Journal of Visualized Experiments

Visualizing the node and notochordal plate in gastrulating mouse embryos using

scanning electron microscopy and whole mount immunofluorescence
--Manuscript Draft--

Article Type: Invited Methods Atrticle - JOVE Produced Video

Manuscript Number: JoVE58321R2

Full Title: Visualizing the node and notochordal plate in gastrulating mouse embryos using
scanning electron microscopy and whole mount immunofluorescence

Keywords: Mouse embryo, development, morphogenesis, gastrulation, node, notochordal plate,
cilia

Corresponding Author: Hisham Bazzi
GERMANY

Corresponding Author's Institution:

Corresponding Author E-Mail: hisham.bazzi@uk-koeln.de
Order of Authors: Hisham Bazzi
Cally Xiao

Frank Nitsche
Additional Information:
Question Response

Please indicate whether this article will be Open Access (US$4,200)
Standard Access or Open Access.

Please indicate the city, state/province, CECAD, University of Cologne, Joseph-Stelzmann-Str. 26, 50931 Cologne, Germany
and country where this article will be
filmed. Please do not use abbreviations.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to download Manuscript 58321_R2.doc =

1 TITLE:

2 Visualizing the Node and Notochordal plate In Gastrulating Mouse Embryos Using Scanning

3 Electron Microscopy and Whole Mount Immunofluorescence

4

5 AUTHORS & AFFILIATIONS:

6  Cally Xiao%?3, Frank Nitsche?, Hisham Bazzi®3

7  Graduate Program in Pharmacology and Experimental Therapeutics, University of Cologne,

8 Cologne, Germany

9 2Department of Dermatology and Venereology, University Hospital of Cologne, Cologne,
10 Germany
11  3Cologne Cluster of Excellence in Cellular Stress Responses in Aging-Associated Diseases
12 (CECAD), University of Cologne, Cologne, Germany
13  “Department of General Ecology, Institute for Zoology, Biocenter Cologne, University of
14  Cologne, Cologne, Germany
15
16  Corresponding Author:
17  Hisham Bazzi
18 Email Address: hisham.bazzi@uk-koeln.de
19 Tel: +49 221 478 84385
20
21 KEYWORDS:
22  Mouse embryo, development, morphogenesis, gastrulation, node, notochordal plate, cilia
23
24  SHORT ABSTRACT:
25 The node and notochordal plate are transient signaling organizers in developing mouse
26  embryos that can be visualized using several techniques. Here, we describe in detail how to
27 perform two of the techniques to study their structure and morphogenesis: 1) scanning
28  electron microscopy (SEM); and 2) whole mount immunofluorescence (WMIF).
29
30 LONG ABSTRACT:
31 The post-implantation mouse embryo undergoes major shape changes after the initiation of
32  gastrulation and morphogenesis. A hallmark of morphogenesis is the formation of the transient
33  organizers, the node and notochordal plate, from cells that have passed through the primitive
34  streak. The proper formation of these signaling centers is essential for the development of the
35 body plan and techniques to visualize them are of high interest to mouse developmental
36 biologists. The node and notochordal plate lie on the ventral surface of gastrulating mouse
37 embryos around embryonic day (E) 7.5 of development. The node is a cup-shaped structure
38 whose cells possess a single slender cilium each. The proper subcellular localization and
39 rotation of the cilia in the node pit determines left-right asymmetry. The notochordal plate cells
40  also possess single cilia albeit shorter than those of the node cells. The notochordal plate forms
41  the notochord which acts as an important signaling organizer for somitogenesis and neural
42  patterning. Because the cells of the node and notochordal plate are transiently present on the
43  surface and possess cilia, they can be visualized using scanning electron microscopy (SEM).
44  Among other techniques used to visualize these structures at the cellular level is whole mount
45  immunofluorescence (WMIF) using the antibodies against the proteins that are highly
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expressed in the node and notochordal plate. In this report, we describe our optimized
protocols to perform SEM and WMIF of the node and notochordal plate in developing mouse
embryos to help in the assessment of tissue shape and cellular organization in wild-type and
gastrulation mutant embryos.

