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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____No____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.  If you are providing screen capture files, please submit them at the time you send your edited script back to the scriptwriter so they can be integrated into the shotlist.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.5, 2.6, 2.7, 2.8, 3.9, 3.10
D.  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.) _2.6 and 3.9, Success follows practice 
E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? _200 feet (across a parking lot).  But I am currently working on having everything filmed in the same location. 



1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of these experiments is to efficiently generate and inject therapeutic spherical aggregates or ‘spheroids’ of mesenchymal stem/stromal cells, or MSCs primed under xeno-free conditions in experimental and clinical applications. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Thomas Bartosh: These methods can help overcome major barriers in the field of MSC therapeutics, such as poor cell retention, survival, and function, following transplantation of dispersed MSCs into adverse conditions commonly associated with tissue injury. 
1.2. Thomas Bartosh: The main advantage of these procedures is that the MSC spheroids are prepared, primed and injected in the absence of xenogeneic animal products such as FBS, which currently limits clinical applications of the cells and confounds interpretation of preclinical data.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Joni Ylostalo: Though this method can potentially augment the efficacy of MSC-based therapies, it can also be adopted for understanding mechanisms of MSC-mediated tissue repair or for assessing the effects of other media formulations on therapeutic gene expression.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Thomas Bartosh: Demonstrating the procedures will be Joshua Beaver [2] and Bret Clough [3], technicians from my laboratory.  
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician looks up from workbench or desk or microscope and acknowledges the camera.
1.4.3. The named technician looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Texas A&M University Health Science Center and Baylor Scott & White Health.



Protocol (read by voice talent at JoVE):


