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In this article, we show the method of ovarian tissue culture. This ovarian tissue culture
enables to observe the dynamics in mouse ovary, follicle development, ovulation and
follicle atresia. Mammalian ovary contains numerous follicles and ovulates periodically.
However, it is not clear how mammalian ovary controls the follicle development to
sustain the periodic ovulation. To study the regulatory mechanism of follicle
development in mouse ovary, we developed the method of ovarian tissue culture and
observation of the dynamics in cultured ovary. We confirmed that cyclic follicle
development and ovulation are reproduced under culture condition by time-lapse
imaging. Under the culture condition, we can trace the process from primordial follicle
to ovulation, so this method is useful to clarify the mechanism of follicle development
and other phenomena in mouse ovary.

In the regulatory mechanism of follicle development, the activation of dormant
primordial follicle is one of important research subjects. To clear the mechanism of
activation of primordial follicles in the ovary, it needs to visualize the process of
primordial to primary follicle transition at real time. However, follicle stages are
classified by morphological character of granulosa cells, so it is difficult to observe the
activation of primordial follicle in real time. In this article we present a new method to
visualize primordial to primary follicle transition, using oog1pro3.9 transgenic mouse.
This method is useful for the research about activation of primordial follicle.

These methods must contribute the research about ovarian phenomena, so we submit
this article to Journal of Visualized Expeiments
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SHORT ABSTRACT:
Ovarian tissue cultures can be used as models of follicle development, ovulation, and follicle
atresia and indicate regulatory mechanisms of dynamic ovarian processes.

LONG ABSTRACT:

Mammalian females periodically ovulate an almost constant number of oocytes during each
estrus cycle. To sustain such regularity and periodicity, regulation occurs at the hypothalamic-
pituitary-gonadal axis level and on developing follicles in the ovary. Despite active studies, follicle
development mechanisms are not clear because of the several steps involved from the dormant
primordial follicle activation to ovulation, and because of the regulation complexity that differs
at each follicular stage. To investigate the mechanisms of follicle development, and the dynamics
of follicles throughout the estrus cycle, we developed a mouse ovarian tissue culture model that
can be used to observe follicle development using a microscope. Systematic follicle development,
periodical ovulation, and follicle atresia can all be reproduced in the cultured ovary model, and
the culture conditions can be experimentally modulated. Here, we demonstrate the usefulness
of this method in the study of the regulatory mechanisms of follicle development and other
ovarian phenomena.

INTRODUCTION:
Female mouse ovaries contain several thousand follicles!, and periodic ovulation matures
approximately ten oocytes at each estrus cycle. Follicles are classified into several developmental
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stages: primordial, primary, secondary, antral, and Graafian follicles, depending on the form of
the granulosa cellular layer surrounding each oocyte. Most primordial follicles are dormant, and
some of them are activated and grow into primary follicles at each estrus cycle?. After the
secondary follicular stage, follicle development is mainly regulated by gonadotropins, follicular
stimulating hormone (FSH), and luteinizing hormone (LH). However, primordial and primary
follicle development is independent of gonadotropin, and the regulatory mechanisms that govern
these stages remain poorly inderstood®>. In addition to growth factors and hormones, the
primordial and primary follicle is regulated by the interactions among follicles®’. Therefore, we
performed analyses of follicle dynamics in mouse ovary tissues, and investigated the associated
regulatory mechanisms using ovarian tissue cultures®10,

Herein, we introduce two ovarian tissue culture model methods. The first is used to analyze
follicle development by measurement of follicular areas, and the second is used to study the
regulatory mechanism during early follicle development from primordial to secondary follicle
stage with transgenic mice. For follicle development analysis, we mainly used ovaries of 4-week
old female mice because they allow for easy visualization of follicles. To induce periodical
ovulation and model in vivo follicle development, we reproduced LH surge and observed
ovulation, follicle atresia, and secretion of estradiol under tissue culture conditions. Images of the
cultured ovaries were captured, and the follicle development processes were analyzed by tracing
changes in the follicular area. However, in bright field microscopy analyses, the distinction
between primordial and early primary follicles was unclear. Thus, we developed a method to
detect small follicles, and distinguish between the primordial, primary, and secondary follicle in
cultured ovarian tissues using Oogenesinl (Oog1) pro3.9 and R26-H2B-mCherry transgenic mice
ovaries at days 0 and 4 after birth!'. Oogl expression is detectable in oocytes after entry into
meiosis, and gradually increases with follicle development, allowing observation of the transition
from primordial to primary follicles using time-lapse images of cultured ovary tissue!!?, Although
morphological methods have been used to study factors that activate dormant primordial
follicles'31¢, physiological follicle development in ovaries is difficult to observe, and the effects of
various factors remain uncharacterized. The present culture methods were designed to address
this paucity in real time analyses of target factors.

