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Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)  We would like to show some usage of software, but not in a detailed way
C.  Location: Will the filming need to take place in multiple locations? (Y/N) 

If yes, how far apart are the locations? Yes, max 15 minutes walking
D. Surgery: Does your protocol involve a surgery that during which there will be very little opportunity for our videographer to pause the action so that we can briefly introduce cue cards?  (Y/N)

The protocol involves surgery; however there will be some opportunity to pause the action.

E.  Which steps of your protocol will viewers benefit most from having filmed? 

2.6, 2.7, 3.6, 3.7, 4.3, 4.5
F.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
2.6: Proceed slowly and avoid disturbing the EV pellet for instance by moving the ultracentrifuge tube;

3.7: Immobilize the mouse leg and make sure the incision is large enough and that the bone is clearly visible.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experimental procedure is to develop a preclinical mouse model to study the role of extracellular vesicle-mediated communication between tumor and mesenchymal stem cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rubina Baglio: This method can help answer several key questions in the cancer biology field as to how tumor and mesenchymal stem cells communicate by means of extracellular vesicles and whether this supports tumor progression.
1.2. Tonny Lagerweij: The main advantage of this technique is that it allows us to study the specific effects of mesenchymal stem cell education by cancer EVs on tumor growth and metastasis formation in vivo. 
1.3. Manon Mulders: The implications of this procedure extend toward therapy of cancer, because we can use the assay to interfere with the EV communication and downstream signaling to inhibit cancer progression.