INTRODUCTION:

Gastrulation and the accompanying morphogenetic movements are crucial for shaping the
mouse embryo?. The changes in cellular shape and organization during morphogenesis dictate
positional information to regulate cell fate and also allow the ensuing signaling pathways to
precisely perform their functions to diversify the newly formed germ layers'. The formation of
transient organizing structures and signaling centers such as the node and notochord is
essential for the execution of the developmental program?. Developmental biologists have used
a variety of techniques to study the morphogenesis of these structures, most notable of which
is the use of cellular reporters and live ex vivo imaging to follow the dynamics in cellular and
subcellular behavior?™. In this report, we focus on describing the details of our optimized
protocols for two of these techniques: scanning electron microscopy (SEM) and whole mount
immunofluorescence (WMIF), which were and are still instrumental in studying the
morphogenesis of the node and the notochordal plate, the precursor of the notochord.

The mouse embryonic node is a teardrop-shaped cup of cells that is located on the ventral
surface of the mouse embryo around the early to late head fold stages during gastrulation and
morphogenesis (embryonic day, E7.5-E8)>>~7. The notochordal plate morphologically emanates
anteriorly from the node3. Each cell in the node and notochordal plate is characterized by a
single cilium that protrudes to the outside, which is longer in node cells but whose length varies
with the developmental stage?. The rotation of cilia in the node pit has been shown to be
important for signaling that determines left-right asymmetry*. The notochordal plate is the
precursor of the notochord, the signaling center that is important for the patterning of the
adjacent somites and the overlying neural tube3.

Because of the attributes of location (surface), shape (cup) and possessing distinct outer cellular
structures (cilia), SEM has traditionally been used to visualize the node and notochordal plate
and study their formation and structure?’. SEM is also used to study the changes in the
structure of the node itself or the cilia on its cells in mutations that affect gastrulation,
morphogenesis, as well as cilia formation®°, SEM is a technique that utilizes a focused beam of
electrons to interrogate the topological ultrastructure of the outer surface of materials such as
biological specimens!!. The sample is usually fixed, dried and then sputter-coated with metals
for observation under a scanning electron microscope as we describe in Step 1.

WMIF is a staining technique to visualize gene products, such as proteins, in three-dimensions
(3D). WMIF of tissues, organs or even whole organisms provides spatial information about the
distribution of the signal and the shape of the resulting structure in 3D. The technique is based
on fixing the sample then staining it with fluorescent conjugates. Mouse embryos ~ E7.5 are
small and transparent and therefore ideal for WMIF protocols to visualize the node and
notochordal plate. For example, the transcription factor Barchyury (T) is expressed in the nuclei
of the node and notochordal plate, and to a lesser extent in the primitive streak, around E7.5-
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E8 of embryonic development and good working antibodies against T by WMIF are
commercially available and make the staining procedure possible. The cells of the node and
notochordal plate are also characterized by constricted apical surfaces, which face the outside
and thus can be stained with fluorescence-conjugated Phalloidin to mark F-Actin at the apical
constrictions. Using these reagents as examples, the combination of T and F-Actin staining by
WMIF provides a representation of the node and notochordal plate in 3D in gastrulating mouse
embryos as we demonstrate in Step 2 8 However, markers of cilia, such as ARL13B or
acetylated tubulin, as well as other markers of the node and notochordal plate, such as FOXA2,
can also be used to perform WMIF on developing mouse embryos*.

We have shown that striatin-interacting protein 1 (STRIP1) is essential for normal gastrulation
and morphogenesis in the mouse embryo® STRIP1 is a core component of the striatin-
interacting phosphatases and kinases complexes (STRIPAK), which we and others have
implicated in the actin cytoskeleton organization®'2. A major defect in Strip1 mutant embryos is
in the formation of the axial mesoderm (node and notochordal plate) and extension of the
antero-posterior body axis. We have used SEM and WMIF to analyze the node and notochordal
plate in wild-type (WT) and Strip1 mutant embryos as we show in the Representative Results
and corresponding figures.

PROTOCOLS:
All experiments involving animal experiments were approved by the responsible authorities in
North Rhein Westphalia (LANUV-NRW).

1. Scanning Electron Microscopy of the Mouse Embryonic Node

1.1.  Sacrifice the pregnant female mouse at ~ E7.5 (2-4 somite stage) by cervical dislocation.
A detailed explanation with diagrams of Steps 1.1 — 1.7 is available in mouse embryo laboratory
manuals!3.