In the present study, we tracked follicular development using a time-lapse imaging method and
characterized the process of follicle development. Our novel methods offer an unprecedented
tool for investigating the physiology of ovaries.

PROTOCOL:

Mice were housed in an environmentally controlled room at 23 +1 °C with a 12-h light/12-h dark
cycle. Animal care protocols and experiments were conducted in accordance with the Guidelines
for Animal Experimentation at Aichi Medical University and were approved by the incumbent
Animal Care and Use Committee.

1. Preparation of Culture Medium and Dishes
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1.1. To prepare basic culture medium, add fetal bovine serum (FBS, 5% v/v), FSH (100 mIU/mL),
LH (10 mU/mL), and penicillin-streptomycin (penicillin, 100 U/mL; streptomycin, 100 mg/mL) to
minimum essential medium alpha (MEM-alpha) and mix in 50 mL tubes.

Note: Total volumes of required culture media vary between experiments, but 1 mL of culture
medium is generally sufficient for 3.5-cm glass-bottom culture dishes.

1.2. Pour 1-mL aliquots of mixed culture medium into 3.5-cm glass-bottom culture dishes and set
place 30-mm cell culture inserts into dishes. Pre-warm media and dishes in an incubator (5% CO>
and 37 °C).

2. Preparation of Ovarian Tissue

2.1. Pre-warm phosphate buffered saline (PBS) (-) and MEM-alpha containing 5% FBS, 100 U/mL
penicillin, and 100 mg/mL streptomycin in an incubator (5% CO; and 37 °C).

Note: About 3-mL aliquots of PBS (=) per ovary are sufficient for use during ovary dissections, and
1-mL aliquots of MEM-alpha are sufficient for transient storage of single ovaries in 3.5-cm dishes.

2.2 Excise ovaries from 4-week-old female ICR (named after Institute of Cancer Research) mice
and trim the tissues surrounding the ovary using scissors and tweezers under a stereoscopic
microscope. Reserve the removed ovaries in culture medium (see step 2.1) until use.

2.2.1. Place single ovaries onto filter paper moistened with pre-warmed PBS (-) (see step 2.1) and
slice into 4 pieces using a microtome blade under a stereoscopic microscope.

Note: Ovaries of 4-week-old ICR mice are about 2 mm in diameter. The number of pieces depends
on the ovary size; however, about 500 um-thick pieces allow for proper follicle observations (in
pieces thicker than 500 mm, tissue transparency is decreased; in pieces thinner than 500 mm,

many antral follicles are broken and lost).

2.2.2. After dissection, place the sliced ovary specimens into pre-warmed culture medium in 3.5-
cm dishes (see step 2.1).

3. Ovarian Tissue Culture

3.1. Drop approximately 0.5 pL of culture medium per sliced ovarian tissue on the cell culture
insert where the ovarian tissue will be set using a micropipette.

3.2 Place each sliced specimen into a drop of culture medium on the cell culture inserts using
tweezers.

3.3 Culture the ovary tissues in 5% CO; at 37 °C.
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3.4. Replace the culture medium with fresh pre-warmed medium every 2 days.

Note: The schedule for medium changes for the culture of ovary sections from 4-week-old ICR
mice is presented in Figure 1.

3.4.3.1. To reproduce the LH surge, treat cultured 4-week-old ICR mice ovaries with the medium
containing 100 mU/mL FSH and LH for 12 h every 4 days (Figure 1).

4. Microscope Images of Cultured Ovaries
4.1 Start imaging the cultured ovaries after day 1 when the tissues have adhered onto the cell
culture inserts, and perform confocal or inverted microscope analyses at 24-h intervals to allow

sufficient follicle growth between time points.

Note: Confocal microscopy is superior to inverted microscopy for observing follicles in whole
cultured ovaries.

5. Time-lapse Imaging of Cultured Ovaries

5.1. Optimize the time-lapse imaging conditions, including laser intensities and exposure times,
for the imaging system (Table 1).

