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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ 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)___N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______3, 4, 5____________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
5, To ensure success and significant results, we try to use at least 6 animals for each study group.
 
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:
The overall goal of this procedure is the efficient pre-clinical evaluation of tyrosine kinase inhibitors for the treatment of acute leukemia. (Intro)

This is accomplished by first performing western blot analysis to confirm target inhibition in cultured leukemia cells. (P1, upper left)

The second step is to evaluate functional activity using a clonogenic assay in methylcellulose or soft agar. (P2, upper right)

Next, pharmacodynamic studies are used to evaluate target inhibition in leukemic blasts in the bone marrow of mice transplanted with a human leukemia. The resulting data are used to determine the dose and schedule of administration required for effective target inhibition in vivo. (P3, lower right)

Ultimately, this strategy is used to assess the therapeutic efficacy of the TKIs in vivo using bioluminescent imaging. (P4, lower left)

Ultimately, this strategy has been effective for evaluation of TKIs in vitro and in vivo and can be applied for identification of molecularly-targeted agents with therapeutic potential or for direct comparison and prioritization of multiple therapeutic compounds. (P5)


Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file). 





  


















B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Sandra Christoph: This strategy is designed to find the best candidate tyrosine kinase inhibitor for advancement to the clinic. 
1.2. Deborah DeRyckere: The procedures described in this video can be used to effectively evaluate TKIs in vitro and in vivo, to identify targeted agents with therapeutic potential, and to compare multiple compounds, thereby answering key questions in drug development workflows.
1.3. Douglas Graham: The protocols presented here focus on development of tyrosine kinase inhibitors. However, this strategy can be easily adapted for pre-clinical evaluation of other molecularly-targeted agents for treatment of acute leukemia. 

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2.  Phospho-protein western blot
2.1. In each well, plate  5 x 106 cultured leukemia cells in 400 µL of growth medium, and incubate at 37°C in  5% CO2 for 2 to 3 hours. Next, add 100 µl of tyrosine kinase inhibitor in medium, and culture for another 60 minutes.
2.1.1. CU: In a 48-well tissue culture dish, Talent pipiettes  400 µL  of 5 x 106 cultured leukemia cells into a few wells.
2.1.2. MED: Talent places plate at 37°C in  5% CO2.
2.1.3. ECU: Talent adds 100 µl of tyrosine kinase inhibitor in medium.

2.2. Talent: Make sure, that the tyrosine kinase inhibitor is in solution.
2.2.1. Interview style.

2.3. During the 60-minute incubation of the culture,  prepare the lysis buffer. If the cultures will not be treated with pervanadate prior to harvest, add phosphatase inhibitors to the lysis buffer. Also prepare the pervanadate phosphatase inhibitor solution.
2.3.1. MED: Talent starts prepararation of  the lysis buffer (show reagent label on tube).
2.3.2.  ECU: Talent adds phosphatase inhibitors. 
2.3.3. MED/CU: Talent prepares the pervanadate phosphatase inhibitor solution (show keeping solution in dark).

2.4. Now dilute 60 µl of pervanadate into 940 µl of complete medium. Add 100 µL of diluted pervanadate per well. Then incubate the samples in a cell culture incubator. After 3 minutes, place the plate on ice.
2.4.1. CU: Talent dilutes 60 µl of pervanadate into 940 µl of complete medium. 
2.4.2. Use 2.1.3
2.4.3. Use 2.1.2
2.4.4. CU: Talent places the plate on ice
2.5. Collect the cells and centrifuge in cold microfuge tubes at 2500 rpm for 5 minutes. Aspirate the  supernatants.  Then resuspend the cell pellets in 120 µL of lysis buffer, and place the samples on ice for 15 minutes. 
2.5.1. MED: Talent harvest cells into a microfuge tube.  Cut to CU: Placing tubes in microfuge. 
2.5.2. CU: Talent aspirates the  supernatants.  
2.5.3. ECU: Talent resuspends the cell pellets in 120 µL of lysis buffer, and place the samples on ice. Multiple takes form different angles, shots repeated later.

2.6. To clarify the lysates, centrifuge the samples [Text over video:  6000 rpm for 3 mins@ 4°C]. Transfer the supernatants to  fresh cold tubes. Store the sample lysates at -80˚C.
2.6.1. MED: Talent places the samples in the  centrifuge. 
2.6.2. ECU: Talent transfers the supernatants to  fresh cold tubes. 
2.6.3. MED: Talent stores the sample lysates at -80˚C.

