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SUMMARY:

The ex vivo culture of bone explants can be a valuable tool for the study of bone physiology and
the potential evaluation of drugs in bone remodeling and bone diseases. The presented protocol
describes the preparation and culture of calvarias isolated from newborn mice skulls, as well as
its applications.

ABSTRACT:

Bone is a connective tissue constituted of osteoblasts, osteocytes, and osteoclasts and a
mineralized extracellular matrix, which gives it its strength and flexibility and allows it to fulfill
its functions. Bone is continuously exposed to a variety of stimuli, which in pathological
conditions can deregulate bone remodeling. To study bone biology and diseases and evaluate
potential therapeutic agents, it has been necessary to develop in vitro and in vivo models.

This manuscript describes the dissection process and culture conditions of calvarias isolated
from neonatal mice to study bone formation and the bone tumor microenvironment. In contrast
to in vitro and in vivo models, this ex vivo model allows preservation of the three-dimensional
environment of the tissue as well as the cellular diversity of the bone while culturing under
defined conditions to simulate the desired microenvironment. Therefore, it is possible to
investigate bone remodeling and its mechanisms, as well as the interactions with other cell
types, such as the interactions between cancer cells and bone.

The assays reported here use calvarias from 5-7 day old BALB/C mice. The hemi-calvarias
obtained are cultured in the presence of insulin, breast cancer cells (MDA-MB-231), or
conditioned medium from breast cancer cell cultures. After analysis, it was established that
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insulin induced new bone formation, while cancer cells and their conditioned medium induced
bone resorption. The calvarial model has been successfully used in basic and applied research
to study bone development and cancer-induced bone diseases. Overall, it is an excellent option
for an easy, informative, and low-cost assay.

INTRODUCTION:

Bone is a dynamic connective tissue that has several functions, including supporting the
muscles, protecting the internal organs and bone marrow, and storing and releasing calcium
and growth factors'2. To maintain its integrity and proper function, bone tissue is continuously
under the process of remodeling. In general terms, a cycle of bone remodeling can be divided
into bone resorption and bone formation!. An imbalance between these two phases of bone
remodeling can lead to the development of bone pathologies. Also, diseases such as breast
cancer often affect bone integrity; approximately more than 70% of patients in advanced stages
have or will have bone metastases. When breast cancer cells enter the bones, they affect bone
metabolism, resulting in excessive resorption (osteoclastic lesions) and/or formation
(osteoblastic lesions)3.

To understand the biology of bone diseases and develop new treatments, it is necessary to
understand the mechanisms involved in bone remodeling. In cancer research, it is essential to
investigate the bone metastasis process and its relation to the metastatic microenvironment. In
1889, Stephen Paget hypothesized that metastases occur when there is compatibility between
the tumor cells and the target tissue, and suggested that the metastatic site depends on the
affinity of the tumor for the microenvironment?. In 1997, Mundy and Guise introduced the
concept of the "vicious cycle of bone metastases" to explain how tumor cells modify the bone
microenvironment to achieve their survival and growth, and how the bone microenvironment
promotes their growth by providing calcium and growth factors>®’.

To characterize the mechanisms involved in bone remodeling and bone metastasis and to
evaluate molecules with possible therapeutic potential, it has been necessary to develop in vitro
and in vivo models. However, these models currently present many limitations, such as the
simplified representation of the bone microenvironment, and their cost®°. The culture of bone
explants ex vivo has the advantage of maintaining the three-dimensional organization as well
as the diversity of bone cells. In addition, experimental conditions can be controlled. The explant
models include the culture of metatarsal bones, femoral heads, calvarias, and mandibular or
trabecular cores'. The advantages of the ex vivo models have been demonstrated in diverse
studies. In 2009, Nordstrand and collaborators reported the establishment of a coculture model
based on the interactions between bone and prostate cancer cells*. Also, in 2012, Curtin and
collaborators reported the development of a three-dimensional model using ex vivo
cocultures!?. The purpose of such ex vivo models is to recreate the conditions of the bone
microenvironment as accurately as possible to be able to characterize the mechanisms involved
in normal or pathological bone remodeling and evaluate the efficacy of new therapeutic agents.

The present protocol is based on the procedures published by Garrett'* and Mohammad et al.*.
Neonatal mouse calvaria cultures have been used as an experimental model, as they retain the
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three-dimensional architecture of the bone under development and bone cells, including cells
at all stages of differentiation (i.e., osteoblasts, osteoclasts, osteocytes, stromal cells) that lead
to mature osteoclasts and osteoblasts, as well as the mineralized matrix'*. The ex vivo model
does not represent the pathological process of bone diseases totally. However, effects on bone
remodeling or cancer-induced bone osteolysis can be accurately measured.

