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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.5., Tumor disaggregation; 3.3., 3.6., 3.7. Microtumors
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.5. Tumor disaggregation 3.3. Microtumors: practice is most valuable, but keeping a timer within sight ensures dispensing is accomplished within required time window 
E.  Will the filming need to take place in multiple locations? Y, ~1 mile apart 


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

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

The overall goal of this patient-derived glioblastoma 3D Microtumor culture system is to enable high throughput drug testing with a corresponding molecular profiling assay, such as kinomic testing. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Christopher Willey: This method can help answer key questions in the cancer field, such as why do certain therapies work well in one patient’s tumor but not in another? 
1.2. Christopher Willey: The main advantage of this technique is that it provides a miniature yet realistic tumor culture system suitable for therapy testing.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Yancey Gillespie: Generally, individuals new to this method will struggle because handling the patient-derived xenograft cells is not like handling immortalized cells due to their fragility and sensitivity to changing culture conditions.
1.4. Ashley Gilbert: Visual demonstration of this method is critical, as the Microtumor generation steps are difficult to learn through description only due to their unique and complex method of production.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Yancey Gillespie: Demonstrating the tumor disaggregation procedure will be Catherine Langford, a technician from my laboratory. 
1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.6. Raj Singh: Demonstrating the Microtumor generation and drug dosing procedures will be Rachael Shevin, a technician from my laboratory.
1.6.1.1. Interview style: Author saying the above 
1.6.1.2. The named technician, post doc, student 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)
1.7. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at The University of Alabama at Birmingham.

Protocol (read by voice talent at JoVE):
2. Tumor disaggregation
2.1. To harvest the tumors, begin by using 3% chlorhexidine to sanitize the skin of an athymic nude-nude mouse with a palpable tumor mass in the right flank [2.1.1.-WIDE-TXT].
2.1.1. Few seconds Talent sanitizing mouse, with chlorhexidine container visible in frame if possible (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: CO2 asphyxiation)
2.2. Next, holding the mouse steady [2.2.1.-CU], use a sterile disposable scalpel with a #11 blade to make a semi-circular skin incision beginning approximately 1.5 cm cranial to the tumor [2.2.2.-CU] and continuing toward the abdomen and around to the caudal end of the tumor [2.2.3.-CU].
2.2.1. Talent’s hand grasping mouse
2.2.2. Few seconds incision being begun
2.2.3. Last few seconds incision being made
2.3. Using gentle traction on the caudal end of the incision, reflect the skin over the tumor mass [2.3.1.-CU] and push on the skin surface to elevate the tumor without touching it [2.3.2.-CU].
2.3.1. Few seconds skin being reflected
2.3.2. Few seconds skin being pushed/tumor being elevated
2.4. Using forceps, blunt dissect to gently free the tumor mass from the peritoneal wall and the skin [2.4.1.-CU] and transfer the tumor mass to a sterile glass Petri dish [2.4.2.-CU-TXT
2.4.1. Few seconds tumor being blunted dissected
2.4.2. Tumor being placed into dish (TEXT: Plastic can break during mincing)
2.5. Then use a sterile scalpel with a #11 blade and sterile semi-curved forceps to debride the tumor tissue of any necrotic tissue and membranous host connective tissue [2.5.1.-CU-TXT].
2.5.1. Instruments appear in frame, then few seconds tumor bring debrided (TEXT: Dispose carcass properly)
2.6. Dr. Gillespie: “The most critical step of the tumor dissociation procedure is achieving a clean tumor; that is, removing as much connective and necrotic tissue from the tumor as possible before beginning the dissociation.”
2.6.1. Catherine Langford, speaking the above, interview style (looking just off-camera)
2.7. Wash the cleaned tumors with sterile RPMI 3-5 times to remove the excess blood [2.7.1.-CU], gently tilting the dish between rinses to remove the wash [2.7.2.-CU].
2.7.1. Few seconds tumor being washed, with RPMI container label visible in frame if possible
2.7.2. Few seconds dish being tilted/wash being removed 
2.8. After the final wash, use two #11 scalpel blades to finely mince the tumors [2.8.1.-CU]. Then use sterile semi-curved forceps to transfer the tumors into a dissociation tube containing enzyme solution [2.8.2.-CU-TXT].
2.8.1. Few seconds tumors being minced
2.8.2. Few seconds at least one piece being placed into tube (TEXT: See text for all media/reagent preparation details)
2.9. Place the tube into a cellular dissociator [2.9.1.-MED] and select the tumor 2 program [2.9.2.-CU].
2.9.1. Talent placing tube into dissociator
2.9.2. “m_imp_tumor_02” program being selected
2.10. Click “start” to run the dissociator for 37 seconds [2.10.1.-CU]. Then transfer the tube to a rotator [2.10.2.-MED] and place the rotator in a 37°C incubator for 40 minutes [2.10.3.-MED].
2.10.1. Few seconds tissues being dissociated
2.10.2. Few seconds Talent placing tube in rotator
2.10.3. Few seconds Talent placing rotator into incubator
2.11. At the end of the incubation, place the tube back on the dissociator [2.11.1.-CU] and run the tumor 3 program for 37 seconds [2.11.2.-CU-TXT].
2.11.1. Few seconds tube being placed into dissociator
2.11.2. Few seconds tissues being dissociated (TEXT: i.e. m_imp_tumor_03 program)
2.12. At the end of the program, centrifuge the cells [2.12.1.-MED-TXT] and resuspend the pellet in 10 ml of serum-free RPMI with gentle mixing [2.12.2.-CU].
2.12.1. Talent placing tube(s) into centrifuge (TEXT: 3 min, 300 x g, RT?)
2.12.2. Shot of pellet if visible, then few seconds pellet being resuspended, with medium container label visible in frame
2.13. Next, slowly load the cells onto a 40 micron cell strainer in a new 50 ml tube [2.13.1.-CU] and allow the suspension to drip through the filter by gravity [2.13.2.-CU].
2.13.1. Few seconds suspension being added onto strainer (above shot)
2.13.2. Few seconds suspension dripping through strainer (side shot)
2.14. Gently lift the tab of the cell strainer in between each new addition of cells [2.14.1.-CU], breaking the vacuum between the strainer and the tube, to allow the suspended cells to pass freely through the mesh [2.14.2.-CU].
2.14.1. Strainer being lifted (side shot)
2.14.2. Few seconds suspension dripping through replaced strainer (side shot)
2.15. When all of the cells have been filtered, spin down the single cell suspension [2.15.1.-CU] and resuspend the pellet in 10 ml of complete neurobasal medium [2.15.2.-CU].
2.15.1. Tube(s) being placed into centrifuge bucket
2.15.2. Shot of pellet if visible, then few seconds pellet being resuspended, with medium container label visible in frame
2.16. Then determine the number of viable cells by trypan blue exclusion [2.16.1.-CU] and place the cells on ice [2.16.2.-MED].
2.16.1. Trypan blue being added to hemacytometer
2.16.2. Talent placing cells on ice

