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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  Y  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☒ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option. 

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?    N 
 

Protocol Length
Number of Shots: 36

 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Kathy Gabrielson: Implanting osteosarcoma cells inside the tibia microenvironment promotes lung metastasis. This model can also be useful for studying the mechanisms of pulmonary metastasis or novel cancer therapies that require an intact immune system [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Kathy Gabrielson: Once the tumor has been established, amputation is necessary to control the rate of metastasis in long term survival studies. We use jugular injections to allow the visualization of intravenous drug delivery [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.3. Casey Kissel: The timing between the tumor implantation and amputation surgery can be reduced or increased to control the metastasis rate. Our amputation method is a refinement over methods that use hemiosteomy to remove a portion of the limb [1].

1.3.1. LAB MEDIA:  Named talent says the statement above in an interview-style shot, looking slightly off-camera

NOTE: shot 1.3.1 was not uploaded by the authors at the time of postshoot.
OPTIONAL: 

1.4. Shun Ishiyama: Jugular vein injection is useful for many other disease models for which a precise drug delivery is required. We have used this method to deliver nanoparticles and radiolabeled ligands for in vivo imaging [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.5. Xin Guo: We advise new users to practice removing a limb from 5-10 euthanized rats before attempting an experiment to master the mechanics of limb amputation without blood loss [1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics Title Card

1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Johns Hopkins University.


Protocol
2. Intratibial Osteosarcoma (OS) Cell Injection

2.1. [bookmark: _Hlk60816759]After confirming a lack of response to pedal reflex, secure the anesthetized rat in a nose cone on a low heat setting heating pad in the supine position [1] and remove the hair on the right leg up to the ventral and dorsal lower abdomen [2].

2.1.1. WIDE: Talent securing rat in nose cone Videographer: More Talent than rat in shot 
2.1.2. Hair being removed

2.2. Use gauze or spray to disinfect the surgical area with 70% ethanol and an appropriate diluted antiseptic [1] and apply ointment to the animal’s eyes [2].

2.2.1. Skin being disinfected with ethanol.
2.2.2. ECU: Ointment being applied

NOTE: The description was changed for step 2.2 and only one action was performed in shot 2.2.1.

2.3. Using a light drill-like motion to make an opening, insert a 22-gauge needle marked 10 millimeters from the tip 10 millimeters into the diaphysis of the tibia in the middle of the tibial plateau, extending the needle through the metaphysis into the diaphysis [1].

2.3.1. Needle being inserted/opening being made Videographer: Important step

2.4. After removing the needle [1], gently mix the tumor cell suspension of interest to obtain a homogenous cell suspension [2-TXT] and load 7.5 x 104 of the cells in 20 microliters of PBS into a Hamilton syringe [3].

2.4.1. Needle being removed
2.4.2. Talent mixing cells TEXT: Check cell viability by trypan blue exclusion before injection
2.4.3. Talent loading cells

2.5. Mark the Hamilton syringe with cells 10 millimeters from needle tip [1] and insert the needle to the 10-millimeter mark into the hole made by the 22 gauge needle [2-TXT].

2.5.1. Syringe being marked Videographer: Important step
2.5.2. Needle being inserted Videographer: Important step TEXT: Reinsert if needle not secure or wobbles

2.6. [bookmark: _Hlk50647542]Then gently discharge the entire volume of cells into the marrow cavity [1] and place the rat into a cage on a heating pad with monitoring until full recumbency [2-TXT].

2.6.1. Cells being delivered
2.6.2. [bookmark: _Hlk51247042]Talent placing rat into cage Videographer: More Talent than rat in shot TEXT: Analgesia: buprenorphine 1-1.2 mg/kg s.c.

3. Doxorubicin Intravenous Administration

3.1. For intravenous doxorubicin administration, after anesthesia confirmation [1], use careful dissection to visualize the right or left jugular vein [2] and insert the needle into the overlying muscle tissue [3].

3.1.1. WIDE: Talent pinching toe Videographer: More Talent than rat in shot 
3.1.2. Incision being made Videographer: Important step
3.1.3. Needle being inserted Videographer: Important step

3.2. Direct the needle toward the head into the jugular vein lumen as it is visualized in the jugular vein anterior to the pectoralis muscle [1] and draw a small volume of blood into the needle tip to confirm an accurate insertion [2].

3.2.1. Needle being directed toward head Videographer: Important step
3.2.2. [bookmark: _Hlk51247236]Blood being drawn into syringe Videographer: Important step

3.3. When the needle is in place, slowly inject 100-150 microliters of 2 milligram/kilogram doxorubicin over 1 minute. The solution should be visible within the vein during the delivery [1].

3.3.1. Doxorubicin being delivered/shot of solution in vein TEXT: Inject normal saline into control animals

3.4. When all of the solution has been delivered, use sterile gauze to apply gentle pressure to the vein [1] and use 3-4 wound clips to close the incision [2-TXT].

3.4.1. Pressure being applied
3.4.2. Clip(s) being placed TEXT: Remove clips 7-10 d post injection

4. Hind Limb Amputation 

4.1. After confirming sedation [1], remove the hair on the right leg up to the ventral and the dorsal lower abdomen [2] and place the rat in the supine position on a heating pad [3-TXT].

4.1.1. WIDE: Talent pinching toe Videographer: More Talent than rat in shot 
4.1.2. Hair being removed
4.1.3. Talent placing rat into position Videographer: More Talent than rat in shot TEXT: Monitor respiration and body temperature throughout procedure

4.2. Scrub the skin from middle of the calf to just above the hip joint of the right lower abdomen as demonstrated [1] and apply ointment to the animal’s eyes [2].