Briefly, this protocol consists of the following steps: the dissection of calvarias from 5-7 day old
mice, calvaria preculture, calvaria culture applications (e.g., culture in the presence of insulin,
cancer cells or conditioned medium, and even agents with therapeutic potential, according to
the aim of the investigation), bone fixation and calvaria decalcification, tissue processing,
histological analysis, and result interpretation.

PROTOCOL:

All mice used in these assays were obtained from BALB/c mice strains, using male and female
mice indiscriminately. Previous culture experiments have also been performed using other
strains, such as FVB, Swiss mice, CD-1, and CsA mice!>'214 All mice were housed according to
National Institutes of Health (NIH) guidelines, Appendix Q. Procedures involving animal subjects
have been approved by the Institutional Animals Care and Use Committee (IACUC) at the Center
for Scientific Research and Higher Education at Ensenada (CICESE).

1. Calvarial dissection

1.1. Sterilize dissection instruments (e.g., 1 x 2 teeth tissue forceps, straight surgical scissors,
dissecting scissors, fine-tipped tweezers, fine curved tip dissecting forceps, dissecting forceps,
scalpel). Sterile distilled water can be used to clean the surgical tools between each dissection,
and sterile 1x PBS can be used for cleaning each hemi-calvaria.

1.2. Place the sterile dissection instruments, water, 1x PBS, and required materials to carry out
the procedure (e.g., micropipettes, precipitate glasses, sterile Petri dishes) in a laminar flow
hood.

NOTE: Carry out the entire procedure under sterile conditions.

1.3. Add 12 mL of sterile 1x PBS into two 10 cm Petri dishes.

1.4. Select the pups and place them near the hood.

NOTE: Dissect the calvarias from 5—7 day old pups.

1.5. Pick and hold the mouse carefully using dissecting forceps.

1.6. Decapitate the mouse using dissecting scissors and place the head in a Petri dish with PBS.
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NOTE: Decapitation is not suitable for older mice. If the experiment must be done with older
mice, the method of euthanasia should be modified according to the animal experimentation
rules.

1.7. Hold the head firmly by the nose area with 1 x 2 teeth tissue forceps and remove the skin
over the skull until the calvaria is visible.

1.8. Identify the sutures (i.e., sagittal, coronal, and lambdoid) of the skull on the exposed
calvaria.

1.9. Penetrate with the tip of the microscissors approximately 2 mm behind the lambdoid
suture and make a straight cut alongside it.

1.10. Insert the tip of the microscissors on the rear side of the skull. Make a straight cut along
the distal side of the lambdoid suture towards the coronal suture. Proceed similarly with the

other lambdoid suture.

1.11. Make another cut (at a 45° angle) to connect the end of the cut made with the cut of the
anterior fontanel.

1.12. Repeat steps 1.10 and 1.11 with the other lambdoid suture.

NOTE: Itis important to identify the sutures to make appropriate cuts and to be able to perform
adequate embedding and data analysis.

1.13. Use fine-tip forceps to remove the calvaria and place it in a Petri dish. With a scalpel, make
a straight cut from the posterior fontanel along the sagittal suture through the coronal suture

and ending in the anterior fontanel to obtain two hemi-calvarias.

1.14. Pick up each of the hemi-calvarias with the fine-tipped tweezers and place them in a new
Petri dish containing PBS.

2. Calvaria culture

2.1. Add 1 mL of high-glucose DMEM medium supplemented with 0.1% bovine serum albumin
(BSA) and 1% antibiotic/antimycotic (i.e., penicillin and streptomycin) in the wells of a 24 well
plate. With fine-tip forceps, pick up each hemi-calvaria and place it in a well.

NOTE: Put the hemi-calvarias concave side down.

2.2. Incubate the hemi-calvarias for 24 h at 37 °C with 5% CO..

2.3. Remove the culture medium from each well and add 1 mL of fresh media containing the
compound to test or conditioned media from other cells.
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NOTE: Use at least three hemi-calvarias for each treatment group and use negative and positive
controls.

2.4. Incubate the hemi-calvarias for 7 days, changing the media every 2—3 days.

3. Culture with cancer cells

3.1. Select a Petri dish with cancer cells at 80-90% confluence and trypsinize them. To
trypsinize, wash the cancer cells 1x using PBS (5 mL per 75 cm? flask) followed by incubation in

an HBSS solution containing 0.05% trypsin and 0.53 mM EDTA (2 mL per 75 cm? flask).

3.2. Transfer the cell suspension into a 15 mL conical tube and centrifuge at 800 x g for 5 min at
room temperature (RT).