3. Microtumor generation and drug dosing

3.1. To generate the Microtumors, spin down the dissociated patient-derived glioblastoma xenoline cells [3.1.1.-WIDE] and resuspend the pellet at 5x104 cells/2 microliters of FBS [3.1.2.-CU].

3.1.1. Talent placing tube(s) into centrifuge
3.1.2. FBS being added to cells, with FBS container label visible in frame 

3.2. Next, dilute the cells in ice-cold high density human biogel at a 1:4 cell to biogel ratio [3.2.1.-CU].

3.2.1. Biogel being added to cells, with biogel container label visible in frame

3.3. Then use an electronic multichannel pipette to dispense 10 microliters of cell mixture per pin onto a 96-pin steel plate with hydrophobic coating [3.3.1.-CU].

3.3.1. Few seconds cells being added to at least one row of pins, with cell-biogel container label visible in frame

3.4. Ashley Gilbert “It’s important to prevent bubbles when mixing the cells, medium, and biogel, while still working quickly and efficiently to generate the Microtumors before the human biogel begins to solidify on the pins.”

3.4.1. Ashley Gilbert, speaking the above, interview style (looking just off-camera)

3.5. When all of the Microtumors have been plated, transfer the 3D tumors into a tissue culture incubator for 20 minutes to gelate the tumor beads [3.5.1.-MED-TXT].

3.5.1. Talent placing plate into incubator (TEXT: 37°C, 5% CO2, w/ humidity) 

3.6. At the end of the incubation, transfer the Microtumors to a 10 cm culture dish containing complete neurobasal medium [3.6.1.-MED] and return the tumors to the incubator [3.6.2.-MED].

3.6.1. Few seconds Talent transferring at least one microtumor from plate to dish 
3.6.2. Talent placing plate into incubator

3.7. After 1-2 days, use a wide-mouth dispensing pipette to transfer the Microtumors into the wells of a 96 well culture plate containing 50 microliters of neurobasal medium per well [3.7.1.-CU] and add 50 microliters of the appropriate dosing solution to each well [3.7.2.-CU-TXT].

3.7.1. Few seconds at least one Microtumor being dispensed into at least one well, with medium container label visible in frame
3.7.2. Few seconds drug being added to at least one well, with drug container label visible in frame (TEXT: See text for drug dosing concentration suggestions)

3.8. Maintain the treated Microtumors in the tissue culture incubator for 1-14 days [3.8.1.-CU], feeding the tumors twice weekly with fresh medium and drug solution [3.8.2.-LM].

