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23 SUMMARY:

24 We describe the procedures for isolation of growing oocytes from ovarian follicles at early
25  stages of development, as well as the setup of an in vitro culture system which can support the
26  growth and differentiation up to the fully-grown stage.

28  ABSTRACT:

29  The limited reserve of mature, fertilizable oocytes represents a major barrier for the success of
30 assisted reproduction in mammals. Considering that during the reproductive life span only
31 about 1% of the oocytes in an ovary mature and ovulate, several techniques have been
32 developed to increase the exploitation of the ovarian reserve to the growing population of non-
33  ovulatory follicles. Such technologies have allowed interventions of fertility preservation,
34  selection programs in livestock, and conservation of endangered species. However, the vast
35 potential of the ovarian reserve is still largely unexploited. In cows, for instance, some attempts
36 have been made to support in vitro culture of oocytes at specific developmental stages, but
37 efficient and reliable protocols have not yet been developed. Here we describe a culture system
38 that reproduce the physiological conditions of the corresponding follicular stage, defined to
39 develop in vitro growing oocytes collected from bovine early antral follicles to the fully-grown
40  stage, corresponding to the medium antral follicle in vivo. A combination of hormones and a
41  phosphodiesterase 3 inhibitor was used to prevent untimely meiotic resumption and to guide
42  oocyte's differentiation.
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During the reproductive life span, only a minimal fraction of the oocytes that are present in an
ovary mature, are released in the fallopian tubes upon ovulation, and are available for being
fertilized and develop into a viable embryo!. On the other hand, most of the oocytes within an
ovary undergo atresia and are never ovulated. In vitro embryo production (IVP) technologies
have attempted to increase the exploitation of the ovarian reserve?3. Thus far, such
technologies have allowed interventions of fertility preservation, selection programs in
livestock, and conservation of endangered species. Nevertheless, most protocols use oocytes
that have basically completed the growth phase within the antral ovarian follicle, and hence are
referred to as fully-grown oocytes. In cattle, where IVP technologies are widely used, fully
grown oocytes reach a final diameter of approximately 120 um and are collected from follicles
that span from 2 to 8 mm in diameter (medium antral follicles)!. Upon isolation from the
follicles, such oocytes are in vitro matured and fertilized. The zygotes are then cultured up to
the blastocyst stage and either transferred into a recipient or cryopreserved. In cattle, as well as
in many other species, despite the potential offered by IVP, the number of in vitro produced
embryo per cow did not largely improve for the last 40 years. This is in part due to the limited
number of fully grown oocytes that populate an ovary at a given time which can be retrieved
and subjected to standard IVP techniques*®.

The oocytes enclosed within early antral follicles, i.e., those follicles that are less than 2 mm in
diameter, represent a potential source to be used in fertility preservation programs’ , as an
ovary roughly contains 10 times more early antral follicles than medium antral®. However,
these oocytes are still in the growth phase and have not yet reached the fully-grown state®. As
such, they are still transcriptionally active, producing mRNAs that will be stored for later
developmental steps, and have not yet undergone all the differentiation process required to
confer the oocytes with the ability of spontaneously resuming and completing meiosis | once
isolated from the follicular compartment!®1!, Therefore, they cannot be directly submitted to
standard in vitro maturation (IVM) protocols, but they require an additional period of culture
that would allow them to complete the growth phase and properly differentiate.

The transition from the growing to the fully-grown state, which in cattle occurs when the follicle
develops from the early antral to the medium antral stage, is one of the critical steps during
oocyte development. In cattle, several studies attempted to recapitulate these events in
vitro®'21°, However, to date no reliable protocols have been developed and only limited
success has been reported. According to previous studies?’, these growing oocytes constitute a
homogeneous population. Besides being transcriptionally active, their chromatin is dispersed in
the germinal vesicle (GV), in a configuration that is named GV0%?L. Conversely, the population
of fully-grown oocytes obtained from medium antral follicles is more heterogeneous, a
condition that is mirrored by the various degrees of chromatin compaction (GV1, GV2 and GV3)
that can be observed?°. Among these, previous data have shown that GV2 and GV3 oocytes are
overall characterized by a better quality and higher embryonic developmental competence?®24,

Starting from the above observations, here we describe a 5-days long culture system of oocytes
(L-IVCO) that allows the differentiation of oocytes isolated as cumulus-oocyte complexes (COCs)
from early antral follicles. This culture strategy has evolved from 10 years long studies
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conducted in our lab and roots its ground on the previously developed 24-48 hours in vitro
oocyte culture (IVCO)?, prematuration systems?>?> and zinc supplementation during oocyte
culture . A combination of follicle stimulating hormone (FSH) and a phosphodiesterase-3 (PDE3)
inhibitor, able to enhance cumulus-oocyte communication?, prevent untimely meiotic
resumption?, and support oocyte growth? was used.