3.3. Remove and discard the supernatant.

3.4. Resuspend the pellet in 2 mL of DMEM containing 2% fetal bovine serum (FBS) and 1%
antibiotic/antimycotic. Count live cells.

3.5. Assign hemi-calvarias to each study group (i.e., the negative control and coculture group
for RNA or histology analysis).

3.6. Remove the culture media from the hemi-calvarias and add 1 mL of DMEM containing 2%
FBS and 1% antibiotic/antimycotic supplemented or not supplemented with cancer cells.

NOTE: The amount of cells to add can change depending on the cell line tested. With cancer
cells like MDA-MB-231 or PC-3, 500,000 cells per well work appropriately.

3.7. Incubate for 24 h at 37 °C with 5% CO.. Pass each hemi-calvaria to a new well to retain only
cancer cells that adhered to the bone tissue.

3.8. Incubate for 7 days at 37 °C with 5% CO; and change the media every 2-3 days.
4. Fixation

4.1. Cut squares of tissue paper to wrap the hemi-calvarias.

NOTE: Biopsy foam pads or steel capsules for small biopsies can also be used.

4.2. Use straight fine-tip forceps to pick up each hemi-calvaria from the sagittal suture, place on
a tissue paper, and wrap.

4.3. Place the wrapped hemi-calvaria inside a labeled embedding cassette.
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4.4. Place the cassette into a container with 10% phosphate-buffered formalin.
4.5. Fixfor24 hat4 °C.
5. Decalcification

5.1. Remove the formalin, add 1x PBS, and agitate the tissues for 30 min to rinse the hemi-
calvarias.

5.2. Remove the PBS and add 10% EDTA (pH = 8, 0.34 M).

NOTE: Verify that the solution covers the tissues completely.

5.3. Decalcify the tissues for 48 h at 4 °C.

5.4. Discard the EDTA solution and add 1x PBS to rinse the tissue.

5.5. Store the hemi-calvarias in 70% ethanol until the histology processing.
6. Tissue processing

6.1. Dehydrate the tissues with rounds of 96% ethanol, 60 min (3x), followed by 100% ethanol,
60 min (3x).

6.2. Replace the ethanol by 100% xylene, 60 min (3x).

6.3. Incubate the cassettes in paraffin wax, 60 min (2x).

7. Embedding

7.1. Open the cassettes, carefully remove the tissue paper, and unwrap the calvaria.

7.2. Pick up each calvaria carefully and stack all the hemi-calvarias from the same group in the
same orientation.

7.3. Put some paraffin in a mold.

7.4. Pick up all hemi-calvarias with the forceps and place them inside the mold with the sagittal
suture down towards the base of the mold.

NOTE: Orientation of the hemi-calvarias in the mold during inclusion is crucial to obtain
consistent histological sections and reproducible results because this orientation will allow
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posterior identification of the front and parietal bones from the calvarias and the coronal suture
facilitating the quantitative assessment.

7.5. Release the forceps and verify that the hemi-calvarias stay in place.

7.6. Place the labeled cassette on top of the mold and fill it with more paraffin to cover the
hemi-calvarias.

7.7. Move the molds to the cold surface.

8. Sectioning

8.1. Trim 500-600 um of the sagittal suture with the microtome.
8.2. Cut 4 um thick sections, and collect the sections needed.
8.3. Trim another 300 um.

8.4. Cut and collect another six 4 um thick sections.

8.5. Trim the block 300 um further and collect more sections.
8.6. Mount the sections onto glass microscope slides.

8.7. Dry the slides at RT.

9. Staining

9.1. Immerse the sections in 100% xylene for 3 min.

9.2. Submerge in 100% ethanol for 1 min.

9.3. Merge in 96% ethanol for 1 min.

9.4. Immerse in 80% ethanol for 1 min.

9.5. Submerge in 70% ethanol for 1 min.

9.6. Rinse in water for 3 min.

9.7. Submerge in hematoxylin for 3 min.

9.8. Rinse in water until the section is clear.
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9.9. Submerge in a saturated lithium carbonate solution for 10 sec.

9.10. Rinse in water for 3 min.

9.11. Submerge in 96% ethanol for 1 min.

9.12. Submerge in eosin for 3 min.

9.13. Immerse in 96% ethanol for 1 min.

9.14. Submerge in 100% ethanol for 1 min.

9.15. Submerge in 100% xylene for 3 min.

9.16. Add some per mount-mounting medium to the slide and protect it with a coverslip.

NOTE: You can complement the hematoxyline and eosin (H&E) staining with tartrate-resistant
acid phosphatase (TRAP) staining to evaluate osteoclast and osteolysis.

