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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)__yes______ 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.

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.) _

3.4) Desalt using Drop-Dialysis ___________________________________

4.5) Transfer 40 µl droplet-solution into wells of a 96-well PCR plate 

5) Control the results of each reaction manually. Exclude results not meeting the criteria, for example, no clear separation of positive and negative droplets, from further analysis.

Copy the resulting ratios of the target / reference genes into an excel sheet.

Calculate the proportion of tumor cells as: 2 * (1- target / reference), whereas the target gene is known to be heterozygously deleted in the tumor cells while the reference gene has two copies in both the tumor and the non-tumor cells.
Plot the means and the standard deviations for each drug-concentration.

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.) ___________________________ 

E.  Will the filming need to take place in multiple locations? (Y/N) __no_____ If yes, how far apart are the locations? ____

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 procedure is to assess the dose-dependent proportion change of tumor cells in a culture containing both tumor and non-tumor cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Lan Kluwe: This method can help answer key questions in the drug-discovery and personalized drug-test in cancer care field, such as in vitro assessment of drug effect and toxicity. 

1.2. Lan Kluwe: The main advantages of this technique are that, first, the effects of a drug on target-cells and on non-target cells can be assessed simultaneously in the same sample; and second, primary cultures can be used for drug-test regarding both efficacy and specificity.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Lan Kluwe: Demonstrating the procedure will be Mrs. Ina Alster, and Ms. Jane Rehberg, technicians from my laboratory.  

1.3.1. Interview style: Author saying the above 
Protocol (read by voice talent at JoVE):

2. Mix culture of both tumor cells and non-tumor cells and drug treatment

2.1. Begin this procedure by culturing both tumor cells and fibroblasts in standard DMEM medium at 37°C and 5% CO2 overnight [2.1.1-MED-TXT].  At sub-confluence, harvest the cells with 0.05% trypsin [2.1.2-MED-over the shoulder] and count them using a hemocytometer [2.1.3-MED-over the hemocytometer].
2.1.1. Talent places the tumor cells and fibroblasts in the incubator, Text: Tumor cells: MPNST S462; Refer to the accompanying manuscript for medium’s composition
2.1.2. WIDE Talent arrives – can be used for 1.3.1

2.1.3. Talent adds trypsin to the cells

2.1.4. Talent places the cells in the hemocytometer

2.2. Afterward, mix 400 tumor cells and 1600 non-tumor cells together in each well of a 96-well culture plate with 0.2ml of medium [2.2.1-MED-over the shoulder] and set up 4 replicates for each drug concentration [2.2.2-CU].  Incubate the cells at 37°C and 5% CO2 overnight [2.2.3-MED]. 
2.2.1. *Film as written
2.2.2. CU mix of tumor and non tumor cells

2.2.3. CU the 96-well culture plate
2.2.4. Talent places the cells in the incubator
2.3. Then, prepare the stock solutions of nilotinib in DMSO at 0, 2, 4 and 20 mM [2.3.1-CU-TXT].  Dilute each of them by 200-fold in 5ml of DMEM medium, giving 2-fold concentrated drug-solutions of 0, 10, 20 and 100 µM [2.3.2-CU]. 
2.3.1. CU the prepared stock solutions at 4 concentrations (please label the tubes with concentrations), Text: Nilotinib is the test drug in this experiment

2.3.2. WIDE/MED one of the stock solutions as it is being diluted in DMEM medium

2.3.3. CU same action

2.4. Next, remove 0.1ml of the medium from each well [2.4.1-MED-over the shoulder].  Add 0.1ml of medium containing the drug and continue to incubate the cells for 5 days [2.4.2-MED-over the shoulder].
2.4.1. *Film as written
2.4.2. Talent adds 0.1ml of medium containing the drug to the well
2.5. At the end of the treatment, inspect the attached cells using a phase-contrast microscope and take photos [2.5.1-MED].  Aspirate the medium and wash the survived adhesive cells once with 0.2ml of PBS [2.5.2-MED-over the shoulder].
2.5.1. Talent places the cells under the microscope