5.1.1 Select paired ovary specimens from single mice for use as treatment and control groups.
Vary laser intensities and exposure time to achieve the best images (Table 1).

5.1.2. Compare follicle growth under each culture condition by measuring follicle areas in images
of control samples at 24-h intervals and in time-lapse imaging samples (see step 6). Concurrently,
count the number of ovulated oocytes in each ovary set and choose the optimal time-lapse
imaging conditions.

5.2. Capture images at 30-min intervals using the time-lapse imaging system under the
determined conditions (Table 1).

6. Follicle Growth Analysis

6.1. To analyze the follicle development, measure the follicle areas in the captured images using
Image) software (http://rsbweb.nih.gov/ij/).

6.1.1 Initially, set the scale of the image by clicking Set Scale under Analyze in the tool bar. Enter
the side lengths of the captured image and the corresponding numbers of pixels in the blank fields

of Known distance and Distance in pixels, respectively.

6.1.2. Click Free hand in the tool bar and outline the follicles in the captured bright field images.
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6.1.3. Click Measure under Analyze in the tool bar.

Note: If other measurement data are desired, click Set measurement under Analyze in the tool
bar, and check the appropriate boxes in the list.

7. Analysis of Follicle Development Using Transgenic Mice

7.1 Collect ovaries from postnatal days 0 and 4 (PO and P4) female transgenic mice containing the
transgenes Ooglpro3.9 and R26-H2B-mCherr, and culture on inserts as described in steps 1.1-
3.2, except do not slice the PO and P4 ovaries.

7.2 Replace the culture medium with fresh, pre-warmed medium in 3.5-cm dishes in an incubator
containing 5% CO; at 37 °C every 2 days.

Note: The concentration of LH in the culture medium of PO and P4 ovaries can remain constant
because LH surges do not occur in PO and P4 mice.

7.3 Set the microscope to visualize only AcGFP1-positive primary follicles in cultured P4 ovaries
(Table 1).

Note: Only primordial and primary follicles are present in P4 female mouse ovaries.

7.4 Capture images of cultured PO Ooglpro3.9/R26-H2B-mCherry transgenic mice ovaries at 30-
min intervals using the settings used for P4 ovaries (see step 5.2).

7.5 Trace and analyze follicle development using AcGFP1 and H2B-mCHerry signals.

REPRESENTATIVE RESULTS:

Figure 1 shows the protocol for changes in media during ovarian tissue culture. Following this
program, 4-week-old ICR mice ovaries were cultured and imaged at 24-h intervals using confocal
microscopy (Figure 2). During culture of ovary tissues for 3 weeks, most antral and secondary
follicles were degenerated by follicle atresia and some were ovulated (Figure 2D and Table 2). In
analysis of follicle areas using Imagel (Figure 3), some follicles developed in groups during each
LH surge cycle (Figure 3B and Supplementary Movie 1). Moreover, ovulation occurred almost
simultaneously in separate cultured ovaries from right and left ovaries of single mice. Whereas,
the timing of ovulation and numbers of ovulated oocytes (Table 2) differed between mouse
ovaries (data not shown), ovulation from cultured ovaries predominantly occurred within 48 h of
LH surges (Figure 3, and Supplementary Movie 1). However, not all ovulated oocytes released
first polar bodies after ovulation (Figure 2E and Table 2), and although ovulated oocytes could be
fertilized, development ceased at the 4-cell stage (data not shown). To elucidate mechanisms by
which dormant primordial follicles are activated in mouse ovaries, we detected primordial follicle
activation in cultured tissues from transgenic mice carrying Ooglpro3.9 and R26-H2B-mCherry
transgenes (Figure 4, Figure 5, and Supplementary Movie 2). Oocytes express very low levels of
the Oogl gene from the primordial follicle stage, and time-lapse imaging distinguished low
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AcGFP1-expressing primordial follicles from the high AcGFP1-expressing primary follicles.
Primordial and primary follicles are present simultaneously in P4 mouse ovaries, whereas only
primordial follicles are present in PO ovaries (Figure 4A, B). Thus, we optimized time-lapse imaging
conditions to detect only primary follicles in cultured P4 ovaries (Figure 4C). Subsequently, we
captured images of cultured PO ovaries for 10 days in the same conditions (Figure 4D-G). AcGFP1
can be used as an index of primary follicles in these transgenic mice and AcGFP1-positive primary
follicles were detectable in cultured PO ovaries after 30—40-h culture (Figure 4, Figure 5A—F, and
Supplementary Movie 2). Primordial and primary follicles in cultured ovaries were also
distinguished by mCherry-positive nuclei of granulosa cells (Figure 5B, E). Specifically, mCherry
signals indicate forms of follicles and allow observation of follicle stages in cultured ovaries (Figure
5B, E, and H). Therefore, this culture system using ovaries from Ooglpro3.9/R26-H2B-mCherry
mice revealed the process of early follicle development from primordial to secondary follicle
stages. These methods will facilitate studies of the regulatory mechanisms of gonadotropin-
independent follicle development.

