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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include descriptions of software usage? N
C.  Which individual steps (not sections) of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document: 3.2., 3.7.-3.11., 4.2., 4.5., 4.6.-4.9., 4.12.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The proper mixing of myeloma and stroma cells in collagen mix is the limiting factor. Proper mixing will ensure even number of cells per well and avoid clumps of cells: 3.3.3, 3.3.4.
E. Will the filming need to take place in multiple locations? Y, 2 buildings 5 minutes walking apart
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to quantify the chemosensitivity of multiple myeloma primary cells to a panel of chemotherapeutic agents. (Intro) 
This is accomplished by first mixing multiple myeloma cells isolated from fresh bone marrow aspirates with pre-culture patient-derived stroma and collagen. (P1) 
In the second step, this cell mix is seeded onto a multi-well plate. (P2) 
The cells are then treated with the chemotherapeutic agents of interest, (P3) and the plate is transferred to the incubator of a motorized-stage microscope for sequential imaging of the cells over a 96 hour incubation period. (P4) 
Ultimately, a digital image analysis algorithm can be used to generate viability curves for each drug and concentration. (P5)
From ImagesManuscript.pptx

(P1) from Slide 1, please show a graphic of a bone and have multiple myeloma cells leave bone and enter petri dish then have flat/square bone marrow stem cells enter dish as well (similar to far right graphic of middle row)
(P2) have multi-well plate appear (at least 384 well) and have cells leave petri dish and enter at least one well
(P3) have another multi-well plate appear (same number of well as in P2) with a “drug plate” label or similar and have robot arm (or multi-channel pipette) transfer one row of “drugs” from drug plate to one row of cell plate 
(P4) Cell plate moves onto microscope stage, then can zoom into one well to show image of cells if appropriate (e.g., like image in bottom row of slide 1)
(P5) Please show the graph from Slide 4
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Mark Meads: The main advantages of this technique over existing endpoint viability assays are that it allows the testing of a large number of therapeutic agents versus a single patient specimen and that the viability of the patient cells can be measured longitudinally for several days without needing to separate the cells from the stroma or the matrix.
1.2. Allison Distler: The implications of this technique extend toward the therapy of hematopoietic tumors, as it could theoretically be used to predict the clinical responses to specific chemotherapy regimes.  
1.3. Timothy Jacobson: We first had the idea for this method when we realized that replacing our original microfluidic slides with multi-well plates greatly reduced the cost and time required to complete the experiment. 
Protocol (read by voice talent at JoVE):
2. Plate seeding with a manual multi-channel pipettor

2.1. To prepare primary multiple myeloma-bone marrow-derived mesenchymal stem cell co-cultures with a multi-channel pipettor, begin by suspending the cells at six times the final concentration in RPMI-1640 medium.
2.1.1. WIDE: Talent adding medium to MM-labeled tube or similar 
2.1.2. MED: Talent adding medium to BMSC-labeled tube or similar (TEXT: i.e., 2 x 105 stromal cells/ml, 2 x 106 MM cells/ml)
2.2. Next, mix 50 microliters of each cell type with freshly prepared type I collagen to a final volume of 300 microliters.
2.2.1. MED: Talent mixing at least one aliquot of cells with collagen, with collagen container label visible in frame
2.3. Then use a multi-channel pipette to manually dispense 8 microliters of the cell-matrix mix into the center of each well of a 384-well plate and centrifuge the plate to concentrate all of the cells to the same focal plane.
2.3.1. MED – over the shoulder: Talent adding cell mix to at least one row of wells (TEXT: See text for 1536 well plate preparation details)
2.3.2. MED: Talent placing plate into centrifuge (TEXT: 10 min, 500 x g, 4ºC)
2.4. After spinning, incubate the plates under cell culture conditions for one hour to allow the gel to polymerize. Then add 80 microliters of supplemented growth medium to each well and incubate the plate overnight to allow the stroma to adhere to the bottom of the plate.
2.4.1. MED: Talent placing plate into incubator

2.4.2. MED: Talent adding medium to at least one well, with medium container label visible in frame if possible (TEXT: See text for all media/reagent preparation details)

2.4.3. CU: Plate being placed into incubator
3. Plate seeding with a robotic pipettor
3.1. To prepare multiple myeloma-stroma co-cultures with a robotic pipettor, begin by suspending 300 microliters of CD138+ multiple myeloma cells and 300 microliters of stromal cells in RPMI-1640 medium at six times the final desired density as just demonstrated.
3.1.1. WIDE: Talent adding cells MM-labeled tube or similar Use 2.1.1
3.1.2. MED: Talent adding cells to BMSC-labeled tube or similar Use 2.1.2
3.2. Then mix both cell types together in a 1.5 ml tube labeled “CD138+” and place the tube in a cell culture incubator.
3.2.1. CU: Few seconds cells being mixed within 1.5 ml tube labeled CD138+, with MM and BMSC tubes visible in frame

3.2.2. MED: Talent placing tube into incubator
3.3. Next, suspend 60 microliters of the appropriate multiple myeloma cell line and 60 microliters of the stromal cells in RPMI-1640 medium at six times the final desired density and mix both cell types together in a 1.5 ml tube.
3.3.1. MED: Talent adding medium to at least one tube, with MM cell line and BMSC container labels visible in frame