2. MSC Expansion and Preparation of Activated MSC Spheroids in 3-D Hanging Drop Cultures
2.1. After seeding and incubating mesenchymal stem cells according to the text protocol [1-WIDE], use trypsin/EDTA to harvest the cells. Following centrifugation of harvested cells at 450 x g, combine all the cells into a single conical tube [2-CU] with the appropriate medium [3-CU-TXT].  
2.1.1. Talent removes cells from incubator, Also get multiple takes of talent placing cells into incubator to be used later
2.1.2. Talent pipettes cells from flask or plate with trypsin in background, and transfers cells into conical tubes.
2.1.3. Talent combines cells into a single conical tube using the appropriate medium. TEXT: Note: XFM1 + HSA are used here
2.2. Centrifuge the cells [1-WIDE/MED-TXT] and resuspend the pellet in a small volume of medium [2-CU-TXT].
2.2.1. Talent places cells into centrifuge and sets speed and time (TEXT: 450 x g, RT, 10 min)
2.2.2. Talent resuspends pellet in small volume of medium (TEXT: Refer to text protocol for medium) 
2.3. Then after counting the cells, to generate spheroids of approximately 25,000 cells, dilute the harvested MSCs in one of the following medias at 714 cells/L [1-CU-TXT].
2.3.1. Talent places hemocytometer onto bench (as if cells were just counted) and pipettes up medium and adds to cells to dilute (TEXT: CCM, XFM-1, XFM-1 + HSA (13 mg/mL), XFM-2, or XFM-2 + HSA (13 mg/mL)) 
2.4. Next, pipette 35 L drops of the cells onto the underside of a 150 mm inverted culture dish lid [1-CU/ECU-TXT].
2.4.1. Talent pipettes drops of cells onto underside of lid (TEXT: Use a multi-channel pipette for multiple drops) All shots in 2.4 and 2.4 were combined, as they needed to be carried out quickly. Slated as 2.4.1
2.5. Transfer 20 ml of room temperature PBS into the base of the dish [1-CU] and in one continuous steady motion, flip the lid containing the drops [2-CU] so that the drop apices face downward [3-ECU].  Then carefully place the lid on the base of the culture dish [4-CU].
2.5.1. Talent transfers RT PBS to base of dish see above
2.5.2. Talent flips lid containing drops
2.5.3. Shot of drops facing downwards (LAB MEDIA Figure 3B, if can’t be filmed)
2.5.4. Talent carefully places lid on base of dish
2.6. Transfer the dish to the incubator for 3 days without disturbing it to permit appropriate sphere assembly [1-WIDE].
2.6.1. Talent places dish into incubator, See 2.1.1
2.7. Following the incubation, begin spheroid harvest by carefully removing the lid and inverting it so that the drops again face upward [1-CU].  Then angle the lid to approximately 10-20 degrees and use a cell lifter to push the drops containing the spheroids to the edge of the plate [2-CU].  
2.7.1. Talent carefully removes lid and inverts it combined with 2.7.2 (note, can also be used for 2.11 if needed)
2.7.2. Talent angles lid and uses a cell lifter to push drops to edge of plate
2.8. Using a 1 ml pipette, transfer the spheres and medium into a 15 ml conical tube [1-CU] and use room temperature PBS and the same pipette tip to wash the plate to ensure maximum recovery of spheroids [2-CU].
2.8.1. Talent transfers spheres and medium to conical tube Author note: “Please note that step 2.8.1 is reproduced in step 2.11. The video up to this point can be repeated in step 2.11.”
2.8.2. Talent washes plate with PBS
2.9. For real time PCR assays, centrifuge the sphere suspension at 450 x g and room temperature for 5 minutes [1-WIDE/MED], then aspirate the supernatant [2-CU].  With PBS, wash the spheroids [3-CU] and repeat both the centrifugation and aspiration steps [4-WIDE/MED].
2.9.1. Talent places suspension into centrifuge and sets speed and time, Get multiple takes to be used later.
2.9.2. Talent aspirates the supernatant and adds PBS to wash the spheroids combined with 2.9.3
2.9.3. Talent adds PBS to wash spheroids
2.9.4. Talent places spheroids into centrifuge again (See 2.9.1)
2.10. For delivery into animals, allow the spheres to settle to the bottom of the tube without centrifugation [1-CU/ECU-TXT].
2.10.1. Talent finishes adding PBS and sets tube in rack and spheres are seen settling to bottom of tube (TEXT: ~3 – 4 min)
2.11. [bookmark: _GoBack]To collect conditioned medium, or CM for assays of immunomodulatory and anti-cancer potential, using a cell lifter and pipette as just demonstrated, harvest the spheroids [1-CU] and CM medium into a 15 ml conical tube, however, do not wash the lids with PBS [2-CU]. Author note: “This is the same procedure as 2.7 and 2.8.1. The procedure was not repeated here. The voice talent could read this line along with the first part of 2.8. Otherwise, the video in 2.7 and 2.8.1, at least in part can be repeated here. (Note: this is the step prior to PBS wash in 2.8.2)” – sorry, this is not clear to me without seeing footage. I will have the VO recorded for this step anyway, and once footage is in it can be either cut or covered with previous video. 
2.11.1. Talent uses a cell lifter and pipette to harvest spheroids
2.11.2. Talent transfers cells and medium into tube
2.12. Following centrifugation at 450 x g for 5-10 min, transfer the supernatant into 1.5 ml tubes. Centrifuge the supernatant at 10,000 x g and room temperature for 5 – 10 minutes [1-MED] then use a pipette to carefully collect the clarified CM into new 1.5 ml tubes for storage at -80 C [2-CU-TXT].
2.12.1. Talent places supernatant into centrifuge and sets speed and time (Not filmed, use 2.9.1)
2.12.2. Talent collects clarified CM into new 1.5 ml tubes (TEXT: Prepare aliquots of CM for multiple assays prior to freezing)
3. Intraperitoneal Delivery of Intact Spheroids
3.1. After preparing spheroids as just demonstrated in this video and waiting 3-4 min for them to settle to the bottom of the tube, aspirate the supernatant and wash the spheroids by adding HBSS supplemented with 0.2 – 0.5% HSA to maintain xeno-free conditions [1-CU-TXT]. 
3.1.1. Talent resuspends spheres in HBSS/HSA (TEXT: 3-4 min; Prepare one tube for each animal and additional assays)
3.2. Transfer 40-120 spheroids into 15-mL conical tubes [1-CU-TXT] and wash the cells by adding 6 mL of HBSS/HSA to the samples [2-CU]. Allow 3-4 min for the spheres to descend [3-CU].
3.2.1. Talent transfers spheres into 15 ml tubes (TEXT: Prepare one tube for each animal and additional assays)
3.2.2. Talent adds HBSS/HSA to tubes to wash spheres 
3.2.3. Talent sets tubes in rack and spheres settle to bottom of tubes
3.3. Next, aspirate the supernatant [1-CU], overlay the spheroids with 100-200 L of sterile HBSS/HSA, and place the tubes on ice [2-CU].
3.3.1. Talent aspirates supernatant combined with 3.3.2
3.3.2. Talent resuspends spheroids and places tubes on ice 
3.4. After anesthetizing the mouse according to the text protocol, place the animal inside the BSL-2 cabinet, dorsal aspect down [1-MED/CU], and use 70% ethanol to disinfect the lower mouse abdomen [2-CU].
3.4.1. Talent takes a seat at the hood with animal already prepared for the procedure.
3.4.2. Talent uses 70% ethanol to disinfect lower abdomen  
3.5. Remove the cap of a 20G intravenous catheter [1-CU] and while holding the mouse skin with one hand [2-CU], locate the middle of an artificial line connecting a flexed knee joint and the genital area and with the needle tip of the catheter/stiletto assembly pointing towards the midline, use the other hand to perform an intraperitoneal injection [3-CU/ECU-TXT].
3.5.1. Talent removes cap from catheter combined with 3.5.2 and 3.5.3
3.5.2. Talent holds mouse skin with one hand
3.5.3. Talent uses catheter-stiletto to locate the line connecting flexed knee joint and genital area with needle tip pointing toward midline (TEXT: Hold the plastic catheter in an upright position during the injections to permit fluid flow)
3.6. Gently remove the metal stiletto/needle from the catheter-stiletto assembly [1-CU], check the stiletto for blood, urine, and feces and discard it [2-MED/CU-TXT].
3.6.1. Talent gently removes stiletto/needle from assembly combined with 3.6.2
3.6.2. Talent checks for blood, urine, and feces and discards needle (TEXT: Blood on needle indicates puncture of internal organs)
3.7. Confirm proper placement of the plastic catheter by inserting a 100 – 200 L pipette tip with 100 L of sterile HBSS/HSA into the catheter syringe adapter, forming a tight seal [1-CU].   Then slowly inject the fluid inside the peritoneal cavity [2-CU-TXT].
3.7.1. Talent inserts pipette tip with HBSS/HAS into catheter syringe adapter to form a tight seal (TEXT:  Refer to text protocol for additional details) combined with 3.7.2
3.7.2. Talent slowly injects fluid into peritoneal cavity
3.8. With a 100 – 200 L pipette tip, collect the MSC spheroids in HBSS/HSA [1-CU] and transfer the entire volume into the peritoneal cavity through the catheter as just demonstrated [2-CU-TXT].
3.8.1. Talent collects MSC spheroids in HBSS/HAS combined with 3.8.2
3.8.2. Talent transfers entire volume into peritoneal cavity through catheter (TEXT: 40 – 120 Spheres)