3. Methylcellulose assay
3.1. Using a sterile large bore blunt end needle, aliquot 4 ml of methylcellulose human base medium into 50 ml conical tubes. Then add 500 µL of 10 x TKI or vehicle in growth medium and vortex the mixture for 10 seconds. 
3.1.1. ECU: Using a sterile large bore blunt end needle, Talent aliquots 4 ml of methylcellulose human base medium into 50 ml conical tubes.  (Note from authors: This has been done 3 times. Please use the third time of aliquotation, which shows no bubbles in the syringe.)
3.1.2. CU: Talent adds 500 µL of 10 x TKI or vehicle in growth medium to 4 ml of methylcellulose, and vortexes the mixture for 10 seconds. 

3.2. Now harvest the cells. Prepare a 10-fold concentrated cell suspension in growth medium. Add 500 µL of cell suspension to the methylcellulose mixture, then vortex for 10 seconds and let sit for 10 minutes to remove bubbles.
3.2.1. MED/CU: Talent harvests the cells. 
3.2.2. MED-over-the-shoulder: Talent prepares a 10-fold concentrated cell suspension in growth medium. 
3.2.3. CU: Talent adds 500 µL of cell suspension to the methylcellulose mixture. (TEXT: 10 sec vortex, 10 min rest)
3.2.4. ECU: Talent vortexes and sets tube aside (show bubbles disappearing, if possible) 
3.3. Draw up 4 ml of methylcellulose mixture into a 5 ml syringe with a sterile large bore blunt end needle [Text over video Avoid bubbles! ].  Then dispense 1 ml into the center of three 35 mm tissue culture plates. Swirl the dishes until the bottom is completely covered with methylcellulose.  
3.3.1. ECU: Talent draws up 4 ml of methylcellulose mixture into a 5 ml syringe with a sterile large bore blunt end needle.
3.3.2. CU: Talent dispenses 1 ml into the center of three 35 mm tissue culture plates. 
3.3.3. ECU: Talent swirl a dish until the bottom is completely covered with methylcellulose.  

3.4. For each methylcellulose plate, prepare a 10 cm sterile tissue culture plate with two additional 35 mm tissue culture plates filled with sterile water to ensure a humid environment. Place the cultures in a water jacketed incubator at 37ºC in 5% CO2 for 10 to 14 days.
3.4.1. MED: Talent prepares a 10 cm sterile tissue culture plate with two additional 35 mm tissue culture plates filled with sterile water.
3.4.2. CU: Talent places the cultures in water jacketed incubator at 37ºC in 5% CO2.

3.5. Count colonies using a microscope stage with a grid or using an automated colony counter. Colonies should be more than 20 cells and not overlapping.
3.5.1. MED: Talent counts colonies using a microscope stage with a grid.
3.5.2. LAB MEDIA: 3.5 50720 Graham Figure 1a overlapping colonies.tif (TEXT: Overlapping).
3.5.3. LAB MEDIA: 3.5 50720 Graham Figure 1 b not overlapping colonies next alternative.tif (TEXT: Not overlapping)

4. Evaluation of phospho-protein inhibition in vivo
4.1. Begin the next step by harvesting log phase cells by centrifugation. After one PBS wash,  resuspend the pellets at an appropriate concentration for the particular cell line [Text over video: 1-5 x 107 cells/ml]. 
4.1.1. MED/CU: Talent places cells in table top centrifuge, and starts  at 1500 rpm for 5 minutes. 
4.1.2. ECU: Talent resuspends the washed pellets (show pellet size).
 
4.2. After disinfecting the gloves, inject 100 µl of the cells into the tail vein of 6 to 12 week-old NOD/SCID gamma mice.
4.2.0 MED: Talent dissinfects gloves.
4.2.1. CU/ECU: Talent injects 100 µl of the cells into the tail vein of 6 to 12 week-old NOD/SCID gamma mice. 

4.3. Talent: Transplant at least 3 animals per group. Maintain the mice on water containing gentamycin sulfate.
4.3.1. Interview style.

4.4. When the mice have developed leukemia, weigh the animals and administer the freshly-prepared TKI or vehicle treatment by injection or by oral gavage [Text over video: 5 ml/kg for injection or 10 ml/kg gavage].
4.4.1. MED: Talent weighs an animal.
4.4.2. CU: Talent administers the freshly-prepared TKI or vehicle treatment by oral gavage. Multiple takes from different angles – shots repeated later.

4.5. If pervanadate treatment is desired, prepare PV solution as detailed in the text protocol. 
4.5.1. CU: Talent labels PV solution. 

4.6. At the appropriate times post-treatment, harvest the femurs. For each femur, flush the bone marrow with 1 ml cold PBS or diluted room temperature PV solution using a 27g needle. If treating with PV, incubate at RT in the dark for 10 minutes. 
4.6.1. ECU: Talent places an harvested femur in petri dish.
4.6.2.  CU/ECU: Talent flushes the bone marrow with 1 ml cold PBS or diluted room temperature PV solution using a 27g needle. Multiple takes from different angles- shots used later.
4.6.3. MED: Talent places sample the dark. 

