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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? Y 
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? 2.1.-2.6., 3.1., 3.2.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
2.4., 3.1. 
E.  Will the filming need to take place in multiple locations? N


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 goals of this combined in vitro-in silico lung cancer model are to study the sensitivity of non-small-cell-lung-cancer-targeted therapies and to predict the efficacy of new substances. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Claudia Göttlich: This 3D model system allows the monitoring of cell-specific responses to targeted treatments or drug combinations. 
1.2. Meik Kunz: The main advantage of this technique is that the 3D cell culture model coupled with the in silico predictions can facilitate preclinical drug testing in a more physiologically relevant environment.  

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Lena Müller: The implications of this technique extend toward the therapy of different tumor entities, as it can be used to optimize drug response predictions based on specific mutational backgrounds.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Claudia Göttlich: Demonstrating the procedure will be Franziska Schmitt, a research assistant from my laboratory. 
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Dynamic culture conditions and static tumor model gefitinib treatment
2.1. To set up a dynamic culture, begin by culturing the tumor model under static culture conditions in a cell crown at 37°C and 5 % CO2 in a conventional incubator [2.1.1.-WIDE-TXT].
2.1.1. Talent placing static culture into incubator (TEXT: See text for static tumor model culture conditions setup)
2.2. After 3 days, assemble an autoclaved bioreactor [2.2.1.-MED] and insert a seeded biological “small-intestine-submucosa plus mucosa” scaffold into the system [2.2.2.-CU-TXT].
2.2.1. Talent placing bioreactor onto bench
2.2.2. Few seconds scaffold being inserted (TEXT: See Moll, C. et al. 2013 for bioreactor setup/seeding details)
2.3. Next, add 45 ml of RPMI supplemented with the appropriate FCS to a flask [2.3.1.-MED-TXT] and connect the needle-free sampling device to the tubing system between the bioreactor and the flask of medium [2.3.2.-MED].
2.3.1. Few seconds Talent adding medium to flask, with medium container visible in frame (TEXT: A549: 10 %, HCC827: 20 %)
2.3.2. Few second Talent connecting device to tubing system

2.4. Place the bioreactor into the incubator [2.4.1.-MED] and connect it to the pump to culture the tumor model for an additional 14 days with a constant medium flow of 3 ml/min [2.4.2.-MED-TXT].

2.4.1. Talent placing bioreactor into incubator 
2.4.2. Few seconds Talent connecting pump to bioreactor (TEXT: Change entire culture medium after 7 d)

2.5. To treat a static tumor model with gefitinib, on day 11 of culture in the conventional incubator, first use a Pasteur pipette to remove the old medium from the wells [2.5.1.-CU].

2.5.1. Few seconds medium being removed from at least one well

2.6. Then add 1 ml of freshly prepared RPMI supplemented with FCS and gefitinib to the inside of each cell crown [2.6.1.-CU] and 1.5 ml to the bottom of each well [2.6.2.-CU-TXT].

2.6.1. Few seconds gefitinib being added to at least one cell crown, with medium/gefitinib container label visible in frame if possible
2.6.2. [combined with 2.6.1] Few seconds gefitinib being added to the bottom of at least one well (TEXT: Store thawed gefitinib stock solution ≤1 wk @ 4 °C)

3. ELISA samples collection and proliferation index determination

3.1. To collect ELISA samples from a dynamic culture, on days 11-14 of culture, attach the syringe to the sampling device [3.1.1.-WIDE] and remove 1 ml of medium from the bioreactor system [3.1.2.-MED].

3.1.1. Few seconds Talent screwing syringe onto device
3.1.2. Few seconds Talent removing medium

3.2. Then store the samples at -80°C until the ELISA is performed [3.2.1.-MED].

3.2.1. Talent placing sample(s) at -80°C

3.3. To determine the number of Ki67 (Pronounce: K-I-sixty-seven) positive nuclei, first use an inverted microscope [3.3.1.-MED-TXT] to obtain five DAPI- and five Ki67-staining fluorescent images of 2D cultures at a 20x magnification of each condition from non-overlapping sections of the specimen [3.3.2.-SCREEN].

3.3.1. Talent sitting at microscope, selecting 20x objective
3.3.2. Shot of at least one DAPI and/or at least one Ki67 image (TEXT: See text 2D culture fixation/Ki67 immunostaining details) One DAPI and one Ki67 image is provided by Authors

3.4. To manually count the Ki67 positive nuclei, open a merged image in Fiji [3.4.1.-MED-over the shoulder] and select “Plugins” and “Cell Counter” [3.4.2.-SCREEN].