PROTOCOL:
The study is approved by the University of Milan’s animal use and care committee.

1. Media preparation

NOTE: All media must be prepared at least four hours before use. Sodium bicarbonate buffered
media are incubated at 38.5 °C and 5% CO; in air, maximum humidity. HEPES-buffered media
are maintained at 38.5 °C in thermostatic oven.

1.1. Long in vitro culture of oocytes (L-IVCO) medium

1.1.1. Prepare 15 mL of the basic culture medium (M199-B): Supplement M199 with 2 mM
glutamine supplement, 0.4% fatty acid free bovine serum albumin (BSA), 0.2 mM sodium
pyruvate, 25 mM sodium bicarbonate, 0.1 mM cysteamine, 21.3 pg/mL of phenol red, 75 pg/mL
of kanamycin and 4% Polyvinylpyrrolidone (PVP; 360 k molecular weight).

1.1.2. Prepare 3 mL of the holding medium (M199-H): To M199-B add 5 uM cilostamide and
pour it in a 35 mm Petri dish.

1.1.3. Prepare the L-IVCO medium (M199-L): Supplement M199-B with 0.15 pg/mL Zn
sulphate, 104 IU/mL FSH, 10 ng/mL estradiol, 50 ng/mL testosterone, 50 ng/mL progesterone
and 5 uM Cilostamide.

1.1.4. Place 200 pL of M199-L medium in each well of the 96 well coated plate. Fill the wells in
the four edges of the plate with sterile culture water to compensate for evaporation and to
maintain appropriate humidity during culture.

1.1.5. Incubate the 96 well plate and the M199-H medium in the incubator at 38.5 °C and 5%
CO; in air, maximum humidity.

1.2. Dissection medium

1.2.1. Prepare the dissection medium (M199-D): Supplement M199 with 0.4% BSA fraction V,
0.164 mM penicillin, 0.048 mM streptomycin, 1790 units/L heparin. M199-D can be prepared in
bulk, dispensed in 20 mL aliquots and stored at 4 °C for 6 months. When needed, warm and
supplement 1 aliquot.

1.2.2. Prepare 20 mL of M199-D supplemented with 5 uM cilostamide (M199-D cilostamide).
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2. Ovary collection and processing
NOTE: All procedures are conducted at room temperature (26 °C) unless otherwise indicated.
2.1.  Recover the ovaries at the abattoir from cows (4 to 8 years old).

2.2.  Place the ovaries in sterile saline (NaCl, 9 g/L) at 26 — 28 °C added with penicillin 100
U/mL and streptomycin 0.1 mg/mL.

2.3.  Transport the organs to the laboratory in warm sterile saline within 4 h.

2.4.  Wash the ovaries 4x in sterile saline maintained at 26 °C.

2.5.  Remove all mid-to-large antral follicles by aspirating all follicles more than 2 mm in
diameter using a 18 G needle connected to an aspiration pump with vacuum pressure set at -28

mmHg and place the aspirated ovaries in a beaker with sterile saline at 26 °C.

NOTE: Removal of the content of follicles > 2 mm is a critical step. Remove fully-grown oocytes
as much as possible that would ‘contaminate’ the experiment.

2.6. Under a horizontal laminar flow hood, place one ovary at the time on a sterile
polytetrafluoroethylene cutting board. Using a surgical blade #22 mounted on a scalpel handle,
cut slices of ovarian cortex (the outer portion of the ovary, which contains the follicles), 1.5 — 2

mm thick and parallel to the major axis of the organ.

2.7. Place the slices of ovarian cortex in a sterile glass Petri dish covered with dissecting
medium on a warm plate at 38.5 °C.

NOTE: From now on all the procedures are performed at 38.5 °C using a warm plate.
3. Selection and isolation of the follicles and retrieval of the COCs
3.1. Place one ovarian cortex slice in a 60 mm glass Petri dish with 2-3 mL of M199-D.