FIGURES AND TABLE LEGENDS:

Figure 1: Time course of medium changes. Medium A contains 5% FBS, 100-mU FSH, 10-mU LH,
100-U/mL penicillin, and 100-mg/mL streptomycin in MEM-alpha. Medium B contains 5% FBS,
100-mU FSH, 100-mU LH, 100-U/mL penicillin, and 100-mg/mL streptomycin in MEM-alpha.
Medium B was used to produce LH surges every 4.

Figure 2: Images of cultured ovarian tissues. Images were captured at 24-h intervals using
confocal microscopy. (A) Culture day 1; (B) Culture day 5; (C) Culture day 10; (D) Culture day 13;
(E) Magnified image of the region indicated by the square in (D); oocytes in D were ovulated from
the follicles indicated by arrows in B, C, and D. (F) Oocyte releasing a polar body after ovulation;
scale bar, 200 um.

Figure 3: Measurements of follicle areas in cultured ovaries. (A) Image of cultured ovary; dotted
lines represent the area measured by Imagel. (B) Follicular areas in cultured ovary after 3 weeks;
gray lines represent the culture period from the addition of 100-mM LH (LH surge). Lines show
the development stages in each follicle in the cultured ovary; scale bar: 200 um.

Figure 4: Hematoxylin and Eosin (H&E) staining images of PO and P4 ovaries and time-lapse
imaging. (A) H&E staining of PO ovary; (B) H&E staining of P4 ovary; (C) Image of a P4 ovary from
an Ooglpro3.6 transgenic mouse after 10-h culture. The arrow shows an AcGFP1-positive primary
follicle. (D—G) Images of PO ovaries from transgenic mice expressing Ooglpro3.9 and R26-H2B-
mCherry; green and red signals in D and F represent AcGFP1 and mCherry, respectively. White
signals in E and G represent AcGFP1 in D and F, respectively. D and E are images of cultured ovaries
after 0.5-h culture. F and G show ovaries after 180-h culture; scale bar: 100 um.

Figure 5: Images of primordial, primary, and secondary follicles in cultured ovaries from
00g1pro3.9/R26-H2B-mCherry mice. (A—C) Images of primordial follicles in cultured PO ovaries;
(D-F) Images of primary follicles in PO cultured ovary; (G—H) Images of secondary follicles in
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cultured 4-week-old mouse ovaries. A, D, and G are merged images of Band C, Eand F, and H and
|, respectively. Green, AcGFP1; red, mCherry; scale bar: 100 um.

Table 1. Time-lapse imaging conditions. Time-lapse imaging condition for confocal and bright
field microscopes.

Table 2. Numbers of ovulated oocytes in cultured ovaries. Numbers of ovulated oocytes from
twelve cultured ovaries; MIl indicates the numbers of ovulated oocytes that released first polar
bodies after ovulation.

Supplementary Movie 1: Time-lapse movie of a cultured ovary. Ovaries were collected from 4-
week-old mice and were sliced and cultured for 3 weeks. The movie spans a culture period of 0—
200 h at 10 frames/s.

Supplementary Movie 2: Time-lapse movie of a cultured PO ovary from a transgenic mouse.
Green, AcGFP1; red, mCherry. The movie spans a culture period of 0—-180 h at 10 frames/s.

Supplementary Movie 3: Time-lapse movie of a cultured ovary from a 4-week-old mouse.
Green, AcGFP1; red; mCherry; the movie spans a culture period of 9-13 culture days at 10
frames/s. The arrows in the first image indicate follicles in which atresia occurred during culture.

