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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? 
N

2. Does your protocol include software usage? 
N

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.1, 2.5, 3.1, 4.3, 4.5
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.3, 4.1
5. Will the filming need to take place in multiple locations? 
N

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Yan Zhang: This method provides an efficient strategy for preparing functional scaffolds for bone tumor research. Decellularized bone extracellular matrix showed favorable cytocompatibility for the survival and activities of osteosarcoma cells [1]. 
1.1.1. INTERVIEW.

1.2. Yu Zhang: The main advantage of this technique is that osteosarcoma cells cultured in bone-derived matrix show highly heterogeneous morphology similar to clinical osteosarcoma histopathology [1]. 
1.2.1. INTERVIEW.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Yupeng Yao: The method provides ideal model for investigating the development, progression or drug-sensitivities of bone tumors, such as osteosarcoma, Ewing sarcoma, and the other malignant tumors metastases to bone [1].
1.3.1. INTERVIEW.



Section - Protocol
Animal care and use are conducted according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH publication NO.80-23, revised in 1996) after approval from the Animal Ethics Committee of Sun Yat-sen University.
2. [bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: _Hlk526724081]Bone Preparation and Demineralization
2.1. [bookmark: OLE_LINK39][bookmark: OLE_LINK40]To begin, obtain 4 to 6-week-old BALB/c (pronounce as [bæl biː ciː]) mice [1-TXT]. After euthanizing a mouse, using sterile surgical scissors, cut off fresh fibula, tibia and femur from a hindlimb [2]. With the help of tweezers, peel off the epithelial tissue and then remove as much of the soft tissue as possible [3].
2.1.1. MED: Shot of the mice obtained. TEXT: no sex-specific requirement
2.1.2. CU: Talent cuts off bones from the mouse.
2.1.3. CU: Talent removes tissue.
2.2. [bookmark: OLE_LINK41][bookmark: OLE_LINK48][bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK4][bookmark: OLE_LINK3]Rinse the leg bones with sterile 10 millimolar PBS (pronounce as P-B-S) solution twice to remove blood in a 6-centimeter dish [1-TXT]. Immerse the bones in a dish with 75% ethanol for 3 minutes [2-TXT], then rinse with PBS twice [3-TXT]. Store the clean bones in a sterile 50 milliliter centrifuge tube with sterile PBS at -80 degrees Celsius [4-TXT].
2.2.1. MED: Talent rinses leg bones in a dish. TEXT: PBS (phosphate buffered saline)
2.2.2. CU: Shot of the bones in ethanol. TEXT: ethanol
2.2.3. MED: Talent rinses bones again. TEXT: PBS
2.2.4. MED: Talent stores bones in tube and puts in freezer. TEXT: Bones can be stored for months. Videographer: Take multiple shots, as this will be used later.
2.3. [bookmark: OLE_LINK52][bookmark: OLE_LINK53]Thaw the frozen bones at room temperature [1], and then freeze again at -80 degrees Celsius for 1 hour [2]. Subject the bones to more than 2 freeze-thaw cycles for cell lysis and tissue breakdown [3].
2.3.1. MED: Shot of the bones on a surface in room temperature.
2.3.2. Use 2.2.4
2.3.3. MED: Talent takes the bones out from the freezer.
2.4. Then, place the bones in a sterile 50 milliliter centrifuge tube filled with 0.5 normal hydrochloric acid [1-TXT], and incubate overnight at room temperature on an orbital shaker with gentle shaking [2] to ensure complete and even coverage of bones [3].
2.4.1. CU: Talent places the bones in tube filled with hydrochloric acid. TEXT: The volume of HCl solution should be more than ten times as that of the bones.
2.4.2. MED: Talent puts tube in shaker.
2.4.3. CU: Shot of the bones in tube on the shaker.
2.5. After decalcification, decant the HCl solution completely [1] and rinse the bones under running water for 1 hour [2]. Then, use distilled water to wash the bones twice for 15 minutes per wash on an orbital shaker [3]. Completely decant the solution [4].
2.5.1. MED: Talent decants the solution.
2.5.2. MED: Talent rinses the bones under running water.
2.5.3. MED: Shot of the bones on shaker.
2.5.4. Use 2.5.1.
3. Bone Decellularization
3.1. [bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK5]To extract the lipids in the demineralized bones, place the bones in a 50-milliliter centrifuge tube with a 1 to 1 mixture of methanol and chloroform [1-TXT]. Wrap the tube with tin foil to avoid light for prevention of chloroform decomposition, and put the tube on an orbital shaker for 1 hour [2-TXT]. 
3.1.1. MED: Talent puts the bones into the tube with solven. TEXT: 1:1 mixture of methanol and chloroform
3.1.2. MED: Talent wraps the tube. TEXT: Light-resistant container can be used instead.
3.2. Then, use tweezers to transfer the bones into another tube of methanol with tin foil for 30 minutes [1-TXT]. Remove the methanol completely [2] and on an orbital shaker, wash with distilled water twice for 15 minutes [3]. Decant final wash water and proceed under sterile condition [4].
3.2.1. MED: Talent transfers the bones into a tube with tin foil. TEXT: methanol 
3.2.2. MED: Talent decants the solution. Videographer: Take multiple shots, as this will be used later.
3.2.3. MED: Talent transfers the tube to shaker.
3.2.4. Use 3.2.2.
3.3. [bookmark: _Hlk526719387][bookmark: OLE_LINK15][bookmark: OLE_LINK14]Rinse the bones in a 6-centimeter dish with sterile PBS in for 3 minutes [1]. Add 40 milliliters of sterile 0.05% TE (pronounce as T-E) solution into a new 50 milliliter centrifuge tube [1-TXT] and incubate bones for 23 hours in a carbon dioxide incubator at 37 degrees Celsius [2].