1.4. Maria Pérez-Lanzón: Besides providing insights into the EV-mediated crosstalk in osteosarcoma, this method can be applied to many other cancer types. Indeed, bone marrow-derived mesenchymal stem cells are readily recruited to tumors where they differentiate into cancer-supporting cells.
E.  Ethics title card: 
Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the VU University medical center. For ethical reasons, all procedures involving animals were performed on a euthanized mouse. 
Protocol: (read by voice talent at JoVE)
2. Isolation of Tumor-Secreted Extracellular Vesicles (EVs)
2.1. Begin by seeding eight 175-square-cm flasks with three million 143B cells each.  [1.MED] Culture the cells using EV-depleted medium for 36 to 48 hours. [2.WID] When the cells are 80 to 90% confluent, collect the supernatants from the eight flasks for EV-isolation. [3.MED]
2.1.1. Loading flasks with cells in medium, TEXT: 28 mL / flask
2.1.2. Transferring loaded flasks to an incubator
2.1.3. Collecting supernatant from flasks with confluent cell layers
2.2. Next, use differential centrifugation to remove all of the cells and cell debris [1.MED-TXT] from the supernatant.  This consists of repeated centrifugations at 4 ºC [2.CU] with maximum acceleration and deceleration, collecting the supernatant each time. [3.MED]
2.2.1. Loading the tubes into a centrifuge, TEXT: 1st cycle: 500 x g, 10 min, 4 ºC Video editor: Use take two 
2.2.2. Removing the supernatant from tube, leaving behind 1 mL of solution
2.2.3. Loading new tubes with supernatants
2.3. Begin with two centrifugations at 500 G for 10 minutes each.  [1.MED-TXT] Then, use two centrifugations at 2000 G for 15 minutes each.   [2.MED] Finally, perform two centrifugations at 10 thousand G for 30 minutes each.  After each centrifugation, leave behind about 1 mL of supernatant. [3.WID-TXT]
2.3.1. Loading the tubes into a centrifuge, TEXT: 2nd cycle: 500 x g, 10 min, 4 ºC
2.3.2. Taking supernatant from tube and adding it to a new tube, then loading that tube into centrifuge, TEXT: 3rd & 4th cycle: 2,000 x g, 15 min, 4 ºC
2.3.3. Unloading centrifuge, collecting the supernatant and transferring the supernatant to a new tube. TEXT: 5th & 6th cycle: 10,000 x g, 30 min, 4 ºC
2.4. Now, load a pre-cleared supernatant into ultra-centrifuge tubes, at 38.5 mL per tube. [1.MED-TXT] Then isolate the EVs using an ultra-centrifuge at [2.MED] 70 thousand G for 1 hour with a slow brake and at 4 °C. [3.CU-TXT]
2.4.1. Loading solution into ultra-centrifuge tubes, TEXT: Optionally, store the preparation at -80 ºC before proceeding.
2.4.2. Loading tubes into ultra-centrifuge
2.4.3. Programming and starting the ultracentrifuge cycle, TEXT: 70,000 x g, 1 h, 4 ºC, slow brake
2.5. After the ultracentrifugation, carefully remove the supernatant, leaving behind about 1 mL. [1.ECU] Then, resuspend the EV-containing pellets in the remaining volume, pool all the suspensions [2.CU], and wash the pooled suspensions with PBS: fill the tube to 38.5 mL. [3.MED]
2.5.1. Removing the supernatant from the tube, leaving 1 mL behind
2.5.2. Mixing pellet into the 1 mL, then adding additional volumes of 1 mL to the tube (pooling)
2.5.3. Loading the tube with PBS
2.6. Then, repeat the ultracentrifugation cycle, but use no brake - the rotor should stop spinning after about an hour.  [1.WID-TXT] Next, carefully remove the supernatant without disturbing the pellet and leave 100 to 200 µL of solution. [2.ECU]
2.6.1. Loading the ultracentrifuge, programming cycle, starting cycle, TEXT: 70,000 x g, 1 h, 4 ºC, no brake Video editor: Use take 1 1/2
2.6.2. Detailed view of tube content as most of the supernatant is removed leaving about 150 µL of solution
2.7. Finally, re-suspend the EV-pellet and adjust the final volume to 200 µL with PBS. [1.ECU-TXT] The EVs can then be characterized by TEM, labeled with dyes for uptake experiments [2.WID-TXT] or used to educate mesenchymal stem cells for in vivo experiments. [3.MED-TXT]
2.7.1. Mixing the pellet into solution with pipette and transferring adjusted exosome prep to an eppendorf tube. TEXT: Store at -80 ºC ≤ 180 d
2.7.2. Any representative action of preparing for TEM or labeling the EVs, TEXT: See the text protocol for details.  
2.7.3. Talent loading EVs onto plates of cells or a similar representative action, TEXT: See the text protocol for details.  
2.8. Zaria Andrade de Ramos: It is crucial that the primary MSCs are at the right cell density before exposure to cancer EVs. The cells should be 70% confluent to achieve optimal cell/EV ratio and to prevent overgrowth during the education period. [1.MED/WID-TXT]
2.8.1. Interview with Zaria in front of the tissue-culture hood, TEXT: mesenchymal stem cell (MSC)
3. Generation of an Orthotopic Xenograft Mouse Model of Osteosarcoma.
3.1. This experiment uses acclimated, adult Athymic Nude-Fox-N-1-“new” mice. [1.WID-TXT] One day before the surgical procedure provide paracetamol via the drinking water. [2.MED] 
3.1.1. Talent in room with caged mice, adding paracetamol to drinking water bottle TEXT: All steps are performed on a euthanized mouse. 
3.1.2. Removes the drinking water bottle from cage of mice and replaces it with bottle that is labeled “paracetamol”
3.2. On the day of the surgery, prepare 143B cells at 200 thousand per µL in PBS. [1.MED-TXT]
