[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 70782
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=21588558 

Title: A 3D Bone Culture Platform Using Human Osteocytes and Decellularized Extracellular Matrix for Modeling Musculoskeletal Diseases

Authors and Affiliations: 

AUTHORS AND AFFILIATIONS: 
Francisco Verdugo-Avello1, Sebastián Carrasco1, Tomás Hermann2, Coralia Rivas1, Jorge R. Toledo1

1Laboratorio de Biotecnología y Biofarmacia, Departamento de Fisiopatología, Facultad de Ciencias Biológicas, Universidad de Concepción
2Hospital Traumatológico de Concepción, Servicio Salud Concepción




☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Francisco Verdugo-Avello	frverdugo@udec.cl


Email Addresses for All Authors: 
Sebastián Carrasco		scarrasco2016@udec.cl
Tomás Hermann		thermann@udec.cl
Coralia Rivas			corivas@udec.cl
Jorge R. Toledo		jotoledo@udec.cl
Francisco Verdugo-Avello	frverdugo@udec.cl




Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  25
Number of Shots:  57 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Answers will be slightly edited in accordance with journal guidelines.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
Scriptwriter: If an ethics card is required, please remove the statement that does not apply before sending the draft script. Delete the entire section if there are no animal or human subjects requiring an ethics statement. 
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)
OR
This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

Authors: During filming, please point out the organs or veins before dissecting them.
2. Decellularization and Lyophilization of Human Femoral Head Bone
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, obtain a methacrylated gelatin hydrogel [1] to create a biocompatible, photocrosslinkable scaffold for supporting three-dimensional cell growth [2].
2.1.1. WIDE: Talent placing the methacrylated gelatin hydrogel on the work surface.
2.1.2. Close-up of the methacrylated gelatin hydrogel.

2.2. Thaw the human femoral head obtained from a patient during hip replacement surgery gradually to 25 degrees Celsius [1]. Cut the femoral head in half and then cut each half into smaller pieces [2].
2.2.1. Talent placing the femoral heads in an incubator or on the work bench.
2.2.2. Talent cutting each femoral head in half and cutting the femoral head half into smaller pieces.

2.3. Immerse the bone pieces in sterile distilled water at 60 degrees Celsius [1]. Sonicate for 15 minutes at 40 kilohertz continuously [2].
2.3.1. Talent immersing the bone pieces in sterile distilled water.
2.3.2. Talent placing the immersed bone pieces in the sonicator.

2.4. Then, wash the samples in 300 milliliters of distilled water preheated to 60 degrees Celsius while shaking at 200 revolutions per minute for 5 minutes [1].
2.4.1. Talent adding preheated distilled water to the sample and keeping it on a shaker.

2.5. Centrifuge at 1850 g for 15 minutes at 25 degrees Celsius [1]. Remove the water and repeat the washing step 2 more times [2].
2.5.1. Talent placing the samples in the centrifuge.
2.5.2. Talent removing the water from the sample after the spin.

2.6. Sterilize the tissue in a solution containing 3 percent hydrogen peroxide and 0.02 percent peroxyacetic acid [1] and sonicate at 40 kilohertz for 10 minutes at 60 degrees Celsius [2].
2.6.1. Talent placing the tissue in the sterilization solution.
2.6.2. Talent placing the sample in a sonicator. 

2.7. Transfer the tissue to 300 milliliters of 70 percent ethanol [1] and sonicate at 40 kilohertz for 10 minutes at 21 degrees Celsius [2].
2.7.1. Talent transferring the tissue to 300 milliliters of 70 percent ethanol.
2.7.2. Talent placing the tissue in ethanol in the sonicator.

2.8. Wash the samples twice with 300 milliliters of distilled water [1]. Shake at 200 revolutions per minute for 10 minutes at 60 degrees Celsius [2] and centrifuge at 1850 g for 15 minutes at 25 degrees Celsius [3].
2.8.1. Talent washing the samples with distilled water.
2.8.2. Talent placing the samples for shaking.
2.8.3. Talent placing the samples in the centrifuge.

2.9. Now, pre-freeze the bone at minus 80 degrees Celsius for 4 hours [1]. Then, place the decellularized bone in a wide-base [2] for lyophilization to ensure even drying at 0.05 millibars and minus 40 to minus 60 degrees Celsius for 24 hours [3].
2.9.1. Talent placing the bone for pre-freezing.
2.9.2. Talent placing the decellularized bone in a wide-base.
2.9.3. Talent placing the sample in lyophilizer.