3.9. Next, with 100 L of HBSS/HSA, wash the tube containing the spheres [1-CU] and transfer the entire volume of spheres into the peritoneal cavity [2-CU].  [3-CU].
3.9.1. Talent washes tube of spheres with HBSS/HAS combined with 3.9.2
3.9.2. Talent injects entire volume of wash with spheres into cavity
3.9.3. Talent injects additional buffer into peritoneal cavity
3.10. Place a gauze pad soaked in antiseptic over the catheter and slowly remove the catheter from the peritoneal cavity and discard it.  Inspect the catheter for any remaining spheroids. Then gently massage the peritoneal cavity with the fingers to ensure even distribution of the spheroids [1-CU-TXT][2-CU].
3.10.1. Talent places antiseptic soaked gauze over catheter and slowly removes catheter from cavity then discards it. Talent inspects catheter for remaining spheres. Talent gently massages cavity with fingers. TEXT: Allow animal to recover under close supervision; watch for bleeding from injection site. 
3.11.  [1-MED/CU].  Inspect the catheter and 15 ml tube for any remaining spheroids [2-CU/ECU-TXT].
3.11.1. Not filmed
3.11.2. Talent inspects catheter and tube for remaining spheroids (TEXT: Normal to see a few spheroids in catheter/tube)
3.12. Immediately after delivering spheroids in the mice, evaluate the activation level of spheroids prepared for injections by transferring 40 – 120 spheres through the catheter into a 12- or 6-well plate containing 1 to 2 ml of MEM supplemented with 2% FBS and 1x penicillin/streptomycin [1-CU-TXT].
3.12.1. Talent transfers 40- 120 spheres through catheter into 12 or 6-well plate containing 1 to 2 ml of medium (TEXT: Refer to text protocol for details) (Not  indicated in protocol, but may want to add incubation temperature to text note.)
3.13. Six hours later, transfer the medium from the wells into 1.5 or 15 ml tubes [1-CU] and centrifuge the tubes at 450 x g and room temperature for 5 minutes [2-MED].
3.13.1. Talent transfers medium from wells into tubes
3.13.2. Talent places tubes into centrifuge and sets speed and time, Also see 2.9.1
3.14. Finally, transfer the clarified CM into new 1.5 ml tubes [1-CU] and use a commercial ELISA kit according to the text protocol to assay for PGE2 concentration [2-LM]. 
3.14.1. Talent transfers clarified CM into new tubes
3.14.2. LAB MEDIA Figure 4C