3.2.1. Adding PBS to cell pellet in tube, mixing and putting tube on ice, TEXT: 300 x g, 10 min; store on ice ≤ 6 h
3.3. Twenty minutes before the surgery, provide the animal with buprenofine. [1.CU-TXT] Just before anesthesia, load a 10-µL syringe with the concentrated 143B cells. [2.MED-TXT]
3.3.1. Preparing the syringe with buprenofine, TEXT: 0.05 mg Bup / kg, in 0.9% saline, subcutaneous
3.3.2. Loading syringe with cells, TEXT: ≥ 1 µL
3.4. After confirming proper anesthesia and applying eye ointment, [1.ECU] position the animal on it’s back with its rear legs towards the operator.  [2.CU] Next, secure an anesthesia mask to the animal.  [3.ECU]
3.4.1. Performing toe pinch
3.4.2. Positioning the animal for surgery
3.4.3. Attaching nose cone to animal
3.5. Then, flex the left knee and wipe the skin with three alternating scrubs of 70% ethanol and providone iodine, and, then, apply 2% lidocaine as a local analgesic. [1.ECU]
3.5.1. Cleaning the skin and applying lidocaine
3.6. Now, make a small incision into the skin just below the knee to expose the tibia. Then, using a 0.8 mm micro twist drill, make a pinhole in the tibia, approximately 2 mm below the knee. Avoid drilling through both tibia cortices. [1.ECU]
3.6.1. Making incision and drilling as described
3.7. Proceed by slowly injecting 1 µL of cells into the hole over about five seconds.  Then, close the hole with a droplet of tissue glue to prevent backflow of the suspension. Complete the surgery by closing the skin with sutures and one drop of tissue glue. [1.ECU]
3.7.1. Injecting the cells into hole and applying glue, as described, then, closing skin with sutures and glue
3.8. Allow the animal to recover with heating and treat it with paracetamol for 24 hours.  [1.MED] Two days later, use a 0.5-mL insulin syringe to inject the MSCs into the tail vein.  [2.ECU-TXT]
3.8.1. Transferring mouse to recovery cage
3.8.2. Injecting the tail vein with cells, TEXT: 106 cells in 100 µL PBS
3.9. Tonny Lagerweij, Correct administration during a tail-vein injection can be visually confirmed: if a white area appears on the tail or resistance is encountered during the injection, inject again at a new site above the first injection site. [1.MED/WID]
3.9.1. Interview at bench
3.10. Then, twice per week, follow the tumor growth using bioluminescence. [1.MED] Inject the mice with D-luciferin via an insulin syringe and [2.CU-TXT] 10 minutes later, measure the photon-flux generated from the tumor cells using an imaging system. [3.MED]
3.10.1. Loading the insulin syringe with D-luciferin
3.10.2. Injecting the mouse with D-luciferin, TEXT: 150 µL, 30 mg D-luciferin / mL, intraperitoneal
3.10.3. Setting up the mouse on the imaging system and collecting image
4. Assessment of Lung Nodule Number 
4.1. When an animal’s tumor diameter becomes greater than 15 mm or its weight loss exceeds 15%, [1.WID] euthanize the animal and collect all the relevant tissues. [2.MED]
4.1.1. Using calipers to measure the size of a tumor on a mouse, taking note in logbook
4.1.2. Weighing a mouse and noting its mass in logbook
4.2. Ten min before euthanization, inject D-luciferin, as done prior to imaging. [1.MED-TXT]
4.2.1. Preparing the syringe with D-luciferin, TEXT: 150 µL, 30 mg D-luciferin / mL, intraperitoneal
4.3. After euthanasia, collect the lungs, liver, spleen and kidneys using sterilized scissors and tweezers. [1.CU] Wash the blood from the organs using PBS and arrange them on a Petri dish for imaging. [2.CU]
4.3.1. Harvesting organs from mouse and placing on dish
4.3.2. Rinsing the organs clean and arranging them onto a clean dish
4.4. Using a bioluminescence imaging system, document both sides of the organs.  [1.MED] Once images are taken, immediately fix the organs for future histological analysis. [2.CU-TXT]
4.4.1. Talent at imaging system, showing organs on screens being documented
4.4.2. Removing organs from imaging system and adding fixative to organs, TEXT: 4% formalin, RT, 24 - 72 h
4.5. To process the photodocuments, [1.MED] simply apply manual thresholding and count the number of nodules in each photo. Be certain to use the same threshold for each photo and to document the tissues from every direction, especially the lungs. [2.SCREEN]
4.5.1. Establish talent at computer loading images into software
4.5.2. Screen capture of testing out threshold to find and good one and then applying this threshold to several photos of documented organs
5. Histological Analysis of GFP-positive MSCs in Mouse Tibias
5.1. Begin with decalcifying the harvested tibias by submerging them in EDTA. [1.MED-TXT] Refresh the EDTA every other day until the bones become flexible – this usually takes a week.   [2.CU]
5.1.1. Submerging tibias in EDTA, TEXT: 0.24 M ethylenediaminetetraacetic acid (EDTA), pH 7.2 - 7.4, RT
5.1.2. Changing the solution the bones are bathing in, then picking up a tibia and checking it for flexibility 
5.2. Place the tibias in the cassettes and proceed with dehydration and paraffin embedding.
5.2.1. Pouring an ethanol bath, then passing bones out of a different bath and into the newly poured bath 
5.2.2. Pouring a xylene bath, then adding bones to the bath
5.2.3. Place the tibia in the tissue cassette. Setting up bones with paraffin on blocks for histology
5.2.4. Show paraffin blocks