3.2. Using a dissection microscope, select the follicles between 0.5 — 2 mm using a
micrometer-equipped eyepiece.

3.3. Identify the healthy, non-atretic follicles under the stereomicroscope. Assess follicle
atresia by observing morphological parameters, such as very clear translucent appearance, with
a dark COC inside. Discard the atretic follicles and process all the others.

3.4. Using a surgical blade #22 mounted on a scalpel handle remove the ovarian tissue
surrounding the follicle on one side until the follicle is exposed on one edge.
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3.5. Using a 26G needle mounted on a syringe, carefully make a slit in the exposed follicle
wall. This action will release the follicular content, comprising the COC, follicular fluid and
clumps of cells.

3.6. Identify the COC under the microscope and examine for cumulus integrity, zona
pellucida integrity and homogeneity of the cytoplasm. If these criteria are fulfilled, aspirate the
COC using a P20 pipette.

3.7.  Place the isolated COC in M199-D cilostamide.

3.8. Continue the isolation procedure for 30 min.

4. Selection of COCs to be subjected to in vitro culture

4.1. Under the dissection microscope, select healthy COCs based on the criteria in step 3.6.

4.2. In a 60 mm Petri dish, prepare 16 drops of 20 pL of M199-D cilostamide and place one
healthy COC per drop (Figure 1A).

4.3. Using an inverted microscope attached to a camera measure the oocyte diameter,
excluding the zona pellucida, using the software provided with the camera.

4.4. With a clear visualization of the oocyte, make two perpendicular measurements
excluding the zona pellucida (Figure 1B).

4.5. Assure whether the mean of the two oocyte’s measurement, excluding the zona
pellucida, is within a range of 100 — 110 um. Discard COCs with not-rounded shaped oocyte or

with oocytes that are not measurable.

4.6. Transfer the selected COCs in a 35 mm dish containing M199-H medium and keep them
in the incubator at 38.5 °C and 5% CO: in air, maximum humidity until step 5.1.

4.7. Repeat steps 3 and 4 up to 4x. The overall working time must not exceed 2 h.
5. Long in vitro culture of the oocytes (L-1IVCO)

5.1. Transfer one COC per well in the center of a well of the 96 well plate to be prepared in
step 1.1.5.

5.2.  Incubate the plate for 5 days at 38.5 °C and 5% CO; in air, maximum humidity.

5.3. Every other day (day 2 and day 4) prepare fresh M199-L as described in step 1.
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5.4. Renew half of the medium by removing 100 pL of medium and replacing with 100 pL of
freshly prepared M199-L. Perform the medium renewal under the stereomicroscope and avoid
moving the COCs into the well.

6. COC classification after the culture

6.1. At the end of the L-IVCO, analyze the COCs’ morphology under the dissection
microscope.

6.2.  Classify as depicted in Figure 2.

6.2.1. Classify as Class 1 if COCs show a compact cumulus cell investment with no sign of
cumulus expansion and cell degeneration.

6.2.2. Classify as Class 2 if COCs show a compact cumulus cell investment with no sign of
cumulus expansion and cell degeneration and with antrum-like formation in the cumulus mass.

6.2.3. Classify as Class 3 if COCs show several layers of cumulus cell with no sign of cumulus
expansion and some disaggregated cells in the outer layer of cumulus cells and no antrum-like

formation.

6.2.4. Classify as Class 4 if COCs shows abundant loss of cumulus cells extending for more than
50% of the oocyte surface, and signs of cell degeneration and cell debris.

7. Evaluation of meiotic progression after culture
7.1.  Oocyte denudation
7.1.1. Place each COCin a single well of a four-well plate containing 400 uL of 199D per well.

7.1.2. Under a dissection microscope gently remove the cumulus cells mechanically by
repeated pipetting using a pipette set at 130-140 pL.

7.1.3. Once the oocytes are free from the cumulus investment, transfer them to another well
containing 199D.

7.1.4. Repeat the process until all the oocytes are completely denuded.
7.2.  Oocyte nuclear staining

NOTE: From now on all the procedures are performed at room temperature. Reagents are at
room temperature.

7.2.1. Fixthe oocytes in paraformaldehyde 4% in phosphate buffer saline (PBS) for 1 h.
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CAUTION: Wear personal protective equipment when handling paraformaldehyde and dispose
of contaminated materials in accordance with hazardous waste disposal guidelines.

7.2.2. Wash the oocytes 3x for 5 min each in PBS containing 1% polyvinylalcohol (PVA).
NOTE: The samples can be processed right away or stored at 4 °C for maximum one week.
7.2.3. Place the oocytes in PBS containing 0.1% Triton X for 10 min.