10. Quantitative assessment: defining area for analysis
10.1. Examine the sections under low power (i.e., 4x) to identify the orientation and the sutures.

10.2. Define the coronal suture and identify the long bone surface on one side and the short
surface on the other.

10.3. Identify the coronal suture under 40x magnification, and move two or three optical
fields away from the suture along the long surface. Capture images of this area for analysis.

10.4. Define the old bone area and the new bone area. The eosin Y with orange G stains the old
bone darker and the new bone lighter.

10.5. Measure the total bone area of the old and new bone with Image J software using the
color threshold tool. Express the results as pm?2.

11. Data analysis

11.1. Analyze the results using statistical software. Significant differences between groups can
be determined using appropriate tests (e.g., nonparametric Mann-Whitney U test as is done
herel).

REPRESENTATIVE RESULTS:
To evaluate bone formation in the calvarial model, we cultivated the hemi-calvarias in media
with or without 50 pg/mL of insulin. Tissue sections were prepared and stained with H&E. In
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these conditions, the histology showed that the structural integrity of the calvarial bone was
maintained, allowing the identification of its different components (Figure 1). The calvarias
treated with insulin presented an increase in the amount of bone tissue compared to the control
(Figure 2A). Quantitative histomorphometric analysis for the thickness and bone area of hemi-
calvaria confirmed a significant increase for both parameters in the insulin-treated tissues
compared to the control (Figure 2B). These data indicate the feasibility of the ex vivo model
protocol to reproduce bone formation conditions.

Additionally, the calvarial ex vivo model can be used to reproduce cancer and bone
microenvironment conditions. The protocol was used to evaluate the effect of the breast cancer
cells MDA-MB-231 on murine calvarias. To perform this, the calvarial bones were directly
cocultured with the cancer cells or cultured only with the conditioned media of the cancer cells.
After 7 days of culture, the calvarias were embedded in paraffin, and H&E staining was
performed. The coculture with MDA-MB-231 breast cancer cells appeared to increase
osteolysis, as shown by the decrease in bone and the damages to the calvarial structure when
compared to the control calvarias cultivated only with media (Figure 2A). Bone area
guantification of calvarias showed a significant decrease in the total bone area of the calvarias
cultured with MDA-MB-231 cancer cells compared to the control (Figure 2B). These results
demonstrated that the cocultures of cancer cells with calvarial tissue can recreate the cancer
and bone microenvironment and could be used to investigate the mechanisms of osteolytic
bone metastasis or to evaluate possible inhibitors of this process.

FIGURE LEGENDS:
Figure 1: Histological structure of the calvarial bone. Representative tissue section of hemi-
calvaria after H&E staining.

Figure 2: Insulin increased the bone area and thickness of hemi-calvarias ex vivo while
coculture of hemi-calvarias with MDA-MB-231 breast cancer cells induced osteolysis. For the
bone formation model, the hemi-calvarias were cultured in the presence or absence of insulin
(50 pg/mL), while for the coculture with cancer cells, hemi-calvarias were cultured in the
presence or absence of 5 x 10° MDA-MB-231 cells for 7 days and histomorphometrical analysis
was performed on H&E stained sections. (A) Representative tissue sections. (B)
Histomorphometrical analysis of the bone area. Results are represented as the average + SEM
(n=3). *P <0.05, nonparametric Mann-Whitney U test.

DISCUSSION:

Here, we describe the protocol for a calvarial ex vivo model to evaluate bone formation or
resorption and to study the interactions of cancer cells with calvarial mouse bone. The critical
steps of this technique are the dissection, culture, embedding, and histomorphometrical
analysis of the calvarias. During the dissection of the calvarias, it is crucial to cut the hemi-
calvarias into a trapezoid, as it will strongly facilitate the orientation during the paraffin
inclusion. When studying cancer cell interactions with the calvarias, it is important to use
multiwell plates that are not treated for cell culture to prevent cancer cells from adhering and
growing on the plastic instead of the bone. During the tissue inclusion, it is important to carefully
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orient each hemi-calvaria. They need to be placed in a vertical manner with the sagittal border
on the outer side of the paraffin block. The orientation of the bone is essential to obtain
consistent histological sections and reproducible results. Similarly, it is critical for consistency
during the histomorphometric analysis to define a specific region in the calvaria to measure
bone remodeling. Here, we identified first the coronal suture and then the long bone surface
where the pictures were taken and the measurements made.