2.5.2. *Film as written
3. Preparing DNA for digital PCR

3.1. To lyse the cells using Hot Shot method, add 50 µl of alkaline lysis solution to each well [3.1.1-MED-over the shoulder-TXT].  Seal the wells with foil [3.1.2-CU].  Then, incubate the plate at 95°C in an oven or on a heating plate for 30 minutes [3.1.3-CU].  
3.1.1. *Film as written, Text: Lysis solution:  25mM NaOH, 0.2mM EDTA
3.1.2. *Film as written
3.1.3. Talent places the plate in the incubator or on a heating plate
3.2. After 30 minutes, check under a microscope to make sure that no more intact cells remained at the surface of the wells [3.2.1-MED].  Subsequently, add 50 µl of the neutralizing solution to each well [3.2.2-ME-over the shoulder-TXT].  
3.2.1. Talent places the cells under the microscope PLEASE USE 2.5.1
3.2.2. *Film as written, Text: Neutralizing solution: 40mM Tris-HC, pH 4.0
3.3. Then, transfer all the lysates into the U-form wells of a PCR plate and dry them in a PCR cycler at 95°C for 10 to 30 minutes [3.3.1-MED-over the shoulder].  Afterward, reconstitute the lysates with 20 μl of distilled water [3.3.2-MED-over the shoulder].
3.3.1. Transfer the lysates

3.3.2. [split shot] Talent places the U-form wells in a PCR cycler

3.3.3. Talent adds 20 μl of distilled water to each of the lysates
3.3.4. CU Adding distilled water

3.4. To desalt DNA using Drop-Dialysis, divide a 25 mm diameter membrane filter into 4 areas [3.4.1-MED-over the shoulder-TXT] and number the areas [3.4.2-CU].  Keep the filters on distilled water with the shiny side up in a 6-well plate for 5 minutes [3.4.3-CU].  
3.4.1. *Film as written, Text: Membrane filter: mean pore size 0.025 μm
3.4.2. *Film as written
3.4.3. CU the 6-well plate as the filter is placed on the water with the shiny side up

3.5. Then, pipet the reconstituted lysates of each sample carefully onto the corresponding areas of the filter [3.5.1-CU].  Cover the 24-well plate and dialyze for 30 to 60 minutes [3.5.2-CU]. 
3.5.1. *Film as written
3.5.2. CU Pipetting

3.5.3.  CU the plate as it is covered
3.6. Subsequently, suck away the water under the filter without flipping over the filter or disturbing the drops [3.6.1-CU].  Transfer the lysate-drops into the wells of a new PCR-plate [3.6.2-MED-over the shoulder].  Next, dry the DNA-drops by heating the plate at 95°C for 10 to 30 minutes in a PCR cycler [3.6.3-MED].  Then, reconstitute the lysates in 10 µl of water [3.6.4-Med-over the shoulder].
3.6.1. *Film as written USE as 3.6.2
3.6.2. *Film as written USE AS 3.6.1
3.6.3. Talent places the plate in a PCR cycler
3.6.4. Talent reconstitutes the lysates in 10 µl of water
4. Digital PCR

4.1. In this step, thaw DNA, buffer and the assay mix at room temperature, and spin down for 10 sec at maximum force of the centrifuge [4.1.1-MED].  Then, keep them on ice [4.1.2-CU].

4.1.1. Talent places the tubes in the centrifuge

4.1.2. CU the tubes as they are placed on ice
4.2. Next, prepare the master mixture containing all components except DNA for the dual ddPCR reaction [4.2.1-MED-over the shoulder-TXT].  Vortex and spin down the master mixture for 10 sec at maximum force in the centrifuge [4.2.2-MED] and dispense 15 µl of the mixture in each well of a 96-PCR plate [4.2.3-CU]. 
4.2.1. Talent places the prepared master mixture on the bench, Text: Refer to Table 1 in the accompanying manuscript
4.2.2. Talent places the mixture in the centrifuge

4.2.3. CU the PCR plate as mixture is dispensed
4.3. Add the lysate of each sample to the wells containing the master mixture [4.3.1-MED-over the shoulder].  Transfer 20 µl of each reaction mixture into the well on the sample side of a cartridge at room temperature [4.3.2-CU].  Then, dispense 70 µl of droplet generator oil into each well on the oil side of a cartridge [4.3.3-CU].
4.3.1. *Film as written + ADDITIONAL SHOT: 4.3.0 Establishing the cartridge
4.3.2. CU the cartridge as the reaction mixture is transferred into the well
4.3.3. CU the cartridge as the droplet generator oil is dispensed into the well
4.4. Close the cartridge with the gasket [4.4.1-CU] and place the whole setting into a droplet generator before starting droplet generation [4.4.2-MED].
4.4.1. *Film as written
4.4.2. Talent places the whole setting into a droplet generator
4.5. Subsequently, transfer 40 µl of droplet-solution into each well of a 96-well PCR plate [4.5.1-MED-over the shoulder].  Seal the plate with a foil sheet and place the plate into a PCR cycler [4.5.2-MED-over the shoulder]. Next, set the lid-temperature at 105°C and the ramp rate at 2°C per second [4.5.3-MED-over the shoulder-TXT].
4.5.1. *Film as written
4.5.2. MED Plate of sealing machine