4.2.1. Skin being scrubbed, with ethanol and antiseptic containers visible in frame
4.2.2. ECU: Ointment being applied

4.3. Using sterile gloves and instruments, pull the leg through the vent of a sterile surgical drape [1] and make a circumferential, cutaneous incision just proximal to the stifle [2].

4.3.1. Leg being pulled through vent
4.3.2. Incision being made

4.4. Deglove the hind limb to expose the femoral artery and vein on the ventral-medial surface of the hind limb [1] and use 4-0 absorbable sutures to ligate the vessels at the level of the mid-femur and transect distally [2].

4.4.1. Limb being degloved
4.4.2. Vessel(s) being ligated

4.5. Clamp the vein distally to reduce leakage during muscle dissection [1] and use blunt dissection to abduct the hip joint with lateral outward rotation [2].

4.5.1. Vein being clamped Videographer: Important/difficult step
4.5.2. Joint being dissected Videographer: Important/difficult step

4.6. Locate and disarticulate the head of the femur from the acetabulum [1] and remove any remaining tissue keeping the leg attached to the body [2].

4.6.1. Femur being disconnected Videographer: Important/difficult step
4.6.2. Tissue being removed Videographer: Important/difficult step

4.7. Administer a splash block to the acetabulum and sciatic nerve with approximately 6 milligrams/kilogram of ropivacaine [1] and use a simple, interrupted, 4-0 absorbable suture to close the musculature over the acetabulum [2].

4.7.1. Ropivacaine being administered
4.7.2. Muscle being sutured

4.8. Then use wound clips placed 5-10 millimeters to close the edges of the skin [1].

4.8.1. Clip(s) being placed




Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
2.3., 2.5., 3.1., 3.2., 4.5., 4.6.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
[bookmark: _Hlk62562430]4.5., 4.6. The surgeon needs to know how to manipulate coxofemoral joint to resect it free. It is necessary to practice disarticulation when doing necropsies on similar aged rats to learn the mechanics of the procedure.


Results
5. Results: Representative Rat OS Imaging and Analysis

5.1. X-ray imaging for tumor surveillance [1] allows the confirmation of bone tumor invasion [2] and can be performed on recently amputated or formalin fixed limbs [3].

5.1.1. LAB MEDIA: Figure 3
5.1.2. LAB MEDIA: Figure 3 Video Editor: please emphasize arrows/regions indicated by arrows
5.1.3. LAB MEDIA: Figure 3

5.2. X-ray imaging [1] also permits evaluation of the radiographic morphology of the lungs with [2] and without metastases [3], providing a quick and easy method for determining the need for euthanasia to prevent unnecessary spontaneous deaths [4].

5.2.1. LAB MEDIA: Figures 4A and 4B
5.2.2. LAB MEDIA: Figures 4A and 4B Video Editor: please emphasize Figure 4B
5.2.3. LAB MEDIA: Figures 4A and 4B Video Editor: please emphasize Figure 4A
5.2.4. LAB MEDIA: Figures 4A and 4B

5.3. In the rat osteosarcoma [1], both osteolytic [2] and osteoblastic tumor morphology can be confirmed by histopathology of the amputated limb [3].

5.3.1. LAB MEDIA: Figures 5 and 6
5.3.2. LAB MEDIA: Figures 5 and 6 Video Editor: please emphasize Figures 5C and 6A
5.3.3. LAB MEDIA: Figures 5 and 6 Video Editor: please emphasize Figures 6A and 6C

5.4. Note that the cortical bone is absent in this example [1] and that the adjacent bone has been replaced with or fortified by new woven bone that is oriented perpendicular to the existing shaft of the cortex [2].

5.4.1. LAB MEDIA: Figures 5 and 6
5.4.2. LAB MEDIA: Figures 5 and 6 Video Editor: please emphasize bone in bottom of Figure 6A

5.5. Islands of immature osteoid can also be identified within the tumor [1].

5.5.1. LAB MEDIA: Figures Video Editor: please emphasize Figure 6C

5.6. In these images, the microscopic morphology of representative lung metastases [1], some with mineralized bone [2] and tumor vascular emboli, can be observed [3].

5.6.1. LAB MEDIA: Figure 7
5.6.2. LAB MEDIA: Figure 7 Video Editor: please emphasize bone in bottom right of Figure 7C and Figure 7D image
5.6.3. LAB MEDIA: Figure 7 Video Editor: please emphasize black spaces in Figure 7B

5.7. Immunostaining of primary osteosarcoma tumors [1] can reveal infiltration of the tumors by immune cell populations, such as CD68-positive macrophages [2] or CD3-positive T cells [3].

5.7.1. LAB MEDIA: Figure 8
5.7.2. LAB MEDIA: Figure 8 Video Editor: please emphasize brown staining Figure 8A
5.7.3. LAB MEDIA: Figure 8 Video Editor: please emphasize brown staining Figure 8B

5.8. Western blotting of tumor cell protein lysates [1] can be used to determine the expression of protein kinases, protein kinase receptors [2], and other proteins that interact with these pathways [3].

5.8.1. LAB MEDIA: Figure 9
5.8.2. LAB MEDIA: Figure 9 Video Editor: please emphasize ERBB2, ERBB4, ERK1/2, and AKT bands
5.8.3. LAB MEDIA: Figure 9 Video Editor: please emphasize EGFR and beta2-AR bands






Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Kathy Gabrielson: For the tibial implantation, once the first tibial hole has been made, continue to hold the leg in your non-dominant hand at the same angle to keep the skin and bone holes lined up to make the Hamilton needle insertion easier [1]. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.5.2.)

6.2. Kathy Gabrielson: For the jugular injection, insert needle into the muscle but do not angle the needle too much to avoid missing the vein. For the amputation, practice the disarticulation on euthanized rats first [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (3.2.1., 4.6.1.)
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