7.2.4. Wash the oocytes 3x for 5 min each in PBS containing 1% PVA.

7.2.5. Place the oocytes singularly in drops of 5 pL of antifade medium supplemented with
4’,6-diamidino-2-phenylindole (DAPI) dilactate (1 pg/mL) over a slide.

7.2.6. Place two strips of double-sided tape along the long sides of the slide, to avoid excessive
flattening of the oocytes when putting the cover slip on top.

7.2.7. Place the cover slip on top, make it adhere to the tape and keep in the dark while
processing all the samples.

7.2.8. Analyze the oocytes using a conventional epifluorescence microscope equipped with
DAPI filters (Excitation/Emission: 358/461) to assess the meiotic progression of the oocytes.

7.2.9. Classify the oocytes according to their meiotic progression: GV - oocytes with different
degrees of chromatin condensation within the GV; Ml — oocytes from GV breaking down to
metaphase |; and degenerate — oocytes that could be not identified as being at any of the
previous stages.

REPRESENTATIVE RESULTS:

At the end of the L-IVCO, the gross morphology of the COCs changed and 4 classes were
identified based on the appearance of the cumulus cells, as shown in Figure 2. Based on the
morphological criteria commonly adopted to select healthy COCs''?¢?7, the class 1, 2 and 3
were judged healthy, while the class 4, which showed clear signs of degeneration such as the
absence of complete layers of cumulus cells surrounding the oocytes, were considered severely
compromised and unsuitable to undergo downstream procedures in a prospective IVP setting.
Overall, 74 oocytes in 5 biological replicates were analyzed, of which 9.45% were in class 4 and
were discarded from further evaluation.

As shown in Figure 3 and Figure 4, assessment of the meiotic stage at the end of the L-IVCO
showed that a significantly higher percentage of the oocytes (78.57 + 4.43%) remained arrested
at the immature stage, with the chromatin still enclosed within the GV (therefore, also referred
to as GV stage), without degenerating. Among them 59.43% were in a GV2/3 configuration. A
small percentage resumed meiosis reaching the metaphase | stage (13.76 * 5.85%) or
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degenerate (7.67 * 4.61%). Overall, 67 oocytes in 5 biological replicates were analyzed.
Altogether these data indicate that the L-IVCO culture supports the oocyte viability while
preventing meiotic resumption for 5 days.

FIGURE AND TABLE LEGENDS:

Figure 1: Outline of the dish used for measuring the oocyte diameter and representative
image of a COC. (A) Schematic representation of a 60 mm Petri dish with 16 drops of 20 pL of
M199-D, each one containing a single COC. (B) Representative image of a COC with the axis
used for measuring the diameter. Note that the zona pellucida is not included. Scale bar 50 um.

Figure 2: Representative images of COCs at the time of collection and after L-IVCO. (A, B, C, D)
The upper row (Collection) represents COCs at the time of retrieval. (A’, B’, C’, D’) The same
COC is pictured 5 days later, at the end of L-IVCO and classified as reported in step 6.1. The
lower row (5 days) represents COCs classified as: Class 1, showing a compact cumulus cell
investment with no sign of expansion and cell degeneration (A’); Class 2, showing a compact
cumulus cell investment with no sign of expansion and cell degeneration and with antrum-like
formation (arrows) in the cumulus mass (B’); Class 3, showing several layers of cumulus cell
with no sign of cumulus expansion and some disaggregated cells in the outer layer of cumulus
cells (C'); class 4, showing abundant loss of cumulus cells on more than 50% of the oocyte
surface and signs of cell degeneration and cell debris (D’). Scale bar 40 pum.

Figure 3: Representative images of the meiotic progression. The upper row (DNA staining)
shows the DNA (blue) of representative oocytes at (A) the GVO stage and (B) GV2-like
configuration, (C) Ml stage and (D) degenerated oocytes, (A) at the time of collection and (B,
C, D) after 5 days of L-IVCO. The lower row is the corresponding image in bright field of the
oocyte in the upper row. The arrow indicates the GV. Scale bar 20 um.

Figure 4: Meiotic progression of the oocytes at the end of culture. The bar graph represents
the distribution of oocytes at GV and MI stage and degenerated oocytes at the end of the L-
IVCO. The oocytes previously classified in class 4 were excluded. Data were analyzed by 1-way
ANOVA followed by Tukey’s multiple comparison test and values are means * SEM (N=5;
P<0.05).