5.3. Then, use a microtome to prepare 6-micron paraffin sections [1.CU] and collect the sections on glass slides.  [2.ECU] Once the slides have dried, store them overnight at room temperature. [3.CU]
5.3.1. Slicing tissue block using microtome
5.3.2. Collecting slices onto slide
5.3.3. Transferring dried slides, on heat block, into slide storage container
5.4. The next day, perform a heat-mediated antigen retrieval using citrate buffer. [1.MED]  Then, stain the tissues with anti-GFP antibody at 1-to-900 [2.MED] and follow with a DAPI counterstain. [3.CU]
5.4.1. Any representative action of a heat-mediated antigen retrieval
5.4.2. Setting up the primary-antibody bath, submerging slides into bath
5.4.3. Setting up the DAPI stain bath, submerging slides into bath TEXT: 4',6-diamidino-2-phenylindole (DAPI). 
5.5. Finally, document the stained tissue sections using fluorescence microscopy. [1.WID]
5.5.1. Talent working a fluorescent microscope to take images of stained sections
6. Results: Analysis of Mice Injected with EV-educated MSCs 
6.1. The purity of isolated EVs, was confirmed by electron microscopy.  The preparations contained vesicles between 40 and 100 nanometers in diameter. [1.LM]
6.1.1. Figure 2A – no altercations
6.2. To assess whether cancer EVs interact with MSCs, the EVs were labeled with a green-fluorescent lipophilic linker dye [1.LM] and incubated overnight with MSCs.  Efficient EV uptake by MSCs was thus confirmed. [2.LM]
6.2.1. Figure 2B – no altercations
6.2.2. Fig 2C – no altercations
6.3. An immunomodulatory property of EVs on MSCs was confirmed using a multiplex bead-based cytokine immunoassay. Tumor EVs had increased IL-8 and IL-6 production compared with human fibroblast control EVs. [1.LM]
6.3.1. Fig 2D – at “Tumor EVs had increased” highlight the two green blobs in the IL-8 and IL-6 rows of the bottom graph
6.4. Next, in an orthotopic xenograft mouse model of osteosarcoma, mice treated with EV-educated MSCs were shown to have accelerated tumor growth. [1.LM]
6.4.1. Fig 4, all of it
6.5. Four days after systemic injection of GFP-expressing MSCs, GFP-expressing cells were detected in the bone marrow [1.LM] and in the tumor tissue, demonstrating MSC homing to the tumor site. [2.LM]
6.5.1. Fig 4B – add the following text above the image: GFP+ MSC
6.5.2. Fig 4C – add the following text above the image: GFP+ MSC
6.6. Ex vivo imaging of various organs highlighted lung nodule formation. [1.LM] Ultimately, mice receiving EV-educated MSCs had more lung metastases. [2.LM]
6.6.1. Fig 4D, E, F – show this as column of images with the scale on the right, just remove the D, E, and F 
6.6.2. Fig 4G – nothing to change
7. Conclusion (said by authors on camera)

7.1. Rubina Baglio: After watching this video, you should have a good understanding of how to ‘educate’ stromal cells with tumor EVs ex-vivo and study the effects of educated stromal cells in vivo using pre-clinical mouse models. 

7.2. Tonny Lagerweij: Once mastered, this experimental procedure can be performed in four weeks, provided that enough purified cancer EVs are available.

7.3. Maria Perez Lanzon: While attempting this procedure, it is important to remember to plan ahead and get reproducible purification of cancer EVs.  Also, make sure to use low passage proliferating mesenchymal stem cells.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
Figures 2-4, as specified in the result section.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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