3.8.1. Plate being placed into incubator
3.8.2. Few seconds Talent adding medium to at least one row of wells, with medium and/or drug solution containers visible in frame

4. Microtumor morphologic and phenotypic analyses

4.1. To evaluate the Microtumor cell morphology, on days 1, 7 and 14 of culture, label the Microtumors with 1 micromolar of freshly-diluted Calcein-AM [4.1.1.-WIDE] (Pronounce: cal [like “pal’]-seen-A-M] per well in the tissue culture incubator for 20 minutes [4.1.2.-CU].

4.1.1. Few seconds Talent adding calcein to at least one well, with calcein container visible in frame if possible
4.1.2. Talent placing plate into incubator

4.2. Then image the tumors by fluorescence microscopy at 2, 4, and 10X magnifications [4.2.1.-MED-TXT].

4.2.1. Talent placing plate onto microscope stage OR Few seconds Talent at microscope, imaging Microtumors (TEXT: Excitation: 450-490 nm band pass, emission: 515 nm long pass, dichroic 500 nm)

4.3. To assess the Microtumor growth, on days 1, 7 and 14, treat the cultures with 20 microliters of freshly-prepared MTT (Pronounce: M-T-T) for 2 hours in the tissue culture incubator [4.3.1.-MED-over the shoulder-TXT].

4.3.1. Few seconds Talent adding MTT to at least one well, with MTT container visible in frame [TEXT: MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium]

4.4. At the end of the incubation, lyse the tumors with freshly prepared 10% SDS lysis buffer at a 1:1 ratio to the culture well volumes [4.4.1.-CU] and seal the plate [4.4.2.-CU].

4.4.1. SDS being added to at least one well, with SDS buffer container label visible in frame
4.4.2. Few seconds plate being sealed 

4.5. Then incubate the Microtumors in the lysis buffer overnight at 37°C [4.5.1.-MED] and read the absorbance at 570 nm on a multi-plate reader the next morning [4.5.2.-MED].
[bookmark: _GoBack]
4.5.1. Talent placing plate at 37°C
4.5.2. Few seconds Talent loading plate onto plate reader
5. Results: Representative Microtumor growth and analyses

5.1. Through live cell imaging via Calcein-AM as just demonstrated, the cell growth and viability of the Microtumors [5.1.1.-LM], as well as the effects of the drug therapies on these functions, can be evaluated [5.1.2.-LM].

5.1.1. Figure 3 Script Version.ai: please sequentially by day add indicate tumor images below graphs
5.1.2. Figure 3 Script Version.ai: please add/indicate data bars in right graph (excluding blue 0 micromolar data bars)

5.2. As observed, untreated Microtumors [5.2.1.-LM] and Microtumors with a known resistance to the experimental drug treatment display a continuous growth pattern over a two week culture period [5.2.2-LM].

5.2.1. Figure 3 Script Version.ai: please sequentially indicate blue data bars in left graph
5.2.2. Figure 3 Script Version.ai: please indicate orange data bars in right graph

5.3. These TMZ (Pronounce: T-M-Z)-sensitive tumor cells, however, demonstrate a reduced cell growth by the end of the culture in response to the highest concentration of TMZ treatment by MTT assay [5.3.1.-LM].

5.3.1. Figure 4 REVISED.pdf: please indicate day 14 green data bar (TEXT: TMZ: temozolomide)

5.4. Interestingly, kinase signaling in TMZ-resistant Microtumors reveals a number of peptides with significantly altered intensities after the 10 micromolar TMZ treatment [5.4.1.-LM].

5.4.1. Figure 5A.ai: please outline/indicate/highlight entire 10 micromolar TMZ data box

5.5. Indeed, in this representative experiment, analysis of these altered kinomic profiles using upstream kinase prediction software identified specific alterations in SYK, LCK, and CTK (Pronounce: S-Y-K, L-C-K and C-T-K) tyrosine kinase [5.5.1.-LM] and a number of serine-threonine kinase [5.5.2.-LM] intensities, suggesting potential novel therapeutic targets that may help overcome tumor treatment resistance [5.5.3.-LM].

5.5.1. Figure 5B.ai: please outline/indicate SYK, LCK and CTK data lines and add/trace blue arrow
5.5.2. Figure 5C.ai: please outline/indicate red/pink data lines and/or add/trace blue arrow
5.5.3. Figure 5C.ai: no animation

6. Conclusion (said by authors on camera)
6.1. Yancey Gillespie: Once mastered, the tumor disaggregation technique can be completed in 2 hours if it is performed properly.
6.2. Raj Singh: The Microtumor generation and drug dosing techniques can be completed in 3 hours total if they are performed properly.
6.3. Christopher Willey: In the future, this model system could be used as a “proband-style” avatar system, in which a patient’s tumor is molecularly matched to an existing patient-derived Microtumor library, to inform the clinician of the best choice of therapy.

Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video.  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.  

Figure 5A.ai
Figure 5B.ai
Figure 5C.ai
Figure 4 REVISED.pdf
Figure 3 Script Version.ai

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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