DISCUSSION:

Here we describe a culture system for growing oocytes that promotes oocyte development for
5 days by supporting their viability and preventing meiotic resumption. This latter aspect is of
the outmost importance to allow the continued growth and differentiation necessary to confer
the oocyte with meiotic and embryonic developmental competence??°, that would be
otherwise blocked by a premature resumption of the meiotic division.

When developing this culture system, we took into consideration several characteristics of the
physiological growth and differentiation that occurs in the follicle. In this section we provide an
overview of the main aspects that we considered when developing this strategy.
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First, growing oocytes in bovine early antral follicles take approximately 5 days to undergo the
transition from the growing to the fully grown state in vivo®'°. Therefore, the length of the
culture was increased to 5 days as opposed to previous attempts made in our lab where the
oocytes were cultured for up to 24 h?,

Another factor that we included in the L-IVCO was the increased viscosity of the medium in
which the COCs are cultured to mimic the physiological viscosity of the follicular fluid. This was
recreated by adding 4% PVP and, together with the use of basement membrane matrix medium
coated culture surface, it promoted the formation of a 3D like culture, as reported by previous
studies?3.

Cilostamide, a PDE3 inhibitor, was added to maintain oocytes meiotically arrested at the GV
stage, preventing precocious meiotic resumption by keeping high levels of cyclic nucleotides
within the oocytes®'%2>282% Qur results indicate that a 5-day-long treatment with cilostamide
does not have a gross impact on COCs health, as only a small fraction of complexes
degenerated, also in agreement with the results obtained by Alam et al.%°.

The inclusion of Zn sulfate, and its concentration, is substantiated by recent results showing
that this trace element has a role in supporting the differentiation and transcriptional activity of
bovine growing oocytes in culture3°.

Finally, a combination of hormones was introduced to closely mimic the physiological hormonal
milieu typical of the early antral follicle3!33. For instance estradiol has known activities in
supporting the oocyte growth!®'”1° gnd the connection among granulosa cells’, while also
promoting the acquisition of meiotic competence3*. Similarly, testosterone, besides being a
precursor of estradiol, also stimulates follicular growth and development3®, while progesterone
was mainly added for its antiapoptotic activity3®.

Importantly and in agreement with our previous study?, the concentration of FSH was kept at a
concentration that is physiological for the growing phase. Indeed, a low FSH concentration
promotes oocyte development by sustaining gap-junction mediated communication between
the oocyte and the companion cumulus cells and promotes transcriptional activity and oocyte
differentiation without inducing meiotic resumption?.

In our experience one of the keys for the success of the L-IVCO is the selection of a
homogeneous population of healthy COCs coming from early antral follicles. According to data
in the literature, 80% of the oocytes collected from early antral follicles are characterized by
chromatin organized in a configuration termed GV0?. This homogeneity represents an
advantage for in vitro culture, as in principle it ensures that the cells will behave similarly when
exposed to the culture environment. With this in mind, COCs collection must be performed
trying to minimize the ‘contamination’ with COCs coming from less or more advanced stages of
differentiation. However, due to the fact, that processing of the cortical slices is quite time
consuming and should be carried out in a relatively short time, the collection/selection step
probably represents the most critical passage of the L-IVCO. To achieve that, some key
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considerations should be beard in mind.

For instance, the researcher/technician needs to be trained to recognize and discard follicles
with signs of follicular atresia. At this stage, only morphological parameters can be used to
recognize atretic follicles, such as very clear translucent appearance, and the presence of a dark
COC inside. All the other follicles, in which atretic signs cannot be clearly distinguished, should
be opened and further selection based on the morphology of the isolated COCs should be
carried out to identify the healthy ones?3373%, This is achieved again by morphological
observations such as the presence of at least four layers of cumulus cells, grossly spherical
shape, intact oolemma and homogeneous and finely granulated ooplasm126:27,

COCs isolation and manipulation represents an additional technical challenge, which requires
skilled personnel and proper equipment for micro-dissection under the stereomicroscope and
accurate determination of oocyte diameter. This last step is essential to select a uniform
population of oocytes, thus excluding any possible source of contamination with COCs coming
from other follicular stages. For this reason, it is important to make sure that the oocytes
enclosed in the retrieved COCs have a diameter between 100 and 110 um?249,