4.7. Prepare the lysates and analyze phospho-protein and total protein levels as described earlier. Then, using densitometry, quantitate relative phospho-protein and total protein levels for each sample, including the controls. 
4.7.1. Repeat 2.5.3.
4.7.2. MED: Talent sits at computer. Cut to SCREEN: Talent uses densitometry to quantitate relative phospho-protein and total protein levels for a sample, including the controls. 


5. Evaluation of anti-leukemia activity of TKIs in ALL xenograft models
5.1. To begin the evaluation of anti-leukemia activity, allot at least 6 mice per group,  identifying  the mice by ear punch. 
5.1.1. MED/CU: Talent allots at least 6 mice in a group,  and indicates the ear punch on mice. 
3 takes wide and 2 CU
5.2. Add enrichment to the cages to reduce the potential for cage mate aggression.
5.2.1 MCU: Talent places enrichment in the cage with mice

5.3. After transplanting mice with a leukemia cell line of interest, treat the mice with a tyrosine kinase inhibitor  or vehicle as per experimental design.
5.3.1. Talent treats mice by intraperitoneal injection under hood in animal facility.

5.4. Monitor the health status of the mice daily, via physical examination and weight determination. Expected symptoms of leukemia include reduced activity level, weight loss, hind limb paralysis, and eye infections.
5.4.1. MED: Talent monitors the health status of the mice daily, via physical examination and weight determination. 
5.4.2. MED-over-the-shoulder: Talent records activity level, weight loss, hind limb paralysis, and eye infections for a mouse.
5.4B. To prepare for imaging, make a 15 mg/ml working D-luciferin solution and filter sterilize it through a 0.2 µm filter.
5.6.1. (moved before 5.5) CU: Talent prepares a 15 mg/ml  working D-luciferin solution,
5.6.2. (moved before 5.5) ECU: Talent filter sterilizes solution through a 0.2 µm filter. 

5.5. The engraftment and development of leukemia is monitored up to twice weekly using an in vivo bioluminescence imaging system. 
5.5.1. WIDE/MED: Talent approaches in vivo bioluminescence imaging system with mouse (get good shot of instrument set-up). Multiple takes showing the instrument set up

5.6. After anesthetizing the mouse, [Text-over-video: 1.5% inhaled isoflurane] administer 150 mg/kg body weight D-luciferin by i.p. injection.
5.6.1. CU: Talent prepares a 15 mg/ml  working D-luciferin solution,
5.6.2. ECU: Talent filter sterilizes solution through a 0.2 µm filter. 
5.6.3. CU: Talent does a toe pinch check in mouse.
5.6.5.  MED/CU: Mouse goes into anesthesia chamber. (3 TAKES)
5.6.4. MED/CU: Talent administers 150 mg/kg body weight D-luciferin by i.p. injection.
5.6.5. MED/CU: Mouse goes into anesthesia chamber. THIS NEEDS TO BE SHOWN BEFORE 5.6.4: THE MOUSE GOES FIRST IN THE ANESTHESIA CHAMBER AND THE SPLEEPING MOUSE GETS THE LUCIFERIN! (3 TAKES)

5.7. Capture two series of images with sequential 30, 60 and 90 second exposures and a final image with a 120 second exposure. After imaging, return the mice to their cages and monitor for recovery from anesthesia. 
5.7.1. Talent sits at computer in animal facility. Cut to SCREEN: Talent sets parameters to capture 2 series of images with sequential 30, 60 and 90 second exposures and a final image with a 120 second exposure. Two screen shots are taken.
5.7.2. MED: Talent returns a mouse to its cages
5.7.3. CU/MED: Talent monitors mouse for recovery from anesthesia. (2 TAKES)

5.8. Talent: Depending on the intensity of bioluminescence, exposure times can be varied. Optimal exposure times should be predetermined for a given model and kept consistent such that the signal intensities for individual time points are comparable across the entire study.
5.8.1. Interview style.

5.9. Data analysis includes determining the bioluminescence intensity for each mouse using Living Image 3.2 acquisition and analysis software. Determine total flux values measured in photons/second by drawing regions of interest of identical size over each mouse. 
5.9.1. SCREEN: Talent starts to determine bioluminescence intensity for each mouse using Living Image 3.2 acquisition and analysis software. 
5.9.2. SCREEN: Talent draws ROIs of identical size over each mouse. 

5.10. Talent: At the end of the study, dissect the mice and record observations, such as enlargement of spleen, liver, or lymph nodes and pale bone marrow. Dissect the femurs and flush bone marrow with cold PBS. 
5.10.1.  Interview Style.