1.2. Open the abdomen through the skin and mesenteries and remove the uterus using
scissors and fine forceps.

1.3.  Rinse the uterus briefly in distilled water and place it in a small clean Petri dish (6 cm)
containing 1x phosphate-buffered saline (PBS).

1.4. Under a dissecting microscope and using fine forceps, remove the uterine muscles to
free the individual deciduae or implantation sites.

1.5. Hold each decidua with one pair of forceps and use the other pair to make a longitudinal
full-thickness incision between the red part (future placenta) and white part (where the embryo
is located). Make superficial perforations vertically along the white part of the decidua
contiguous with the incision. Pull the decidua apart horizontally into two halves and carefully
scoop out the embryo in the white part of the decidua.

1.6.  Transfer the embryo to a new Petri dish (35 mm) with fresh sterile-filtered PBS. Repeat
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for all deciduae/embryos.

1.7. Remove Reichert's membrane, a relatively opaque membrane engulfing the embryo,
from each embryo by teasing it away like a sock starting at the ectoplacental cone (reddish
implantation site). For genotyping, take a little piece (~ 0.1 mm?) of the yolk sac at this stage.

1.8. Under a chemical hood and wearing appropriate protection (gloves), transfer the
embryos to EM grade fixative composed of 2.5% glutaraldehyde in sterile-filtered PBS in a
microcentrifuge (1.5 mL) tube at room temperature. Fix the embryos overnight at 4 °C.

1.9. Carefully remove the glutaraldehyde fixative from the tube without touching the
embryos and discard in a proper waste container. Wash the embryos three times in sterile-
filtered PBS, for 15 min each at room temperature.

1.10. Dehydrate the embryos in an ethanol series for 5 min each: 50%, 70%, 85%, and three
times in 100% or absolute ethanol. Store the embryos at -20 °C in ethanol or proceed directly
to the next step.

1.11. Transfer the embryos in ethanol to baskets for critical point drying (CPD) in a critical
point dryer machine. Fill the chamber with ethanol to cover the baskets completely.

1.12. Exchange the ethanol by carefully flushing with liquid CO; for ten times at 10 °C. Drain
off liquid CO; after the last step until the chamber is half full. Heat up to 40 °C until the pressure
reaches 80 bars (the critical point) and the liquid CO;, changes to gas. Wait for 10 min then
slowly blow off the gas over approximately 45 min.

1.13. As an easier alternative to CPD for drying, add hexamethyldisilazane (HMDS) at a ratio of
1:1 to the embryos in ethanol for 30 min. Then transfer the embryos to pure HMDS for 30 min.
Remove the embryos out of the liquid using a pipette and leave them to dry for 30 min.

Note: Both drying methods worked equally well in our hands.

1.14. Use a fine brush to mount the dried embryos with the ventral side (node) up on an SEM
stub with double sided tape.

1.15. Insert the stubs with the embryos into a sputter coating machine for gold particle
coating, which is preferred to charge the long thin cilia. Apply a layer of 120-150 A; the time is
dependent on the current, which will vary with each sample.

1.16. Place the coated stubs with embryos into an SEM microscope, apply vacuum and
observe the embryonic node and notochordal plate cells with cilia at magnifications ranging

from 1000X to 15,000X.

2.  Whole Mount Immunofluorescence of the Mouse Node and Notochordal Plate
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2.1.  Using ice-cold PBS with 0.05% Tween 20 (PBSTw), follow Steps 1.1-1.7 above to remove
the embryos at E7.75 and place them in PBSTw in a 35 mm Petri dish on ice.

2.2.  Under a chemical hood and wearing appropriate protection (gloves), transfer the
embryos to a fixative solution of 4% paraformaldehyde in PBS in a microcentrifuge tube. Fix the
embryos overnight at 4 °C.

2.3.  Carefully remove the paraformaldehyde fixative from the tube without touching the
embryos and discard in a proper waste container. Wash the embryos three times in PBS
containing 0.2% Triton X-100 (PBSTr) for 5 min each at room temperature. Perform all the wash
and next incubation steps on a nutating shaker.

2.4. Remove the last wash and add blocking solution containing PBSTr with 10% heat-
inactivated serum (from the host species of the secondary antibody). Block from 2 h to
overnight (or longer) on a nutator at 4 °C.