Besides supporting oocyte viability and preventing meiotic resumption, the L-IVCO promoted
the transition of the chromatin configuration from GVO to the progressively more condensed
GV2 and GV3 in 59% of the oocytes. Notably chromatin condensation within GV is a marker of
‘gain’ of meiotic and developmental competence in basically all the mammalian oocytes studied
thus far?2. This result is very promising, especially when compared to our previous 24 hours
IVCO system. In that study, the highest degree of chromatin compaction within the GV were
not reached and 22% of oocytes were found with a GV1 configuration?, a stage associated with
full meiotic competence but still scarce developmental competence?’. Even in those conditions,
the otherwise incompetent growing oocytes were able to mature and produce embryos,
although in limited amount. The consistent increase in GV2/3 stages observed in the L-IVCO is
therefore compatible with a higher potential to produce viable embryos. We are in the process
of testing this hypothesis experimentally by submitting COCs derived from L-IVCO to the
following steps of IVP (in vitro maturation, fertilization, and embryo culture up to the blastocyst
stage). If confirmed, the L-IVCO will unleash some of the yet unexploited potential of the
ovarian reserve, with important implications on several areas of interest for female fertility
preservation. For instance, it will increase the source of fertilizable gametes to be used in
preservation programs of high genetic merit breeders. Another application that we foresee is
for the genetic salvage of threatened species of the bovid family as well as of local breeds that
are endangered or at risk of genetic erosion due to the widespread diffusion of cosmopolite
breeds. Last but not the least, L-IVCO represents a tool for all the scientists that are interested
in dissecting the cellular and molecular processes that regulate the formation of a competent
gamete.
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Table of Materials

Name of Material/ Equipment
4-well dishes

96-well dish

Bovine Serum Albumin (Fatty acid
free)
Bovine Serum Albumin (Fraction
V)

Cell culture water
Cilostamide
Cysteamine

Digital camera
Disodium phosphate
Estradiol

Glutamax Supplement

Gonal F
Heparin
Hepes
Vacuum pump
Incubator
Kanamycin sulfate
from Streptomyces
kanamyceticus

Medium 199

Medium 199

Microscope
Microscope
Monopotassium phosphate
Paraformaldehyde
Penicilin
Phenol Red
Polyvinyl alcohol
Polyvinylpyrrolidone
Potassium chloride
Progesterone
Sodium bicarbonate
Sodium choride
Sodium pyruvate
Streptomycin
Testosterone
Triton X

Click here to access/download;Table of Materials;Table of

materials.xlsx

L]

Company Catalog Number Comments/Description
Nunclon 179830
Becton Dickinson )
. 356649 BioCoat™ Collagen |
Biosciences
Sigma A8806
Sigma A3311
Sigma W3500
Sigma C7971
Sigma M9768
Nikon Corp Camera DS-5M
Sigma $5136
Sigma E2758
Thermo Eljsher 35050061
Scientific
Merck Serono
Sigma H3149
Sigma H3784
Cook-IVF
Sanyo
Sigma K1377
. Powder for hepes-
>igma M3769 buffered TCM199
Sigma M2520 Powder for M199-D
Nikon Corp Nikon Diaphot
Nikon Corp Eclipse E 600
Sigma P5655
Sigma 158127
Sigma P3032
Sigma P5530
Sigma P8137
Sigma P5288 360k molecular weight
Sigma P5405
Sigma P8783
Sigma S5761
Sigma P5886
Sigma P4562
Sigma $9137
Sigma 86500
Sigma 79284
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Vectashield with DAPI Vector Laboratories H1200

Water Sigma W3500
Zinc sulfate heptahydrate Sigma 20251
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We thank the Editor and the reviewers for their positive comments. Please find below a point by
point answer to the raised questions. Where appropriate the manuscript has been modified
accordingly. All the changes in the revised version of the manuscript are marked in red

Editorial comments:
Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in
the submitted revision may be present in the published version.

The manuscript has been revised as requested.

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special:
none, Line spacings: single. Please include a single line space between each step, substep and note
in the protocol section. Please use Calibri 12 points

Done as requested.

3. Please ensure that the long Abstract is within 150-300-word limit and clearly states the goal of
the protocol.
Done as requested.

4. Please include an ethics statement before your numbered protocol steps, indicating that the
protocol follows the animal care guidelines of your institution.