4.5.3. Talent places a covered plate into a PCR cycler
4.5.4. *Film as written, Text:  See Table 2 in the accompanying manuscript for PCR setting
4.6.  When finished, transfer the plate into a droplet reader and start reading [4.6.2-MED].  Alternatively, store the plate at 4°C for up to 24 hours [4.6.3-MED].
4.6.1. Talent places the plate into a droplet reader PICTURES OF DROPLET READER ARE PROVIDED BY THE LAB
4.6.2. Talent places the plate in the refrigerator
5. Calculating tumor cell proportion 
Authors, please keep all the SCREEN movies short and precise, and limit them to no longer than 20 seconds. Thank you.
5.1. Now, perform automatic analysis of the raw digital PCR data [5.1.1-MED-over the shoulder] and obtain the ratios of NF1/RRP30 [5.1.2-SCREEN]. For failed automatic analysis, inspect the one-dimensional and 2-dimensional distribution of the positive and negative droplets [5.1.3-SCREEN].  
5.1.1. Talent opens the software on the computer screen

5.1.2. To be submitted by authors. A screen movie to show the ratios of NF1/RRP30 being obtained

5.1.3. To be submitted by authors. A screen movie to show the inspection of one-dimensional and 2-dimensional distribution of the positive and negative droplets
5.2. In the case of positive and negative droplets that are well separated, setting the thresholds manually will enable analysis [5.2.1-SCREEN].  Exclude the results with no clear separation of positive and negative droplets from further analysis [5.2.2-SCREEN]. Then, copy the resulting ratio into an Excel sheet [5.2.3-SCREEN].
5.2.1. To be submitted by authors.  A screen movie to show the thresholds being manually set

5.2.2. To be submitted by authors.  A screen movie to show that the results with no clear separation of positive and negative droplets are excluded

5.2.3. To be submitted by authors.  A screen movie to show that the resulting ratio of NF1/RRP30 is copied into an excel sheet

5.3. Next, calculate the proportion of the tumor cells [5.3.1-SCREEN-TXT].  For each drug-concentration, calculate the mean and standard deviation from the 4 replicates [5.3.2-SCREEN].  Then, plot the means and the standard deviations against drug-concentrations [5.3.3-LM].
5.3.1. To be submitted by authors. A screen movie to show the calculation of the tumor cells. Text: Use this formula: 2 * (1- NF1/RRP30)
5.3.2. To be submitted by authors. A screen movie to show the calculation of the mean and standard deviation from the 4 replicates
5.3.3. To be submitted by authors. A plot to show the means and the standard deviations against drug-concentrations 

6. Results: Dose-dependent change of tumor cell proportion and responses of tumor/non-tumor cells 
6.1. Shown here is the dose-dependent reduction of the visible vital cells [6.1.1-LM]. The proportion of tumor cells calculated from the ratio of NF1 to RPP30 decreased in the range of 0 - 10 µM.  At the highest dose of 50 µM, few vital cells were left, likely due to a toxic effect to all cells [6.1.2-LM].

6.1.1. Jove Figures R4.pptx_Figure 3: Show A 

6.1.2. Jove Figures R4.pptx_Figure 3: Show B
6.2. The viability and proliferation of the total cells can be measured using conventional assays [6.2.1-LM], but the proportion of tumor cells can be determined using the procedure demonstrated in the present study [6.2.2-LM].  Using the two parameters, the total cell response to a drug in a mixed culture can be divided into the tumor cell response [6.2.3-LM] and the non-tumor cell response [6.2.4-LM].
6.2.1. Jove Figures R4.pptx_Figure 4: Show A and highlight label “Viability total cells”

6.2.2. Jove Figures R4.pptx_Figure 4: In A, highlight label “Proportion of tumor cells (dPCR)”
6.2.3. Jove Figures R4.pptx_Figure 4: Show B and highlight label “Viability tumor cells”
6.2.4. Jove Figures R4.pptx_Figure 4: In B, highlight label “Viability non-tumor cells”
7. Conclusion (said by authors on camera)

7.1. Lan Kluwe: Once mastered, this technique can be done in one week including the treatment time of 5 days if it is performed properly.

7.2. Lan Kluwe: While attempting this procedure, it’s important to remember variation is a serious technical problem. To reduce this, avoid difference in handling samples as far as possible.

7.3. Lan Kluwe: Following this procedure, other methods like drug-testing using primary cultures can be performed in order to answer additional questions like drug efficacy and possible toxicity in each individual case.

7.4. Lan Kluwe: After watching this video, you should have a good understanding of how to use genetic feature to determine the tumor cell proportion in a culture containing both tumor and non-tumor 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.

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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