To achieve the standardization and develop the protocols described, we modified some
established methodologies slightly. During the dissection of the hemi-calvarias, PBS was used
to rinse the mouse heads instead of culture media. To determine the number of cells necessary
to produce an effect on the calvarias, the tissue was incubated with different numbers of breast
cancer cells. In general, 5 x 10° cancer cells work well for a 7 day assay. Also, during fixation,
tissue paper was used instead of sponges to protect the calvarias. The tissue was well-preserved
within the paper.

The model described has some limitations. The calvarias from neonatal mice lack some of the
components of the bones that are the recipient of metastases, whether structural (i.e.,
trabecular bone) or cellular components such as immune cells or other cells of the bone
marrow, including hematopoietic stem cells that cancer cells interact with. The culture of the
calvarias in vitro cannot simulate the complete physiopathology. Also, when it comes to bone
metastases, breast cancer cells seldom metastasize to the calvaria, and tend to favor bones with
more active bone remodeling, such as the vertebrae, the hip, or the long bones of the arms and
legs. Besides, the coculture of hemi-calvarias with cancer cells only represents the latest steps
of the metastatic cascade: the colonization of the bone and the growth of the metastasis.
Furthermore, the number of samples is limited by the number of pups per litter. It is
recommended to use one litter per experiment and not mix litters to avoid variations within the
results. We obtained similar results in bone remodeling when using calvarias from BALB/c or
FVB mice, but whether the strain affects the time response of bone remodeling in this assay
remains to be determined.

The main advantages of the calvarial ex vivo model compared to in vivo models include lower
cost, simplicity of the assay, and shorter experimental time to obtain a bone remodeling
response. The coculture of cancer cells and calvarias allows studying the cell-contact dependent
interactions as well as the effect of secreted factors on bone remodeling, while the use of
conditioned media allows focusing on the effect of soluble factors. In addition, the direct
contact model can facilitate the characterization of intercellular interactions and molecular
mechanisms of the bone metastasis microenvironment, as well as the study and evaluation of
new drugs for the treatment of skeletal complications of malignancies.
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"‘ ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Measuring Bone Remodeling and Recreating the Tumor Bone Microer
Using Calvaria Co-culture and Histomorphometry

Author(s):
Cinthia N Cuero, Brenda lduarte & Patricia Juarez
ltem 1: The Author elects to have the Materials be made available (as described at
http://www.jove.com/publish) via:
Standard Access D Open Access

Item 2: Please select one of the following items:

|Z]The Author is NOT a United States government employee.

DThe 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.

DThe 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; “JOoVE” 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
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of the Article, and in which the Author may or may not
appear.

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.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement-PJC.pdf
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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
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rights permitted under such 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. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. 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.
10. 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 use, 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.

11. 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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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.

12. 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

"‘ ARTICLE AND VIDEO LICENSE AGREEMENT

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 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.

13. 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.

14. 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 is required per submission.

CORRESPONDING AUTHOR
Name:

Patricia Juarez
Department: ] ] }

Biomedical Innovation Department
Institution: Center for Scientific research and Higher Education at Ensenada
Title: :

Assistant Research Professor
A

Signature: 4@1 Date: August 30, 2018

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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3/_ Centro de Investigacion Cientifica y de Educacion
- @ Superior de Ensenada, Baja California.

CICESE DIVISION DE BIOLOGIA EXPERIMENTAL Y APLICADA
Feb 12, 2020
JOVE59028R3
Phillip Steindel
Review editor
JoVE
Dear Editor,

We appreciate the valuable editorial comments for our work entitled “Measuring Bone
Remodeling and Recreating the Tumor Bone Microenvironment Using Calvaria Co-
culture and Histomorphometry”. Your comments were addresses as follow:

Editorial comments:

1) H&E images in the video still have 'Endostium' labels, despite this being changed in the figures.
Please correct.

The H&E images in the video were modified accordantly.

2) in 'Calvarial dissection', step 7, you mention the possibility of leaning on the lid of a Petri dish;
can you clarify this a bit (e.g., what part of the body)?

In Calvarial dissection, the most important is to reduce the movement of the mouse- head to
be precise when cutting the bone. To do that, holding the head by the nose area helps a lot.
Sometimes when the hand of the person is small, it can help a little to put the mice leaning
on the lid, not in a specific position, it depends on the person, and it is to have more
support. However, we believe that this phrase can be confusing for the reader, and we do
not want to miss lead it. For this reason, we decide to remove it from step 7.

Thank you for your consideration.

Sincerely,
Patricia Juarez, Ph.D.
Associate Professor
Biomedical Innovation Department
2020 Carretera Ensenada-Tijuana No. 3918 Zona Playitas, C.P.22860, Ensenada, Baja

California, México. Tel 646 1750500 ext. 27212 http://www.cicese.edu.mx
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