DISCUSSION:

In this study, we developed two new methods for studying follicle development in mouse ovaries.
The first method involves culture of sliced ovarian adult mice tissues followed by analyses of
follicle development, and the second involves the use of time-lapse imaging to visualize early
follicle development during the gonadotropin-independent stage. Previously, we used the
present ovary tissue culture method to assess the effect of leukemia inhibitory factor and
progesterone on follicle development®?, and showed that their effects vary with concentration
and follicle stage. In the present study, sliced ovarian tissues exhibited follicle dynamics,
warranting further analyses of ovarian follicle development mechanism using this model.

Ovaries from mice of more than 5 weeks of age contain corpus lutea that hinders microscopic
observations. Hence, 4-week-old mouse ovaries are preferred for observations of follicle
development and ovulation, and subsequent late primary, secondary, and antral follicles are more
easily distinguished using bright field microscopy. Our methods offer comparisons of the effects
of growth factors and drugs in culture media, with discernable changes in follicle development
between differentially treated ovaries (Figure 3).

Transgenic mice expressing Cre or fluorescein proteins in oocytes have been described in previous
studies'®2°, However, follicular stage classification depends on histological characteristics
including granulosa cell shapes, numbers of granulosa cell layers, and whether theca cells are
formed. Thus, distinctions between primordial and primary follicles may be limited from
observations of oocytes alone. Herein, we used transgenic mice containing the Ooglpro3.9 and
R26-H2B-mCherry transgenes''’ and visualize early follicle development from primordial to
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secondary follicle stages in cultured ovaries. Oogl expression becomes detectable in oocytes
during the primordial follicle stage, and is markedly increased in primary follicles. Hence, the
AcGFP1 signal intensities in oocytes are associated with follicle stage (Figure 5) and were used to
observe primordial-primary follicle transitions (Figure 4, Supplementary Movie 2). Cell nuclei are
stained red in R26-H2B-mCherry transgenic mice (Figure 4, Supplementary Movie 2, and
Supplementary Movie 3), allowing observations of follicle stages according to numbers of
granulosa cells (Figure 5). Thus, collectively the present methods allow analyses of follicle
development from primordial through to ovulation using Ooglpro3.9/R26-H2B-mCherry
transgenic mice. Furthermore, because apoptotic cell chromatin is condensed, mCherry signals
of atretic follicles are stronger than those of normal follicles (Supplementary Movie 3).

Among methodological subtleties, correct thicknesses of sliced tissues are required for successful
culturing, with increased cell death in ovary slices that are too thick, and losses of large antral
follicles in ovary slices that are too thin. The follicle growth speed is slow; hence, it is easy to trace
and analyze the process of each follicle via 24-h interval observation. The present confocal
microscope setting, including laser intensity, interval time, and digital gain, are dependent on the
microscope mode, but are critical to consider when obtaining time-lapse images. In particular,
strong laser intensities and long exposure times are required to capture clear images, but can
affect cultured cells. Hence, moderation of these settings to avoid phototoxicity is critical. Sliced
ovarian tissues of 4-week-old mice can be cultured for approximately 4 weeks, whereas
primordial and primary follicles remain present subsequently, they no longer grow. In contrast,
PO and P4 ovaries can be cultured for approximately 10 days, during which primordial and primary
follicles develop into primary or secondary follicles, respectively. However, follicles in cultured PO
and P4 ovaries do not develop into antral follicles. Therefore, the excision of ovaries is required
at various stages for studies of the regulatory mechanisms associated with whole ovary follicle
development.
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Table 1 Click here to download Table Table 1.xlsx %

microscope objective lens laser exposure (ms) Gain time-interval z-stack others Figures and Movies
CV1000 X10 488 nm: 30, 561 nm: 20 488 nm: 700, 561nm: 600 488 nm: 90, 561nm: 20 30 min 5 um Figure 4C-G, Movie 1 and 2
BZ-X700 X20 (with collection collar) 40% auto X4 30 min 10 um binning 3x3 Movie 3
LSM710 X10 488 nm: 6%, 564 nm: 5% camera speed: 4 488 nm: 850, 564 nm: 850 24 h 10 um digital gain, 488 nm: 2, 564 nm:]| Figure 2, 3 and 5
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Table 2

ovary no. | number of total ovulated oocytes number of MIl oocytes
1 7 2
2 19 9
3 14 6
4 7 3
5 12 4
6 15 6
7 25 11
8 13 3
9 11 7
10 19 8
11 18 4
12 7 1