2.5. Remove the blocking and add ~ 1 mL of the primary antibody diluted in blocking
solution, for example an anti-T antibody at 1:500 dilution. Incubate overnight (or longer) on a
nutator at 4 °C.

2.6. Remove the primary antibody and save it for later use by adding sodium azide to a final
concentration of 0.02% (1 uL of 20% stock to 1 mL of antibody solution). The antibody can be
reused ~ 10 times. Rinse the embryos twice with PBSTr and then wash them three times for 30
min each on a nutator at 4 °C.

2.7. Replace the wash with a fluorescence-conjugated secondary antibody, against the
primary antibody host species, diluted at ~ 1:1000 overnight (or longer) on a nutator at 4 °C.

2.8. Remove the secondary antibody and rinse twice with PBSTr, then wash three times for
30 min with PBSTr.

2.9. Replace the last wash with PBSTr containing 1:500 fluorescence-conjugated phalloidin,
to stain F-Actin, and 1:1000 DAPI, to stain nuclei, for 1 h at room temperature.

2.10. Rinse twice in PBSTr and wash once with PBSTr for 30 min at room temperature.

2.11. Replace PBSTr with PBS and leave the embryos on ice. Prepare clean positively-charged
slides (60 x 24 mm) and coverslips (24 x 24 mm) and aqueous glycerol-based mounting media,
for example, 90% glycerol in 1xPBS and an antifade reagent, to mount the embryos.

2.12. Put two pieces of clear tape at a distance of ~ 15 mm from each other on the clear part
of the slide. This will create enough 3D space (in the Z dimension) that would allow flattening

the embryos but not completely squishing them.

2.13. Under a dissecting microscope, carefully move the embryos using a cut P200 pipette (to
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allow enough space for the embryo to be transferred and not damaged) to the slide.

2.14. Using fine forceps, make two full cuts on the lateral sides of the yolk sac to unfold the
embryo. Place the embryo with the ventral side (node and notochordal plate) up (dorsal of
neural tube down on the slide).

2.15. Add 50 plL of mounting media on the embryo. Place 4-5 embryos per slide. Add a dab of
mounting media to the side of the coverslip that will first touch the slide (top or bottom side),
then place it straddling the two pieces of tape and lower it slowly onto the embryos using fine
forceps or a bent fine needle while avoiding creating air bubbles.

2.16. Clean the excess mounting media by using an absorbent wipe. Be careful not to move
the coverslip in the process.

2.17. Using a generous amount of nail polish, seal the sides of the coverslip without moving it.
2.18. Observe under a scanning confocal microscope.

REPRESENTATIVE RESULTS:

In order to examine the formation of the node in WT and Strip1 mutant embryos at ~ E7.5, we
used SEM as described in Step 1 and shown in Figure 18. The ultrastructural details of the
outside topology using SEM were quite informative and it was immediately clear that unlike the
pit-shaped node in WT embryos, the mutant embryos had a flattened and irregular node.
Higher magnification of the embryos showed the characteristic cilia on node cells that identified
them unambiguously. The apparent lower density of cilia in the mutant might be attributable to
the loss of node pit structure and curvature or a lower number of node cells. The notochordal
plate which appears emanating from the node was also irregular in the mutant embryos. They
were identifiable with their shorter cilia. Therefore, SEM was important to reveal the node
morphogenesis defects in Strip1 mutants®. We have also used SEM in previous studies to show
the absence of cilia in the embryonic node of mutants that lacked centrioles, which provide the
template for cilia®.

To study the axial mesoderm formation defects in Strip1 mutant embryos at the cellular level,
we used WMIF as described in Step 2 and shown in Figure 2. Using this technique, the node and
notochordal plate were easily identified by F-Actin and T staining. WT node and notochordal
plate cells have constricted apical domains where F-Actin was enriched, and nuclear T staining
was evident. The notochordal plate extended rostrally in the WT but was short and irregular in
the mutant. The data showed that F-Actin organization is abnormal in the different germ layers
of the mutant embryos including the axial mesoderm?®. Thus, WMIF was instrumental to study
the defects in node and notochordal plate formation in Strip1 mutant embryos.

