemicals and physical influences (such as electromagnetic
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or ionising radiation, ultrasound, ..) on folliculogenesis,
and oogenesis more particularly on all steps included in
folliculogenesis and oogenesis individually or on follicles
and oocytes in a specific developmental stage and isolated
from normal systemic influences.

[0011] Another aim is to provide a way to generate

mature oocytes from conserved ovarian tissue.

Summary of the invention

[0012] The present invention concerns a method for
in wvitro culture  of mammalian ovarian follicles,
characterised in that it comprises the following subsequent
steps:
- 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 dJgranulecsa cell and
- 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
- obtaining the matured follicle.
[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
invention further comprises a third culture step performéd
after the second culture step uéing a maturation inducing
third medium free from oil, resulting 1in a mucified

cumulus-oocyte  complex. Said  thirxd step preferably
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comprises maturation of the oocyte and a ovulation-like

shedding of said oocyte.

[0015] The optional first culture step preferably

comprises the differentiation of primary to secondary

follicles.

[0016] The second culture step preferably comprises

the attachment of the follicle to a surface of the suitable

container and the differentiation of the follicle into a

preovulatory or preovulatory-like follicle.

[0017] Said suitable container is preferably 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 following

steps:

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

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

phases, induction of ovulation, ..). Said presence of sgaid

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

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, or by
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analysing folliculogenesis quality by a validation method
selected from the group consisting of proliferation
analysis, differentiation analysis, steroid production,
mucification or a combination thereof. The invention is
however mnot linked to the use of these tests to assay

oocytes and folliculogenesis guality.

Short description of the drawings

[0021] Fig. 1 represents a schematic overview of a
method for generating large numbers of mature or semi-
mature follicles and/or oocytes from the ovarian tissue of
a mammal according to the present invention.

[0022] Figs. 2a and 2b show respectively a follicle
in primary and in early preantral (secondary) stage of

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
follicles cultured according to the method of the present

invention.

Detailed description of the invention

[0025] The present invention relates to a method for
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 wvitro
development and maturation of germ cells recovered from the
ovarian tissue of a mammal into mature or semi-mature
follicles and/or oocytes.

[0026] The present invention will be  furthexr
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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represents all the necessary steps to obtain mature
follicles and oocytes from follicles isolated from the
ovarian tissue of a mammal.

[0028] All these steps will be further detailed in

the following examples:

Example 1

Isolation and preculture of secondary ovarian follicles
(step.1 in fig. 1):
[0029] Ovarian tissue is isolated from 12 to 14 days

old F1 hybrids C57Bl/j6 x CBAca mice and kept in a culture

dish comprising Leibovitz’s L15 medium with GlutaMAXx TTM
(Gibco BRL 31415-029) with 10% HIA FBS (Heat Inactivated
Foetal Bovine Serum) and 0.1 % penicillin-streptomycin-mix
(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 normal conditions, about 30 to 40
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 suitable

follicles per ovary can be obtained in this case.

Example 2

Selection of follicles for the method of the invention
(step 2 in fig. 1):

[0032] Not all follicles in suspension from example
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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points to development of the follicle up to the early
preantral (secondary) stage. In this case, follicles 11
should have two layers of granulosa cells 13 and a round-
shaped ococyte 15 as can be seen in fig 2b. Said follicles
further comprise theca-interstitial cells 17, a basal
membrane 19 and a zona pellucida 21. Follicles are observed
under a stereomicroscope and measured under an inverted
microscope. Suitable follicles are picked up using suitably
arranged pasteur pipettes and transferred to a cryovial
(for stocking, see example 3) or to a culture plate (for
follicle culture, see example 4).

[0033] Follicles 1in a development stage that is
earlier than secondary can also be used to practise the
present invention. The most important factor in deciding
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
used in the examples, the size of such primary stage
follicles lies between about 70 and 100um. This size is
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
described higher.

Example 3

Creation and use of a follicie stock (step 3 in fig. 1):
[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.
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[0035] Follicles as obtained in Example 2 are
collected in plastic cryovials (Simport, Quebec, Canada) .
25 follicles per vial are suspended in 150upl of L15 medium
with 10% heat-inactivated FCS and 1.5 M DMSO. Slow freezing
is performed using a controlled programmed freezing machine
(Cell Freezer R204; Planer, Sunbury-on-Thames, UK) .

Follicles are equilibrated in the freezing mixture for 15
minutes at 4©C and then cooled to -7°C at a rate of
20C/min. After manual seeding, the temperature is lowered
to -40°C at a rate of -0.3°C/min. before storage in liquid
nitrogen, the follicles are very rapidly cooled to -1100C

at a rate of -50°C/min.

[0036] Follicles are thawed ultra-rapidly by warming

the cryovials to 379C. Dilution of the cyoprotectant was
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.

Example 4

Follicle culture (step 4 in fig. 1):

[0037] The follicle culture comprises of at least
one culture step which can provide differentiated
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
differéntiation stage is crucial for successfully
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.
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[0039] When referring to dincubation periods, the

following conditions apply except when otherwise indicated:
¢ Temperature: 37°C

* Air mixture: 5% COp in air.

5 e Humidity: 100% saturated
[0040] Also, the incubation periods may vary to

obtain equivalent results when using other species than

mouse. The examples are optimised for the mouse system.