Click here to download Table Table 2.xlsx
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Materials Table

Click here to download Materials Table JoVE_Materials.xls

Name of Material/ Equipment Company SS:“[)O; Comments/Description
Follicle stimulating hormone from human pituitary SIGMA F4021
Lutenizing hormone from equine pituitary SIGMA L9773
Penicillin-streptomycin solution Wako Pure Chemical Industries 168-23191
MEM a, GlutaMax, no nucleotides Thermo Fisher 32561037
Glass bottom dish MatTek P35G-0-10-C 35mm dish, No. 0 coverslip, 10mm glass diameter
Millicell cell culture insert Merck Millipore PICMORG50 Diameter: 315 mm, pore size: 0.4 mm, material: hydrophilic PTTE
3.5cm cell culture dishes greiner bio-one 627160
50ml / centrifuge tube with triple seal cap IWAKI 2345-050
Low-profile disposable blades 819 Leica 14035838925
LSM 710 Carl Zeiss Confocal microscope
CellVoyager, CV1000 Yokogawa Electric Corporation Time-lapse imaging
BZ-X700 KEYENCE Time-lapse imaging
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Ovarian tissue culture to visualize phenomena in mouse ovary

Kouji Komatsu, Akira lwase, Tomoh@ko Murase, Satoru M‘a’su“bggh’i -

Author(s):

ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: \/ Standard Access

Item 2 (check one box):

Open Access

The Author is NOT a United States government employee.

___ The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

__ The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JOVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Letter

Click here to download Rebuttal Letter Editorial
comments.docx

Dear Dr. Bing Wu,

Thank you very much for the second reviews and the comments to our manuscript
entitled “Ovarian Tissue Culture to Visualize Phenomena in mouse ovary” (JOVE57794). In the
attached document, we described the changes made in response to the reviewer’s comments.

Editorial comments:

The manuscript has been modified and the updated manuscript, 57794 R1.docx, is attached and
located in your Editorial Manager account. Please use the updated version to make your revisions.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no

spelling or grammar issues.

We revised the manuscript after we got English proofreading again.

2. Please do not highlight notes for filming.

We deleted “Note” from highlighting for filming.

3. Please highlight more protocol steps for filming (less than 2.75 pages).

We added protocol steps, step 4-7, to highlight for filming.

4, Step 2.2: How to excise the ovaries? Using what? How to trim the tissues?

We revised this part.
“Excise the ovaries from 4-week-old female ICR mice and trim the tissues surrounding
the ovary using a scissors and a tweezers under a stereoscopic microscope.” (line 113-
114)

5. 2.2.1: What'’s the size of the blade?
We added the information of the blade’s size in Table of Materials.

6. 3.2: How many ovary samples are placed in the 1 mL medium?

We revised the sentence to clear the number of samples in a drop.
“3.2 Place single sliced specimens into one drop of culture medium on cell culture

inserts using tweezers (see step 3.1)

In addition to this point, we revised the volume of a drop, from “I mL” to “0.5 uL” (line 130)

I+
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7.5.1: Please specify the imaging conditions.

We showed the conditions of time-lapse imaging in Table 1, so we added the word, “Table 1” (line
159). Furthermore, we modified Table 1 to clear the condition under which each figure and movie was

captured.

8. 5.1.1: What laser intensities and exposure time are used?

We showed the conditions of time-lapse imaging in Table 1, so we added the word, “Table 1” (line
163). Furthermore, we modified Table 1 to clear the condition under which each figure and movie was

captured.

9.5.1.2: How to compare?

We revised this part.
“5.1.2. Compare follicle growth under each differing culture conditions by measuring
follicle areas in images of control samples at 24-h intervals and in time-lapse imaging
samples. (See step 6).”

10. 5.2: How to capture the images?

We revised this part
“5.2. Capture images at 30-min intervals using the time-lapse imaging system under the
determined condition (Table 1).”

11. 7.3: Please specify the settings.

We added the information of setting condition of each figure and movie in Table 1.

Sincerely,

Kouji Komatsu, Ph.D.

Department of Physiology, Aichi Medical University, 1-1 Yazakokarimata, Nagakute,
Aichi 480-1195, Japan

TEL: +81-561-62-3311 FAX: +81-561-63-1289

E-mail: komatsu.kouji.121@mail.aichi-med-u.ac.jp