FIGURE AND TABLE LEGENDS:

Figure 1. Scanning electron microscopy reveals the defects in node morphogenesis in Stripl
mutant mouse embryos. (Top) SEM analyses of WT and Strip1 mutant ventral embryonic nodes
and notochordal plates (Noto)®. An example of a low magnification image of a WT embryo is
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shown on the left. (Bottom) Higher magnifications of the center of the nodes shown on top
revealing the long monocilia projecting from the node cells. Anterior is up in all panels. Scale
bars: 30 um.

Figure 2. Whole mount immunofluorescence shows the abnormal node and notochordal plate
at the cellular level in Strip1 mutant embryos. (Top) Ventral 3D rendering (Volocity software)
of WMIF on WT and Strip1 mutant embryos using a combination of fluorescence-conjugated
phalloidin (F-Actin, red) and T antibody (green) staining. (Bottom) More examples of the
staining shown above focusing on the node with higher zoom and including DAPI. Anterior is up
in all panels. Scale bars: 30 um.

DISCUSSION:

In this work, we demonstrate how to perform SEM and WMIF to visualize the mouse embryonic
node and notochordal plate. The small size of gastrulating mouse embryos ~ E7.5 and the
presence of these structures on the surface make them ideal to study using the techniques
described?”8, The availability of good antibodies, such as T and cilia markers, gives excellent 3D
information using WMIF on the structure, organization and formation of these essential
embryonic organizers?.

Because mouse embryonic development proceeds at a very rapid pace and the node and
notochordal plate are only transiently present on the surface of the embryo, timing is essential
for the success of these experiments?3. For example, 2-4 somite embryos are good for SEM
analysis of a mature node pit with long cilia. In much earlier or later embryos (for example, 12 h
before or after), the node might not be present on the surface. WMIF is a little more flexible in
this regard but the structures themselves are also transient during development and the timing
in this case depends on the researchers’ interests.

The purity of the reagents is also essential for the success of these techniques, especially in
probing the ultrastructure by SEM. Tiny impurities that stick to the embryos usually result in
huge artifacts.

We have tested two different methods of embryo fixation for SEM one using half Karnovsky’s
fixative (2.5% glutaraldehyde, 2% paraformaldehyde and 0.1 M cacodylate buffer) and a simpler
2.5% glutaraldehyde in 1x PBS. We prefer to use the glutaraldehyde and PBS fixative as
described in Step 1, however, we and others have also used the half Karnovsky’s fixative
successfully for SEM.

We have also compared two methods of drying the embryos for SEM and found no difference
in the quality of the sample by using either a critical point dryer or HMDS as described in Step 1
and reported elsewhere4,

For Step 2, we tested embedding the embryos after the final washing steps in 1% low melting
agarose mounted on a 35 mm glass-bottom dish and then topping it with ~ 10 yL of mounting
medium. This embedding method works and preserves the original 3D structure of the embryo
and associated structures; however, a multiphoton microscope is required to image the



316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360

specimen because a regular confocal microscope cannot reach as deep into the intact embryos
(~1 mm).

We believe that using these two techniques gives complementary information on the structure
of the node and the notochordal plate during normal development and in mutants which show
defects in the formation of these structures.
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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 MylJove 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
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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 Bazzi_point-by-

point_response_JoVE_12-6-2018.docx

Dear Dr. Wu,

We have revised our manuscript by incorporating the editorial suggestions. Below is a point-
by-point response to the comments.

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

We proofread the manuscript.
2. Step 1.2: What's the size, depth and location of the incision?

Indicated as opening the skin and mesenteries. It is post-mortem and not a surgery so the
size does not matter but should allow the uterus to be taken out.

3. 1.5: What's the size and depth of the incision?

Indicated as a full-thickness cut.

4. 1.7: What's the size of the piece?

Indicated at ~0.1 mm?.

5. 1.8: Eppendorf is commercial language. Please remove all commercial language from
your manuscript and use generic terms instead. All commercial products should be
sufficiently referenced in the Table of Materials and Reagents.

Changed to microcentrifuge (1.5 ml) tubes.

6. 1.11: Please split this step into two steps.

Step has been split into two steps.

7. 2.7: Please specify the antibody.

Indicated as an antibody against the primary antibody of the host species.

8. 2.11: What’s the composition of the mounting media?

Given as an example of 90% glycerol in 1XPBS and an antifade reagent.

9. 2.14: What’s the size of the incision?

Indicated as full cuts.
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