3.3.2. CU: Few seconds cells being mixed within 1.5 ml tube with no label with MM and BMSC tubes visible in frame
3.4. Label this second tube “cell line” and incubate it at 37°C as well.
3.4.1. MED: Few seconds Talent labeling tube

3.4.2. MED: Talent placing tube into incubator
3.5. On the robotic pipettor, load the “cell seeding” script file.
3.5.1. MED: Talent at robotic pipettor, loading cell seeding script
3.6. Then place a 200 microliter pipette tip box into station A, a microtiter plate into station B, and a sterile 384 well plate into station E of the robot.
3.6.1. [3.6.1 to 3.6.3 combined] CU: Box tip being placed into station A

3.6.2. CU: Microtiter plate being placed into station B

3.6.3. CU: Plate being placed into station E
3.7. Next, mix the CD138+ cell mixture with a tube of freshly prepared CD138 pre-mixed medium and transfer 1.5 ml of the resulting cell solution to the #1 well of the microtiter plate.
3.7.1. MED: Few seconds Talent mixing cells with medium, with CD138+ tube and pre-mixed medium tube labels visible in frame

3.7.2. MED: Talent adding cells to #1 well
3.8. Place the rest of the cells on ice and start the program. The robot will seed the first 176 wells of the 384-well plate and then pause. 
3.8.1. CU: Cells being placed on ice

3.8.2. CU: “Start” being pressed

3.8.3. CU: Few seconds robot seeding plate then pausing
3.9. Use this time to transfer the remaining CD138+ cells to well #2 of the microtiter plate and resume the program. The robot will seed the remaining 144 wells of the plate and pause again.
3.9.1. CU: Cells being added to well #2

3.9.2. MED: Talent pressing “resume” or similar

3.9.3. CU: Few seconds robot seeding wells then pausing
3.10. Now mix the cells from the “cell line” tube with a tube of freshly prepared cell line pre-mix and transfer the contents to well #3 of the microtiter plate. 
3.10.1. MED: Few seconds Talent mixing cells, with “cell line” tube and “pre-mix” container labels visible in frame if possible

3.10.2. CU: Cells being added to #3 well
3.11. Then resume the program again, allowing the robot to seed the remaining 64 wells of the 384-well plate.
3.11.1. CU: Resume/start being pressed Use 3.9.2
3.11.2. CU: Few seconds robot seeding wells
3.12. When the last well has been seeded, spin down the cells and transfer the co-cultures to the cell culture incubator for collagen polymerization.
3.12.1. CU: Plate being placed into centrifuge (TEXT: 10 min, 500 x g, 4°C) 
3.12.2. MED: Talent placing plate into incubator
3.13. After one hour, load the “media layer” script on the robot and place a 120 microliter pipette tip box in station A, a reagent reservoir with 31 ml of RPMI-1640 medium supplemented with fetal bovine serum, patient plasma and antibiotics in station B, and the seeded 384-well plate into station E. 
3.13.1. MED – over the shoulder: Talent loading media layer script

3.13.2. [3.13.2 to 3.13.4 combined] CU: Pipette box being placed in station A

3.13.3. CU: Reagent reservoir being placed in station B

3.13.4. CU: Plate being placed in station E
3.14. Then run the program; the robot will transfer 81 microliters of the supplemented medium to each well. 
3.14.1. MED: Talent starting program

3.14.2. MED: Robot adding medium to at least one well
3.15. When the robot is finished, return the cells to the incubator to allow the stroma to adhere to the substrate overnight.
3.15.1. CU: Plate being placed into incubator Use 2.4.3
4. Plate drugging using a robotic pipettor and seeded cell imaging
4.1. To treat the seeded cells with the drug of interest, first load the “media layer drug plate” script in the robotic pipettor user interface. 
4.1.1. WIDE: Talent loading media layer drug plate script 

4.2. Then place a 120 microliter pipette tip box in station A, a reservoir with 21 ml of RPMI-1640 supplemented with FBS, patient plasma, and antibiotics in station B and an empty 384-well plate in station E. 
4.2.1. [4.2.1 to 4.2.3 combined] MED: Talent placing pipette tips in station A

4.2.2. MED: Talent placing reservoir in station B

4.2.3. MED: Talent placing empty plate in station E

4.3. Run the program: the robotic pipettor will add 30 microliters of medium to all of the wells in the 384-well plate.
4.3.1. MED: Talent starting program

4.3.2. MED: Few seconds robot adding medium to at least one well

4.4. Then, following the template, add 200 microliters of drug at 20X the maximum concentration to each well of a microtiter plate.

4.4.1. LAB MEDIA: SuppFigure2.tiff

4.4.2. MED – over the shoulder: Few seconds Talent adding drug to at least one well, with drug container(s) visible in frame if possible

4.5. To the control well, add medium supplemented with FBS, patient plasma and antibiotics. Then place a 120 microliter pipette tip box in station A, the microtiter plate of drugs in station B, and a 384 well plate of medium in station C.