4. Results: Spheroids Produced using MSC Hanging Drop Cultures 


4.1. As seen here, when approximately 25,000 MSCs are suspended in 35 µl drops of CCM, the cells first assemble into small aggregates that eventually coalesce to generate a single compact sphere at 72 hours in the apex of the drop [1-LM].
4.1.1. LAB MEDIA Figure 3C, Editor, bring in the panels one at a time from 0 to 72 hours.

4.2. This figure demonstrates that the formation of single compact spheres in XFM-1 requires supplementation with 13 mg/mL HSA, a concentration that reflects the estimated total protein content in CCM [1-LM].
4.2.1. LAB MEDIA Figure 3D, Editor, zoom in slightly on the two middle panels for XFM-1 and point out the single sphere in the bottom panel when mentioned.

4.3. During sphere assembly, the MSC phenotype changes radically, and when in the appropriate chemically-defined xeno-free medium, expression of numerous anti-inflammatory factors, including PGE2 and TSG6, is upregulated [1-LM].
4.3.1. LAB MEDIA Figure 4C, Editor, point out the MEM + FBS and XFM-1 + HSA columns in both graphs here.

4.4. However, production of TSG6 and PGE2 is not markedly augmented in MSCs cultured as spheres in XFM-2 or XFM-1 without HSA [1-LM].
4.4.1. LAB MEDIA Figure 4C, Editor, point out the XFM-2 or XFM-1 columns that have short bars in each graph when mentioned.

4.5. Finally, similar to the in vitro effects, XFM-1/HSA spheres injected into the peritoneal cavity of mice, immediately following induction of systemic inflammation by iv administration of LPS, enhanced PGE2 and IL-10 levels in the peritoneum while decreasing pro-inflammatory TNFα [1-LM].
4.5.1. LAB MEDIA Figure 6J, Editor, point out the ‘Spheres’ column in PGE2 and IL-10 when mentioned and then the reduced ‘Spheres’ column in the TNF graph when mentioned.


5. Conclusion (said by authors on camera)

5.1. Thomas Bartosh: Once mastered, each plate of hanging drop cultures can be prepared in 1-2 min, and intraperitoneal delivery of intact MSC spheroids can be completed in 5-10 min per animal, if performed properly.
5.2. Thomas Bartosh: When producing MSC spheroids using the hanging drop technique, it’s important to remember that different xeno-free media formulations are not created equal in permitting sphere formation and enhancing expression of therapeutic genes.
5.3. Joni Ylostalo: Following this procedure, other methods like confocal microscopy can be performed in order to answer additional questions like how are MSCs organized in the spheroids or what are additional cell signaling pathways activated in MSCs residing in different parts of the spheroid.
5.4. Joni Ylostalo: After its development, this technique paved the way for researchers in the field of MSC biology to explore other 3D culture conditions and their effects on MSC characteristics and priming.
5.5. Thomas Bartosh: After watching this video, you should have a good understanding of how to prime MSCs as spheroids using the hanging drop technique, how to evaluate changes in MSC spheroid activation in vitro, and how to efficiently administer intact MSC spheroids into mice for in vivo efficacy testing.
5.6. Thomas Bartosh: Don't forget that working with adult human stem cells requires special training and equipment, and can be hazardous if the cells are not handled properly. Appropriate PPE such as lab coats and gloves should always be worn when performing these procedures.

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.


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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