3. Preparation of Decellularized Bone Microparticles
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Place the decellularized bone fragments in a 250-milliliter flask containing the sterilizing solution [1] and homogenize until a uniform white solution is obtained [2].
3.1.1. Talent placing decellularized bone fragments into 250 milliliter flask with sterilizing solution.
3.1.2. Talent homogenizing the bone fragments until a uniform white solution forms.

3.2. Centrifuge the homogenate at 1850 g for 15 minutes at 25 degrees Celsius [1]. After discarding the supernatant, wash the pellet two times with 300 milliliters of distilled water at 25 degrees Celsius under agitation at 200 revolutions per minute for 10 minutes [2]. Then, perform a final centrifugation at 1850 g for 15 minutes at 25 degrees Celsius [3].
3.2.1. Talent placing the samples in the centrifuge.
3.2.2. Talent adding water to the pellet and placing the sample under agitation.
3.2.3. Talent placing the samples back into the centrifuge for final centrifugation.

3.3. Lyophilize the resulting material at 0.05 millibar and minus 40 to minus 60 degrees Celsius for 48 hours [1]. Next, mechanically mill the lyophilized cortical or medullary bone using a sterilized ceramic mortar until a fine powder is obtained [2].
3.3.1. Talent placing the material in the lyophilizer.
3.3.2. Talent milling the lyophilized bone in a sterilized ceramic mortar.

3.4. Pass the dry powder through a 200-micrometer mesh or sieve [1]. Weigh the final material before storing at minus 80 degrees Celsius [2].
3.4.1. Talent adding the dry powder onto a 200 micrometer mesh or sieve.
3.4.2. Talent weighing the final powdered material on a weighing balance.




4. Preparation of Methacrylated Gelatin–Bone Composite Hydrogel
Demonstrator: Click here to enter name of demonstrator(s)


4.1. Prepare 10 weight by volume percent methacrylated gelatin by dissolving 1 gram of methacrylated gelatin in 9.5 milliliters of deionized water at 50 degrees Celsius [1]. Cool the solution to 37 degrees Celsius [1] and add Irgacure 2959 photoinitiator solution [2].
4.1.1. Talent adding GelMA to deionized water and placing the mixture.
4.1.2. Talent placing the solution aside on the work surface to cool.
4.1.3. Talent adding Irgacure 2959 photoinitiator solution to the mixture.

4.2. Next, filter sterilize the solution using a 0.22 micrometer filter, maintaining the solution at 37 degrees Celsius [1]. Add decellularized bone microparticles at 1 percent weight by volume [2].
4.2.1. Talent adding the solution onto a 0.22 micrometer filter.
4.2.2. Talent adding decellularized bone microparticles to the solution.

4.3. Mix the solution and pipette up and down carefully while avoiding bubble formation at 40 degrees Celsius until a homogeneous suspension is obtained to form bone gel [2].
4.3.1. Talent mixing the solution by pipetting the mixture up and down carefully and then showing the homogeneous suspension without bubbles.




5. Isolation and Culture of Bone Marrow-Derived Cells
Demonstrator: Click here to enter name of demonstrator(s)

5.1. Extract and mince the bone marrow tissue from the interior of the femoral head using sterile surgical instruments [1] and transfer the minced tissue to a sterile Petri dish [2]. Wash the tissue three times with alpha minimum essential culture medium supplemented with antibiotic-antimycotic solution [3-TXT].
5.1.1. Talent extracting and mincing bone marrow tissue from the femoral head using sterile surgical instruments.
5.1.2. Talent transferring the minced tissue into a sterile Petri dish.
5.1.3. Talent washing the tissue with supplemented culture medium. TXT: 100 μg/mL Penicillin; 100 μg/mL Streptomycin; 0.25 μg/mL Amphotericin

5.2. After rinsing with Hank’s Balanced Salt Solution [1], perform sequential collagenase and EDTA incubations with intervening HBSS washes to thoroughly dissociate the tissue [2].
5.2.1. Talent adding Hank’s Balanced Salt Solution to the tissue.
5.2.2. TEXT ON PLAIN BACKGROUND:
· Incubate tissue in collagenase Type I (25 min, 37 °C, gentle agitation) 
· Wash with HBSS 
· Repeat collagenase digestion + wash with HBSS 2 more times 
· Incubate in 0.5 mM EDTA (25 min, 37 °C) 
· Wash with HBSS; repeat EDTA step 2 more times 
· Perform final collagenase digestion (25 min, 37 °C) + HBSS wash

5.3. Collect the collagenase solution [1] and transfer the final Hank’s Balanced Salt Solution wash into a 50-milliliter centrifuge tube [2].
5.3.1. Talent collecting the collagenase solution into a tube.
5.3.2. Talent transferring the wash solution into a 50 milliliter centrifuge tube.