4.5.1. MED: Talent adding medium to control well, with medium container label visible in frame if possible

4.5.2. [4.5.2 to 4.5.4 combined] MED: Talent placing pipette tips in station A

4.5.3. MED: Talent placing drug plate in station B

4.5.4. MED: Talent placing medium in station C

4.6. Load the “drug plate” program; the robotic pipettor will create a serial 1:3 dilution as illustrated in the figure.
4.6.1. CU: Drug plate being loaded
4.6.2. LAB MEDIA: SuppFigure1.tiff

4.7. Now place a fresh 120 microliter pipette tip box in station A, the 384-well plate of diluted drug in station B, and the 384-well plate of seeded cells into station C and run the “drug add” program. 

4.7.1. [4.7.1 to 4.7.3 combined] CU: Pipette tips being placed in station A

4.7.2. CU: Plate being placed in station B

4.7.3. CU: 384 plate being placed into station C

4.7.4. CU: Drug add program being started

4.8. The robotic pipettor will transfer 8 microliters of drug from each well of the drug plate to its counterpart in the cell plate. 
4.8.1. CU: Few seconds robot moving from drug plate to cell plate

4.9. After the last well has been treated, immediately transfer the cell plate to the incubator of the digital microscope.
4.9.1. MED: Few seconds Talent placing plate into digital microscope incubator

4.10. Then, to image the cells, clean the interior of the bench top incubator with an ethanol-wet wipe and carefully switch the lid of the plate with the lid of the incubator.
Read 4.9 and 4.10 combined with video shot 4.9.1 over both narrations
4.10.1. MED: Few seconds incubator being wiped with ethanol

4.10.2. MED: Talent lifting lid off of plate and placing incubator lid onto plate (Videographer: Split action into separate shots as necessary)
4.11. Next, follow the software steps for adding the landmarks for the regions of interest to be imaged successively during the experiment. 
4.11.1. MED – over the shoulder: ~5-7 s of Talent following software steps to add beacons (TEXT: See software user guide for details)

4.12. Finally, using a 5 or 10x magnification objective, bring the cells into focus until the multiple myeloma cells appear as bright disks surrounded by a dark ring and the stromal cells are barely visible.
4.12.1. MED: Few seconds Talent at microscope, bring cells into focus

4.12.2. LAB MEDIA: Figure2.png (Video Editor: with “bright … ring” please indicate at least one/ a few round bright cells in at least one image; with “stromal … visible” please indicate at least one/a few flat pale multi-armed cells in at least one image)

5. Results: Representative robotic seeding and drug treatment of MM cells
5.1. In this experiment, the live multiple myeloma cells were pseudo-colored in green …

5.1.1. LAB MEDIA: ImagesManuscript.ppx Slide 4 (Video Editor: please show only top image of slide 4)

5.2. … with little to no green signal observed in the stromal and human umbilical vein endothelial cells at the end of the experiment at the highest drug concentration, when all of the multiple myeloma cells were dead.

5.2.1. LAB MEDIA: ImagesManuscript.ppx Slide 4 (Video Editor: please show only middle image of slide 4)

5.3. The robot software was then used to chart the gradual loss of viability resulting from the exposure to the different drug concentrations over time. 

5.3.1. LAB MEDIA: ImagesManuscript.ppx Slide 4 (Video Editor: please show graph from bottom of slide 4 and/or circle/highlight end of all data lines around 100 h except blue data line)

5.4. It is important to carefully observe all of the seeded wells before starting the imaging process, as artifacts may mislead the image analysis software and lead to false results. For example, here the result of an excessive density of stromal cells or too much time between the trypsinization and seeding is shown, resulting in the formation of cell clumping.
5.4.1. LAB MEDIA: ImagesManuscript.ppx Slide 5 (Video Editor: please show only top left image)

5.5. As seen in this image, if the cell lines are seeded at too high densities, they will form colonies as they replicate, reducing the accuracy of the digital image analysis algorithm as it becomes increasingly difficult to discern one cell from the other. 
5.5.1. LAB MEDIA: ImagesManuscript.ppx Slide 5 (Video Editor: please show only top right image)

5.6. Here too few multiple myeloma cells were seeded. When the number of multiple myeloma cells obtained from the bone marrow aspirate is below 500,000, it is necessary to determine the dead volume for the tube being used before seeding the cells and to include this volume in the dilution calculations.
5.6.1. LAB MEDIA: ImagesManuscript.ppx Slide 5 (Video Editor: please show only bottom left image)

6. Conclusion (said by authors on camera)
6.1. Allison Distler: Once mastered, this technique can be completed in 2-3 hours if it is performed properly.

6.2. Mark Meads: While attempting this procedure, it’s important to remember to keep the pre-mixed medium containing the collagen on ice to prevent polymerization before the cells are ready.
6.3. Timothy Jacobson: After its development, this technique paved the way for researchers in the modeling of the evolution of drug resistance in multiple myeloma and in exploring how the heterogeneity of chemosensitivity of the tumor population can determine the depth and duration of the immune response.
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.  

ImagesManuscript.pptx

SuppFigure1.tiff

SuppFigure2.tiff
Figure2.png

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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