3.3.1. CU: Talent places the bones in a dish with PBS. Close up of the bones.
3.3.2. CU: Talent adds solution into tube. TEXT: 0.05% TE (trypsin-EDTA) 
3.3.3. MED: Talent puts bones in the tube and then into incubator.
3.4. [bookmark: OLE_LINK13][bookmark: OLE_LINK12]Discard the TE solution [1] and rinse twice with sterile PBS supplemented with 90 micrograms per milliliter ampicillin and 90 micrograms per milliliter kanamycin for 15 minutes each on the orbital shaker [2-TXT].
3.4.1. CU: Talent decants the solution.
3.4.2. MED: Talent adds PBS solution into tube. TEXT: PBS with 90 μg/mL ampicillin and 90 μg/mL kanamycin Videographer: Take multiple shots, as this will be used later.
3.4.3. MED: Talent puts the tube on the shaker.
3.5. After decanting the final wash completely, replenish again with 40 milliliters of sterile PBS with antibiotics [1]. Wash thoroughly for 24 hours at room temperature with gentle shaking to achieve effective sterilization of pore spaces [2].
3.5.1. Use 3.4.2.
3.5.2. MED: Shot of the tube on the shaker.
3.6. Then, transfer the bones into a 50-milliliter centrifuge tube filled with sterile PBS with antibiotics [1]. The prepared bone extracellular matrix can be stored at 4 degrees Celsius for 2 months [2-TXT].
3.6.1. CU: Talent transfers bones into new tube. Close up of the bones.
3.6.2. MED: Talent places the tube in refrigerator. TEXT: bone extracellular matrix: BEM
4. Cell Seeding and Culture
4.1. [bookmark: _Hlk534321603]Immerse BEM (pronounce as B-E-M) in 75% ethanol in a dish, and gently shake the dish with hand for 30 seconds [1]. Then rinse with PBS for 30 seconds twice [2]. Transfer the BEM onto a clean 6-well cell culture plate [3]. Add 2 milliliters of complete culture medium to each well [4-TXT]. Incubate the BEM overnight in a carbon dioxide incubator at 37 degrees Celsius [5].
4.1.1. MED: Talent immerses BEM in ethanol and shakes the dish.
4.1.2. MED: Talent rinses BEM in PBS.
4.1.3. CU: Talent transfers BEM to cell culture plate.
4.1.4. CU: Talent adds medium to well. TEXT: Dulbecco’s modified Eagle’s medium/F12 contains 5% fetal bovine serum, 90 μg/mL ampicillin and 90 μg/mL kanamycin
4.1.5. MED: Talent places the plate into incubator.
4.2. [bookmark: _Hlk534321520]Obtain human OS (pronounce as O-S) cell lines [1-TXT]. In 100 microliters of pre-warmed PBS containing indicator phenol red, use a pipette to suspend OS cells with the approximate concentration of 1.0 times 10 to the 5 [2]. 
4.2.1. CU: Talent obtains cells. TEXT: MNNG/HOS infected with mCherry and MG-63 infected with GFP
4.2.2. CU: Talent suspends cells. Close up of the pipette tip and cell.
4.3. After the BEM is fully soaked in the medium, from proximal or distal epiphysis [1], pierce the needle to the medullary cavity of BEM and inject OS cells into BEM [2]. Incubate the OS-BEM model for a minimum of 2 hours in a humidified 5% carbon dioxide atmosphere at 37 degrees Celsius to ensure the injected cells firmly adhere to BEM [3].
4.3.1. CU: Shot of the BEM in medium. Video editor: Put an arrow to proximal and distal epiphysis when the VO says the two words.
4.3.2. CU: Talent uses needle to inject cells to bone. 
4.3.3. MED: Talent puts the plate in incubator. Videographer: Take multiple shots, as this will be used later.
4.4. Then, take out the plate from the incubator [1], add 1 milliliter culture medium into the plate [2], and keep it in the incubator overnight [3] to completely coat the surface of the BEM culture [4].
4.4.1. MED: Talent takes out the plate from incubator.
4.4.2. CU: Talent adds medium into plate.
4.4.3. MED: Talent puts the plate into the incubator.
4.4.4. CU: Shot of the BEM in the incubator with surface completed coated.
4.5. [bookmark: _Hlk534321743]Gently transfer the OS-BEM model into a new well of 6-well plate with a sterile tweezer [1] and refeed 1 milliliter fresh culture medium [2]. Culture the model for 14 days in the incubator [3-TXT].
4.5.1. CU: Talent transfers OS-BEM into a new plate.
4.5.2. CU: Talent adds 1 mL medium. Close up of the well.
4.5.3. Use 4.3.3. TEXT: 14-day culture
4.6. During the 14-day incubation, keep monitoring medium color [1]. If the medium turns into orange or even yellow [2], immediately refresh the medium by discarding half of the old medium and adding in new medium to maintain a healthy environment for OS cells [3].
4.6.1. CU: Shot of the well showing bright red medium.
4.6.2. CU: Shot of the well showing orange-yellow medium.
4.6.3. CU: Talent discards and adds new medium into well.
4.7. Keep monitoring cell status under the inverted fluorescence microscope [1]. When OS cells expand to plate [2], gently transfer the OS-BEM model to another new well with sterile tweezer [3].
4.7.1. CU: Talent transfers cell.
4.7.2. [bookmark: _Hlk534321789]MED: Talent operates on the microscope.
4.7.3. CU: Shot of the plate with cells expanded.
4.7.4. CU: Talent transfers OS-BEM.
4.8. [bookmark: _Hlk534321918]After 14 days, with the OS-BEM model transferred into a new well [1], gently rinse with PBS to remove the culture medium [2]. Then, transfer into a 15 milliliter centrifuge tube and add 10% buffered formalin to fix for histological identification [3].
4.8.1. CU: Shot of the OS-BEM in a new well.
4.8.2. CU: Talent rinses the OS-BEM.
4.8.3. CU: Talent transfers OS-BEM into tube and adds solution. Close up of the OS-BEM.