3.4.1. Talent at computer, opening merged image file, with monitor visible in frame
3.4.2. *To be provided by Authors

3.5. Then click “Initialize” [3.5.1.-SCREEN], select a counter type [3.5.2.-SCREEN] and click on each Ki67 positive nuclei [3.5.3.-SCREEN]; the number of clicked cells will appear next to the selected counter type [3.5.4.-SCREEN].

3.5.1. *To be provided by Authors
3.5.2. *To be provided by Authors
3.5.3. *To be provided by Authors
3.5.4. *To be provided by Authors 

3.6. For automatic cell counting of the total number of nuclei in the 2D images, start the macro recorder [3.6.1.-SCREEN], open a DAPI-image [3.6.2.-SCREEN] and click “Image”, “Type” and “8-bit” [3.6.3.-SCREEN].

3.6.1. *To be provided by Authors
3.6.2. *To be provided by Authors
3.6.3. *To be provided by Authors

3.7. Then click “Enhance contrast” [3.7.1.-SCREEN] and set the ‘saturated’ parameter to “1” and “normalize” [3.7.2.-SCREEN].

3.7.1. *To be provided by Authors
3.7.2. *To be provided by Authors
 
3.8. To sharpen the image, set the “unsharp mask” using a ‘radius’ of “1” and a ‘mask’ of “0.60” [3.8.1.-SCREEN].

3.8.1. *To be provided by Authors 

3.9. To binarise the image, click “auto threshold” [3.9.1.-SCREEN] and choose the “Renyi Entropy” method with ‘white objects on black background’ [3.9.2.-SCREEN].

3.10. Then click “Plugins” [3.10.1.-SCREEN] followed by “BioVoxxel” and “watershed irregular features” with an erosion radius of “5” to separate the cells [3.10.2.-SCREEN].

3.10.1. *To be provided by Authors
3.10.2. [combined with 3.10.1] *To be provided by Authors 

3.11. Click “Analyze” and “Analyze Particles” [3.11.1.-SCREEN] and set the ‘size’ to “0.02-Infinity” and check “summarize” [3.11.2.-SCREEN]; the number of cells will be shown in the summary table as counts [3.11.3.-SCREEN].

3.11.1. *To be provided by Authors
3.11.2. *To be provided by Authors
3.11.3. *To be provided by Authors

3.12. Then click “Create” to save the macro to allow automatic counting of nuclei in further 2D cell culture images [3.12.1.-SCREEN-TXT].

3.12.1. *To be provided by Authors (TEXT: See text for 3D culture fixation/immunostaining/Ki67 analysis details) 

4. In silico tumor model generation and anti-EGFR therapy simulation in HCC827 cells 

4.1. After using known databases to generate a tumor network [4.1.1.-WIDE], open the appropriate network analysis software [4.1.2.-SCREEN], click “File” and “New” and input ‘JoVE_tumor models’ [4.1.3.-SCREEN].

4.1.1. Talent at computer, looking at known database
4.1.2. *To be provided by Authors
4.1.3. *To be provided by Authors  

4.2. Click “OK” to generate a new network [4.2.1.-SCREEN]. Then click “Square Closeup North” and “OK” to visualize the receptor as a double membrane [4.2.2.-SCREEN].

4.2.1. *To be provided by Authors
4.2.2. *To be provided by Authors 

4.3. To visualize the nodes as rectangles, click “Generic Protein”, then ‘EGFR’ (Pronounce: E-G-F-R), then “OK” [4.3.1.-SCREEN-TXT].

4.3.1. *To be provided by Authors (TEXT: Repeat for each node)

4.4. To label the nodes in the network, right click to “Change Color & Shape” [4.4.1.-SCREEN] and set the node color codes as indicated [4.4.2.-SCREEN].

4.4.1. *To be provided by Authors 
4.4.2. *To be provided by Authors

4.5. To visualize the read-out parameters as hexagons, select “Phenotype”, enter ‘proliferation’ and click “OK” [4.5.1.-SCREEN].

4.5.1. *To be provided by Authors 

4.6. Then right click and select “Change Color & Shape” again to set the color code to “255, 204, 204” [4.6.1.-SCREEN-TXT].

4.6.1. *To be provided by Authors (TEXT: Repeat for apoptosis: color code “255,51,204“)

4.7. To visualize the edges of the node interactions, click “State Transition” for activation arrows [4.7.1.-SCREEN] and “Inhibition” for blunted inhibition arrows [4.7.2.-SCREEN-TXT].

4.7.1. *To be provided by Authors
4.7.2. *To be provided by Authors (TEXT: Repeat for each interaction)

4.8. Then click “File” and “Save As” [4.8.1.-SCREEN] and save the generated signaling network as ‘JoVE_tumor models.xml’ [4.8.2.-SCREEN].