5.4. Centrifuge the solution at 1000 g for 5 minutes at room temperature [1]. Discard the supernatant [2] and resuspend the pellet in 2 milliliters of complete alpha minimum essential medium [3].
5.4.1. Talent placing the tube in the centrifuge. Authors: Which solutions are centrifuged here? Collagenase or HBSS wash solution? Please specify.
5.4.2. Talent discarding the supernatant from the tube.
5.4.3. Talent resuspending the pellet in complete culture medium.

5.5. Then, seed the cell suspension into two T75 culture flasks [1] and incubate at 37 degrees Celsius with 5 percent carbon dioxide [2]. Replace the culture medium every 2 to 3 days until adequate confluency is achieved [3].
5.5.1. Talent seeding the cell suspension into two T75 culture flasks.
5.5.2. Talent placing the flasks into the incubator.
5.5.3. Talent removing the culture medium in the flask and adding fresh medium.





6. Bioink Preparation and 3D Cell Encapsulation

Demonstrator: Click here to enter name of demonstrator(s)
6.1. Prewarm the required amount of bone gel hydrogel at 37 degrees Celsius [1]. Detach the cultured osteocytes [2] and centrifuge at 500 g for 5 minutes in a 15-milliliter tube [3].
6.1.1. Talent placing the bone gel hydrogel for prewarming at 37 degrees Celsius.
6.1.2. Talent detaching cultured osteocytes. Authors: How do you detach the osteocytes at this stage? Please explain in one line
6.1.3. Talent placing the 15 milliliter tube in the centrifuge.

6.2. Resuspend the pellet in 200 microliters of culture medium tempered at 37 degrees Celsius [1] and mix with the bone gel hydrogel to obtain a final cell density of at least 1000 cells per microliter to form the bioink [2]. Using a P-1000 pipette, add 50 microliters of the bioink per construct into each well of the culture plate and allow 5 minutes for physical gelation at room temperature [3].
6.2.1. Talent resuspending the pellet in culture medium.
6.2.2. Talent mixing the cell suspension with bone gel hydrogel.
6.2.3. Talent pipetting bioink into wells of the culture plate and keeping the plate aside.

6.3. Expose each well to 365 nanometer ultraviolet light for 1 minute to achieve irreversible crosslinking at 0.3 joules per square centimeter [1]. Then, add culture medium to each well [2] and incubate the constructs at 37 degrees Celsius with 5 percent carbon dioxide for the required time points using a separate plate for each time point [3].
6.3.1. Talent placing the culture plate under ultraviolet light for crosslinking.
6.3.2. Talent adding culture medium to the wells.
6.3.3. Talent placing the culture plates into the incubator.

6.4. Finally, assess scaffold biocompatibility by measuring cell viability using live-dead fluorescence staining and metabolic activity using the alamarBlue assay [1].
6.4.1. Talent adding the stain to the sample wells.


Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. Primary osteocytes were detectable in culture approximately 5 days after extraction and displayed a stellate morphology forming interconnected networks characteristic of osteocytes [1].
7.1.1. LAB MEDIA: Figure 3. 
7.2. Metabolic activity in osteocyte-laden constructs showed significant differences relative to the control across all replicates [1].
7.2.1. LAB MEDIA: Figure 5. Video editor: Highlight the bars for TE1, TE2, and TE3 
7.3. After 7 days of culture, strong calcein acetoxymethyl fluorescence indicated widespread viable cells throughout the hydrogel matrix [1].
7.3.1. LAB MEDIA: Figure 6. Video editor: Highlight the green fluorescent cells across panels A3 and C3
7.4. Minimal ethidium homodimer-1 signal confirmed low cytotoxicity in the constructs [1].
7.4.1. LAB MEDIA: Figure 6. Video editor: Highlight the faint red areas in panels B3 showing very few dead cells
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