Section – Results
5. Results: Characterization of Decellularized BEM and OS cells
5.1. After demineralization and decellularization, BEM appears to be translucent with stronger resilience and tenacity [1] compared to native mouse bone [2]. A little muscle residue and the space of medullary cavity can be clearly observed [3].
5.1.1. Figure 1ABCD- Video editor: Show Figure ABCD at the same time. emphasize B
5.1.2. Figure 1ABCD- Video editor: emphasize A
5.1.3. Figure 1ABCD- Video editor: emphasize B
5.2. Bright-field imaging of the native bone [1] and the decellularized BEM shows the thorough removal of cell nuclei. The natural porous structure and collagen network arrangement is well maintained in decellularized BEM [2].
5.2.1. Figure 1ABCD- Video editor: emphasize C
5.2.2. Figure 1ABCD- Video editor: emphasize D
5.3. [bookmark: _Hlk527312792]Additionally, immunohistochemical staining for collagen one and collagen four [1] shows the main components of extracellular matrix are preserved in mouse tibia after decellularization [2].
5.3.1. Figure 1E- Video editor: Show the images without the arrows.
5.3.2. Figure 1E- Video editor: emphasize the lower two figures
5.3.3. Figure 1E- Video editor: emphasize both yellow and blue arrows
5.4. During the 14-day culture, both periosteum and endosteum are infiltrated by the expansion of OS cells [1]. OS cells on the decellularized BEM show highly heterogeneous morphology similar to the cytopathologic features of an OS section [2].
5.4.1. Figure 3- Video editor: emphasize Figure 3A&B
5.4.2. Figure 3- Video editor: emphasize Figure 3C
5.5. Immunohistochemical analysis after culturing in BEM model for 14 days shows great advantages in long-term cultures. Also, OS cells in BEM culture highly express bone matrix glycoprotein, which is specific for osteoid matrix [1].
5.5.1. Figure 3- Video editor: emphasize Figure 3D
5.5.2. 


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Yan Zhang: This in vitro three-dimensional model has been used to demonstrate the phenotypic heterogeneity and regulatory mechanism of osteosarcoma dedifferentiation with success [1]. 
6.1.1. INTERVIEW
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