For the described procedures, bovine oocytes were retrieved from bovine ovaries collected at the
abattoir. No animal was raised nor killed purposely for collecting ovaries. On the contrary, the
ovaries used to collect oocytes employed in all the experiments, are the discarded by-products of
the food industry producing meat for human consumption. For this reason, we do not need to
refer to animal care guidelines.

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be
described in the imperative tense in complete sentences wherever possible. Avoid usage of
phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that
cannot be written in the imperative tense may be added as a “Note.”

The text has been modified accordingly.

6. The Protocol should contain only action items that direct the reader to do something.
The protocol has been modified accordingly.

7. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per
step.

Done as requested

8. Please ensure you answer the “how” question, i.e., how is the step performed?
Done as requested

9. For step 2.1 will live animal be available for filming?

I+


https://www.editorialmanager.com/jove/download.aspx?id=1215300&guid=d0d18610-8bb9-49bc-817f-dc9ce5a03435&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1215300&guid=d0d18610-8bb9-49bc-817f-dc9ce5a03435&scheme=1

No animals will be available for filming. All biological material is collected from slaughterhouse.
Biological samples are brought to the laboratory where they will be used for filming.

10. 2.5: How do you do this?

Action described in 2.5 are performed by holding the ovaries in one hand and the needle
connected to an aspiration pump with the other hand. Each visible follicle on the surface of the
ovary and larger that 2 mm is punctured, and the content is aspirated. The content of the follicle
(follicular fluid with oocytes) is collected in a tube connected to the system. This procedure just
aims at removing all the oocytes contained in large follicles, thus leaving the ovarian cortex with
small follicles, which are the ones that will be further processed to collect growing oocytes.

11. 3.3: What do you visually look for?

We look for signs of atresia such as very clear translucent appearance of the follicle itself, with a
dark cumulus oocyte complex (COC) inside. All these follicles are discarded, while all the other
follicles are processed. We observe these characteristics under a stereomicroscope. If necessary,
we can provide images of what we see under the microscope to be included in the video.

12. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content.
Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies
the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the
most cohesive story of the Protocol.

Done as requested, the parts highlighted in yellow are the ones to be included in the video. All
the other changes are shown in red in the revised version of the manuscript.

13. Please ensure the results are described in the context of the presented technique e.g., how do
these results show the technique, suggestions about how to analyze the outcome, etc. The
paragraph text should refer to all of the figures. Data from both successful and sub-optimal
experiments can be included.

Done as requested.

14. Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial
policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial
Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has
been modified from [citation].”

All the figures were newly generated by the authors, no copyright permissions are required.

15. As we are a methods journal, please ensure that the Discussion explicitly cover the following in
detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

Done as requested.

16. Please do not abbreviate the journal-title in the representative results.
Done as requested



Reviewers' comments:

Reviewer #1:

Manuscript Summary:

General comments

The culture of very early stage antral follicles is a very interesting research project in assisted
reproductive technologies. In last three decades, many scientists have been interested in this field
study. It has provided many significant study reports. For example, Sakaguch et al., (2019) recently
studied "Relationships between the antral follicle count, steroidogenesis, and secretion of follicle-
stimulating hormone and anti-Miillerian hormone during follicular growth in cattle. Their study
reported follicular growth dynamics and hormone concentrations in plasma, follicular fluid, and in
vitro growth (IVG) media at different stages of follicular growth. It is very good reference for
authors.

This manuscript described a culture system that reproduce the physiological conditions of the
corresponding follicular stage, defined to develop in vitro growing oocytes collected from bovine
small antral follicles to the fully-grown stage, corresponding to the medium antral follicle in vivo. A
combination of hormones and phosphodiesterase 3 inhibitor was used to prevent untimely
meiotic resumption and to guide oocyte's differentiation. They gave detail culture method for
early antral follicles, but relatively, their result seems simple. The early antral follicles have been
cultured for 5 days and just check the oocyte morphology and nuclear situation. Based on this
result, we can't know whether these culture oocytes may be further matured and fertilized with
sperm. Reviewer thinks that this manuscript is a report on early antral follicle culture method, but
paper title seems very confusion, it did not show why it is long oocyte in vitro culture strategy.
Also, it should not use a big name "assisted reproductive technology" in title. Reviewer suggest the
title may be changed as "In vitro culture strategy for early antral follicle in Cattle."

Generally speaking, this manuscript also has some significant points and it may be published in
JOVE after some revision.