[0041] An overview of the functions of the specific
10 media as well as an example of their composition can be

seen in the following table:



Function First medium Second medium Third medium
Differentiation |From pre-theca to theca cell | From secondary follicle to | From PO follicle to in
comprising follicle preovulatory (PO) folliéle vitro ovulated metaphase
(From primary to secondary IT or mature oocyte
follicle)
Fixation Inhibited fixation to the Promoted fixation to the Release of a mucified
container surface container surface cumulus-ococyte complex
Example o-mem (Gibco BRL 32571-028) o-mem (Gibco BRL 32571- a-mem (Gibco BRL 32571-
composition: 1% FCS 028) 028)
ITS 5% FCS 5% FCS
FSH ITS ITs
LH FSH FSH
LH ILH
HCG
EGF

by

FCS = Foetal Calf Serum, ITS = Insulin-transferrin sodium selenite (5ug/5ug/5ng per ml), FSH =

Follicle Stimulating Hormone (10 mIU/ml-100 mIU/ml), LH = lutheinising hormone (0-10 mIU/ml),

HCG = human chorionic gonadotrophin (1.5 IU/ml), and EGF = Epidermal Growth Factor (10 ng/ml)

The o-mem can be replaced by any suitable basal cell culture medium, such as Waymouth medium.

91€8¥/T0 O

60200/1044/1LDd
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4.A.: example using primary follicles

[0042] In the case primary follicles (i.e. follicles
with pre-theca cells which have not vyet differentiated
fully to theca cells and might not express LH receptors on
their surface) are used, a first culture step with a first
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
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 90 and 100 pm will usually reach the secondary
stage (preantral stage) of their development (smaller size
primary follicles will need up to 8 days to reach the
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.

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
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.

[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, 30yl of used medium is removed and
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30pl of fresh medium 1is added. Schematically, both

procedures can be summarised as follows:

Day Primary Secondary
0 Plating (medium 1) Plating (medium 2)
4 Remove 30 ul Remove 30 pl

Add 30 pl of medium 2 Add 30 pl of medium 2
8 Remove 30 pul Remove 30 pl

4 Add 30 pl of medium 2 Add 30 pl of medium 2

i2 Remove 30 ul Remove 30 ul

Add 30 pl of medium 2 Add 30 pul of medium 3
13 - Retrieval oocyte
16 Remove 30 ul

Add 30 pl of medium 3
17 Retrieval oocyte
[0046] A preferred set-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.

[0047] Another possible set-up 1is 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
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,
which results in attachment to the recipient’s surface

(b,c). During the 12-day culture, the follicle further
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develops and grows (b,c,d). Growth of the follicle leads to
rupture of the structure and the formation of
intrafollicular cavities (d) (33). Said cavities and
ruptures provide for good medium circulation, thus
augmentation of the survival chances for the oocyte, as it
will be sufficiently supplied with nutrients and oxygern.
Addition of the third medium will lead to release of the

oocyte-cumulus complex (e) (35).

Example 5

Use of follicles obtained according to the invention for
testing the chemical impact of taxol:

[0049] The same method is used as in example 4.
Secondary follicles are wused. 10 96-well plates with
follicle cultures in row 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 6 0.1 nM

7 and 8 1 nM

S 10 nM

[0050] The culture medium is refreshed every 4 days

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

[0051] After 13 days, follicles ' are scored on
survival, mucification, presence of polar body (PB), and
oocyte diameter. Mean values with standard deviations (sd)

are given:
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Plate Survival Mucification PB diameter
number | mean Sd mean sd mean sd mean sd

o\°
oP

1+ 2 (100 0 96 . 0.06 78% 0.07 72.9 0.57

o

3 + 4 87 % 0.19 | 100 0 75% 0 72.2 0.42

5+ 6 100 % 0 96 % 0.06 75% 0.11 71.6 0.14
7 + 8 92 % 0 96 % 0.06 55 % 0.13 71.7 0.14
9 0 % - 0 - 0 - 0 -
[0052] Using this method, the influence of a

compound on folliculogenesis and oocyte maturation can be

assayed.

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

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

comprising the following constituents in water:

Conc (mM) Conc (g/1) Conc (ml/1)
NaCl 95.00 5.552
KCl 2.50 - 0.185
Glucose 5.56 1
KHo POy 0.35 ' 0.047
MgS50y4 0.20 0.24
Lactate 10.00 2.270
Pyruvate 0.20 0.022
NaHCO5 25.00 2.1
CaCl,.2H50 1.71 0.25
L-Glutamine 1.0 0.146
EDTA 0.01 0.0029
Streptomycin 0.05
Penicillin 0.06
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Phenolred 0.01

[0054] The KSOM medium is supplemented with 3% non-
crystalline Bovine Serum Albumin (BSA).

[0055] Fully matured oocytes comprising cumulus
formation, as obtained in example 4, are selected. Sperm is
collected by epididymus removal and dissection. Sperm is
then capacitated by incubation in KSOM + 3% BSA for two
hours; counted and scored for motility. If necessary,

concentration is adjusted to the target concentration of

2.106/ml.

[0056] 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.

[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.

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

[0059] Fertilisation rates of up to 72 % and
blastocyst development rates of up to 90% have been
obtained with oocytes provided by the method of the present

invention.
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CLAIMS

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

- 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
- 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
- obtaining the matured follicle.

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

3. The method of claim 1 or 2, characterised
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
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
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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container and the differentiation of the follicle into a
preovulatory or preovulatory-like follicle.

7. The method as in claim 4, characterised
in that the third culture step comprises maturation of the
oocyte and a ovulation-like shedding of said oocyte.

8. The method of claim 1, further
characterised in that said suitable container is a reduced
area 96-well flat bottom culture plate.

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

e 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

e Assaying the effects.

10. A method as in claim 9, characterised in
that said effects are assayed by wvalidation of oocyte
gquality by a wvalidation 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.

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

12. A method as in any of the claims 9 to 11,
further characterised in that said presence of said
chemical or physical influence is continuous or
discontinuous throughout the duration of the follicle

culture.