5.11. Collect the cells by centrifugation. Resuspend cells in PBS containing 2% FBS and incubate for 5 minutes at room temperature. After collecting the cells,  stain with 20 mg/ml DAPI  and FITC-conjugated anti-human-CD45 or mouse IgG1 isotype control antibody.
5.11.1. MED-over-the-shoulder: Talent starts microfuge at 2500 rpm for 5 minutes. 
5.11.2. ECU: Talent resuspends cells in PBS containing 2% FBS and incubates at RT. 
5.11.3. ECU: Talent resuspends cell pellets in stain (show reagent labels:  20 mg/ml DAPI  and FITC-conjugated anti-human-CD45 or mouse IgG1 isotype control antibody).

5.12. Then evaluate leukemia engraftment using flow cytometry. Gate on the DAPI-negative viable population,  and determine the percentage of CD45+ cells as % bone marrow blasts.
5.12.1. WIDE/MED: Talent place sample in FACS (show instrument set-up). 
5.12.2. [bookmark: _GoBack]Med: Talent sits at computer in laboratory. Cut to SCREEN: Talent gates on the viable population (DAPI negative) and determines percentage of CD45+ cells (% bone marrow blasts).

6. Results:   Biochemical and functional effects mediated by TKIs
6.1. Initially, western blot analysis is used to confirm target inhibition in cultured leukemia cells. In this example, TKI C appears the most potent, TKI B is less potent, and TKI A has no effect. 
6.1.1. LAB MEDIA: Figure 1.

6.2. Functional activity is then evaluated using clonogenic assays in methylcellulose or soft agar cultures. Treatment with a TKI significantly reduced colony number in methylcellulose in this ALL cell line. 

6.2.1. LAB MEDIA: Figure 2.
6.2.2. LAB MEDIA: Figure 2A.


6.3. Treatment of this AML cell line with TKI results in a trend toward decreased colony number. Accurate counting of viable cells prior to plating on soft agar is important for consistency between experiments and also to avoid large standard errors. 

6.3.1. LAB MEDIA: Figure 2B. 

6.4. Only include soft agar plates with optimal distribution of colonies in the analysis of the experiment. 

6.4.1. LAB MEDIA: Figure 2C  


6.5. Here, pharmacodynamic analysis is used to determine whether TKIs can inhibit the target protein in vivo. A decrease in phospho-protein levels is observed in leukemic blasts isolated from mice treated with TKI relative to vehicle only. In this example, TKI E is more effective than TKI D.

6.5.1.  LAB MEDIA: Figure 3.  
6.5.2. LAB MEDIA: Figure 3A.  
6.5.3. LAB MEDIA: Figure 3B.  


6.6. An orthotopic mouse xenograft model of acute leukemia can be generated in NSG mice injected with a luciferase-expressing ALL cell line and can be used to assess the effects of treatment with a TKI on oncogenic potential in vivo. 

6.6.1. LAB MEDIA: Figure 4A and 4B  


6.7. Mice treated with TKI had a significantly lower level of bioluminescence, indicating a reduced leukemia burden relative to mice treated with vehicle only. 	

6.7.1. LAB MEDIA: Figure 4A.  

6.8.  After 10 days of treatment, all mice had a low level of bioluminescence that was not significantly different between animals treated with vehicle and animals treated with TKI. 

6.8.1. LAB MEDIA: Figure 4A upper panel.  


6.9. In contrast, by 19 days post-treatment, vehicle-treated mice had significantly higher bioluminescence intensity, while mice treated with a high dose of TKI had much lower signal intensity.

6.9.1. LAB MEDIA: Figure 4A lower panel.

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

7.1. Sandra Christoph: After watching this video, you should have a good understanding of how to effectively evaluate novel tyrosine kinase inhibitors for the treatment of acute leukemia. 
7.2. Deborah DeRyckere: Using this approach, biochemical and anti-leukemia activities are evaluated first in cell-based assays in vitro and then in xenograft models in vivo. 
7.3. Douglas Graham: After its development, this strategy paved the way for researchers in the field of drug development to explore more interesting and effective compounds for the treatment of leukemia and other types of cancer.
       

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, 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.
2.2 50720 Graham TKI increasing concentration 
3.4 50720 Graham Figure 1 10 cm Dish with methylcellulose
3.4 50720 Graham Figure 2 Incubator with Methylcellulose plates
3.5 50720 Graham Figure 1a overlapping colonies
3.5 50720 Graham Figure 1b not overlapping colonies
3.5 50720 Graham Figure 1 b not overlapping  colonies alternative
3.5 50720 Graham Figure 1 b not overlapping colonies next alternative
4.7.12 50720 Screenshot
5.7.1a 50720 Screenshot
5.7.1b 50720 Screenshot
5.9.1  50720 Screenshot –
5.9.2 50720 Screenshot
5.12.2 50720 Screenshot
50720 Graham Graphic overview updated version 3.15.2013

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.
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