We thank the reviewers for their careful analysis, valuable suggestions and overall positive
evaluation of our study. The title has been modified as suggested

Specific comments:

1. Authors showed one COC was placed in 20 ul medium in Line 178 but renew medium with 100ul.
Please confirm which is correct? Do you use 96-well plate? If you add 100ul in each well, you
should show in 5.1

5.1. Place one COC per well in the center of a well of the 96-well plate prepared in 1.1.5.

Line 178. In a 60 mm Petri dish, prepare 16 drops of 20 puL of M199-D cilostamide and place one
COC per drop (Fig 1).

Line 195. Renew half of the medium by removing 100 pL of medium and replacing with 100 pul of
freshly prepared M199-L.

Step 4 describes the selection of the COCs that will be further cultured. To this aim they are
placed in drops of 20 uL of media and observed under and inverted microscope, measured and
selected according to their size (between 100 and 110 um). These oocytes are then transferred in
a petri dish containing holding medium and kept in the incubator until all of them are processed.



At the end of the selection procedure the selected COCs are individually transferred into wells of
a 96 well plate containing 200 ul of culture medium, as described in point 5 of the protocol. Thus,
half of the medium is changed when indicated. We have slightly modified the text to make this
point clearer

Line 213. 7.1.1. Place each COCs in a single well of a four-well plate containing 400 puL of 199D
Here each COCs should be each COC, delete s.
Line 224. Changed as requested.

Please add this reference.

Relationships between the antral follicle count, steroidogenesis, and secretion of follicle-
stimulating hormone and anti-Miillerian hormone during follicular growth in cattle
* Kenichiro Sakaguchi,

* Yojiro Yanagawa,

* Koji Yoshioka,

* Tomoko Suda,

* Seiji Katagiri &

* Masashi Nagano

Reproductive Biology and Endocrinology volume 17, Article number: 88 (2019)
The suggested reference was added.

Major Concerns:
Title can not match manuscript content
The title was modified as suggested.

Minor Concerns:
minor revision



Reviewer #2:

Minor Concerns:

PROTOCOL:

Comments

Line 105: 1.1. L-IVCO medium

* What is the meaning of L-IVCO media, if this is abbreviation for specific type of media, could you
please write the complete name at the first mention.

Line 105. L-IVCO medium refers to the “long in vitro culture of oocytes” medium. We modified
the text to make it clearer.

Line 106: 1.1.1. Prepare 15 mL of basic culture medium: M199.....
* The abbreviation of the "basic culture medium: M199" should be (M199-B)
Line 107. Done as requested.

Line 119: 1.1.5. Incubate the 96-well plate and the M199-H medium in the incubator
* Please write the incubation temperature.
Line 120. Done as requested.

Line 134: Recover the ovaries at the abattoir from pubertal cows (4 to 8 years old).

* Option 1: | think that the word of pubertal cows should change to be adult cows. Cows that have
4 to 8 years old are in adult or mature stage not they are in the pubertal stage.

* Option 2: "pubertal" could be deleted and rephrase the sentence to be "Collect the ovaries from
the cows abattoirs (4 to 8 years old).

Line 137. We agree with the reviewer, the text has been changed accordingly.

Line 135: Place the ovaries in 26 - 28 °C sterile saline (NaCl, 9 g/L) added with penicillin 100 U/mL
136 and streptomycin 0.1 mg/mL.

* Could the sentence re-constructed to be "Place the ovaries in sterile saline ( NaCl, 9 g/L) at 26 -
28 °C added with penicillin 100 U/mL and streptomycin 0.1 mg/mL.".

Line 138. Changed as requested.

Line 157: M199D
* Please use the only one format to write this abbreviation this "M199D" or "M199-D"
Line 161. We apologize for the inconsistency; the text has been altered accordingly.

Line 162: .....a dark COC .....
* Please write the complete name at first mention "cumulus oocyte complex (COC) ".
Line 166. It was first shown in line 89.

Line 172: Place the isolated COC in M199-D cilostamide.
* Please use the only one format to write this abbreviation this "M199D" or "M199-D"
Line 176. We apologize for the inconsistency; the text has been altered accordingly.

Line 187: Keep the selected COCs in the M199-H medium in the incubator.
* Please write the incubation temperature.
Line 192. Done as requested.



Line 192: ........96-well plate prepared in 1.1.5.
* Please add step word after 1.1.5 to be prepared in 1.1.5 step.
Line 199. Done as requested

Line 193: Incubate the plate for 5 days.
* Please mention the incubation temperature.
Line 201. Done as requested
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