4.8.1. *To be provided by Authors 4.8.1.+4.8.2-SCREEN-TXT_Dandekar_FileSave.avi
4.8.2. [combined with 4.8.1] *To be provided by Authors

5. In silico simulation using SQUAD

5.1. For steady state analysis of the system equilibrium, open the SQUAD software [5.1.1.-WIDE], click “Load Network” and upload the ‘JoVE_tumor models.xml’ file [5.1.2.-SCREEN].

5.1.1. Talent at computer, opening software
5.1.2. *To be provided by Authors

5.2.  Click “Run analysis.” [5.2.1.-SCREEN]

5.2.1. *To be provided by Authors

5.3. To write a simulation protocol, click “Advanced” and “Perturbator” [5.3.1.-SCREEN]. Then click “Edit Protocol” to simulate the anti-EGFR resistance [5.3.2.-SCREEN].

5.3.1. *To be provided by Authors
5.3.2. *To be provided by Authors

5.4. Next, click “perturbation” and select the standard “initial state = steady state 4” [5.4.1.-SCREEN].

5.4.1. *To be provided by Authors

5.5. Click “Add” to add the ‘new Constant Pulse’ [5.5.1.-SCREEN]. Then select the “state” parameter and set the target to “FLIP”, the time to “0” and the value to “0.4” [5.5.2.-SCREEN].

5.5.1. *To be provided by Authors
5.5.2. *To be provided by Authors

5.6. Click “OK” and set the states for c-MET (Pronounce: C-met [rhymes with pet]) and gefitinib in the same way [5.6.1.-SCREEN-TXT].

5.6.1. *To be provided by Authors (TEXT: c-MET value 0.4; gefitinib value 1)

5.7. To set a state value to the active EGFR (Pronounce: E-G-F-R) node, click “active node” [5.7.1.-SCREEN]. Then click “Edit,” set the state to “0.8” and click “OK” [5.7.2.-SCREEN-TXT].

5.7.1. *To be provided by Authors
5.7.2. *To be provided by Authors (TEXT: Set all other node states to 0)

5.8. Click “OK” to save the protocol [5.8.1.-SCREEN].

5.8.1. *To be provided by Authors

5.9. To display the specific curves, under the “Options” panel select “EGF-EGFR” (Pronounce: E-G-F-E-G-F-R), “Star-EGF-EGFR”, “Star-MEK” (Pronounce: meck [rhymes with peck]), “caspases”, “(c-MET)” (Pronounce: activated c-MET), “PI3K” (Pronounce: P-I-three-K), “gefitinib”, “apoptosis”, “proliferation”, “MEK-inhibitor” and “PI3K-inhibitor” [5.9.1.-SCREEN].

5.9.1. *To be provided by Authors 

5.10. Then click “Initialize” and “Run” to start a complete simulation of the system’s response [5.10.1.-SCREEN-TXT].

5.10.1. *To be provided by Authors (TEXT: Click “Reset” to start new simulation)

5.11. To simulate a combined PI3K- and MEK-inhibitor treatment, click “Edit Protocol” [5.11.1.-SCREEN].

5.11.1. *To be provided by Authors

5.12. Next, using the same node parameter as just demonstrated, click “perturbation” followed by “Add” to add a ‘new Constant Pulse’ [5.12.1.-SCREEN].

5.12.1. [5.12.1 to 5.13.3 combined] *To be provided by Authors 5.12.1.+5.13.1.+5.13.2.+5.13.3-SCREEN-TXT_Dandekar_AddPI3K.avi

5.13. Then select the “state” parameter [5.13.1.-SCREEN] and set the target to “PI3K-inhibitor”, the time to “0” and the value to “1” [5.13.2.-SCREEN] and click “OK” [5.13.3.-SCREEN]. 

5.13.1. *To be provided by Authors
5.13.2. *To be provided by Authors
5.13.3. *To be provided by Authors

5.14. Click “Add” again to add another ‘new Constant Pulse’ [5.14.1.-SCREEN] and under the “state” parameter, set the target to “MEK-inhibitor” [5.14.2.-SCREEN].

5.14.1. [5.14.1 to 5.15.2 combined] *To be provided by Authors 5.14.1.+5.14.2.+5.15.1.+5.15.2.-SCREEN-TXT_Dandekar_MEKparameter.avi
5.14.2. *To be provided by Authors 

5.15. Set the time to “0” and the value to “1” and click “OK” [5.15.1.-SCREEN], followed by “OK” again to save the protocol [5.15.2.-SCREEN].

5.15.1. *To be provided by Authors
5.15.2. *To be provided by Authors
 
5.16. Under the “Options” panel, using the same nodes for the graphical representation as just demonstrated, click “Initialize” and “Run” to start a complete simulation of the system’s response [5.16.1.-SCREEN]. 

5.16.1. *To be provided by Authors

5.17. Then, to finish the simulation, click “Reset” [5.17.1.-SCREEN].

5.17.1. *To be provided by Authors
6. Results: The effects of gefitinib treatment on cell growth in static and dynamic tumor model systems

6.1. This 3D tumor test system facilitates the determination of the proliferation index [6.1.1.-LM] and the quantification of apoptosis using M30-ELISA [6.1.2.-LM].

6.1.1. Figure 1.tif: no animation
6.1.2. Figure 3.tif: no animation

6.2. In this representative experiment, for example, only EGFR-mutated HCC-827 (Pronounce: H-C-C-eight-two-seven) tumor cells incubated under static culture conditions [6.2.1.-LM] responded to epidermal growth factor inhibition by the tyrosine kinase inhibitor gefitinib [6.2.2.-LM], as evident by the increase in apoptosis observed in the HCC827 tumor model system [6.2.3.-LM].

6.2.1. Figure 3.tif: please highlight the HCC827 top and bottom images
6.2.2. Figure 3.tif: please outline/indicate the bottom HCC827 image
6.2.3. Figure 3.tif: please add/indicate HCC827 data bars

6.3. Here, representative images of static 3D tumor models with [6.3.1.-LM] or without epithelial-mesenchymal inducer TGF-beta-1 stimulation are shown [6.3.2.-LM]. Note the increase in vimentin expression in the treated tumor cell cultures [6.3.3.-LM].

6.3.1. Figure 4.tif: please highlight/indicate top set of images
6.3.2. Figure 4.tif: please highlight/indicate bottom set of images
6.3.3. Figure 4.tif: please outline/indicate bottom right/red image of bottom set of images

6.4. Under dynamic culture conditions, gefitinib exerts a robust effect on EGFR-mutated HCC827 cells as well, as evidenced by the increase in apoptosis and the decrease of tissue-like structures in the presence of the tyrosine kinase inhibitor [6.4.1.-LM] compared to the untreated control culture [6.4.2.-LM].

6.4.1. Figure 5 C and D.tif: please highlight/indicate top layer of cells in right image
6.4.2. Figure 5 C and D.tif: please highlight/indicate top layer of cells in left left image

6.5. In this graph, the simulation of the known driver mutation EGFR [6.5.1.-LM] and c-MET co-activation [6.5.2.-LM], an increased proliferation rate [6.5.3.-LM] and a decreased apoptosis rate [6.5.4.-LM] in HCC827 cells over time are observed, reflecting a gefitinib-induced resistance [6.5.5.-LM] that correlates with the activation of MEK [6.5.6.-LM] and PI3K [6.5.7.-LM].

6.5.1. Figure 6 B.tif: please outline/indicate red data line
6.5.2. Figure 6 B.tif: please outline/indicate bright green data line
6.5.3. Figure 6 B.tif: please outline/indicate salmon data line
6.5.4. Figure 6 B.tif: please outline/indicate violet data line
6.5.5. Figure 6 B.tif: please outline/indicate yellow data line
6.5.6. Figure 6 B.tif: please outline/indicate dark green data line Please replace, no animation
6.5.7. Figure 6 B.tif: please outline/indicate cyan data line

6.6. Indeed, modelling of the combined PI3K- [6.6.1.-LM] and MEK-inhibitors [6.6.2.-LM] results in a reversal of the anti-EGFR resistance effect, a reduction in proliferation and the induction of apoptosis [6.6.3.-LM].

6.6.1. Figure 6 C.tif: please outline/indicate dark grey data line
6.6.2. [bookmark: _GoBack]Figure 6 C.tif: please outline/indicate light grey data line
6.6.3. Figure 6 C.tif: no animation

7. Conclusion (said by authors on camera)
7.1. Lena Müller: Following this procedure, other methods, like Western blot or Phospho-arrays, can be performed to investigate downstream signaling pathways. Moreover, co-culture systems with different cell types may also be used to analyze the cross-talk between various cells in the tumor microenvironment.
7.2. Meik Kunz: This technique paves the way for researchers in the field of drug development to explore drug efficacy in silico.
7.3. Claudia Göttlich: After watching this video, you should have a good understanding of how to predict drug efficacy in stratified patient groups by simulating signaling changes and analyzing the resulting system responses in different mutational backgrounds.

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.  

Figure 1.tif
Figure 3.tif
Figure 4.tif
Figure 5 C and D.tif
Figure 6 B.tif
Figure 6 C.tif

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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