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Authors, please fill out the brief questionnaire below.  This is similar to the pre-script questionnaire for the scriptwriter but is for the benefit of the videographer. Therefore, the steps listed should refer to those in THIS document. 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No. Final images will be provided. Microscope: Evos AMG FL.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
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.) ___________________________________________

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? 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 goal of this experiment is to model the interaction of glioblastoma cells with microglia and macrophages during invasion in an in vitro assay. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Salvatore Coniglio (SJC): This method can help answer key questions in the tumor microenvironment field, such as which compounds or treatments can interfere with cancer interaction with macrophages during progression to malignancy. 

1.2. SJC: The main advantage of this technique is that it is relatively easy to perform and can be completed in a reasonable time frame. It seems to accurately model glioblastoma invasion in vivo.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** SJC: Demonstrating the procedure will be Victor Suarez and Yuriko Root, from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. 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. Pre-coated Matrix Chamber Coculture Invasion Assay

2.1. Begin by differentiating the cell line of interest using phorbol myristate acetate as follows [1-MED-TXT]: first, plate 2 to 3 x 105 THP-1 cells in 1.5 milliliters of medium in a 6-well culture plate [2-MED-over the shoulder-TXT]. 
2.1.1. Talent retrieves the PMA from either the shelf/freezer. TEXT: PMA
2.1.2. Talent at the tissue culture hood pipetting re-suspended cells from a tube into the wells of a 6-well plate. TEXT: RPMI + 10% FBS
2.2. Immediately after plating add 100 nM of PMA [1-CU], and incubate at 37 (C and 5% CO2 for 48 hours [2-WIDE]. 
2.2.1. PMA is added to a well. 

2.2.1b continuation of shot added
2.2.2. Plate is placed in the incubator. 
2.3. After 48 hours, remove the PMA by aspirating the media [1-MED], wash once with 1X PBS [2-CU], and add fresh media [3-MED]. Incubate for another 48 hours until cells are ready to use in the assay [4-WIDE].
2.3.1. Talent aspirating media from plate.  
2.3.2. PBS is aspirated from a well

2.3.3. Talent adding media to the wells of the plate. 

2.3.4. Talent places the plate in the TC incubator. 
2.4. Then, equilibrate matrix-pre-coated chambers by placing them in a well containing 500 microliters of media without serum [1-MED], and then adding 500 microliters of serum-free media to the top [2-CU]. Incubate the chambers for 2 hours at 37 (C and 5% CO2 [3-MED]. 
2.4.1. *film as written. 
2.4.2. *film as written. 
2.4.3. Talent places the chambers into the incubator next to the dish of PMA-treated cells. 
2.5. Next, gently aspirate the media from the culture vessels containing the fluorescently labeled glioblastoma cell lines and the microglia and macrophages [1-MED-TXT]. Then add 500 microliters of 2 mM EDTA in PBS [2-CU/MED], and incubate for 5 to 10 minutes in the tissue culture incubator [3-MED-over the shoulder].
2.5.1. Talent at TC hood with 2 or 3 flasks of cells. Talent aspirates media from one of the flasks (TEXT: See written protocol for details of fluorescent labeling). 
2.5.2. *film as written. Shot will be reused once. 
2.5.3. Talent places culture vessel in the incubator next to the PMA-treated cells. 
2.6. Collect the cells in 5 milliliters of media containing 0.3% Bovine Serum Albumin [1-MED-TXT], and centrifuge for 5 minutes at 120 x g [2-MED-over the shoulder].
2.6.1. Talent at the TC hood with the flasks. Talent adds 5 ml of media to one flask and collects the cells. TEXT: MSFM/0.3% BSA for GL261 cells and microglia. RPMI/0.3% BSA for U87 and THP-1 cells. 
2.6.2. Talent places the tubes of cells into the centrifuge and closes the lid. 
2.7. Following the centrifugation, aspirate the supernatant and re-suspend the cell pellet in appropriate media to a concentration of 1 x 106 cells per milliliter [1-MED]. Use a hemocytometer to count the cells [2-MED-over the shoulder].
2.7.1. Talent re-suspends the cell pellet in the appropriate media. 
2.7.2. Talent places a hemocytometer loaded with cells on the stage of the microscope and moves to look through the oculars. Labeled 2.6.2b
2.8. Next, add 500 microliters of the appropriate media containing 0.3% BSA to the wells of a 24-well plate [1-MED].
2.8.1. Talent adds same media as used in to 24-well plate. 
2.9. Then remove the media from the equilibrated chambers [1-CU], and place the chambers in the wells of the 24-well plate [2-CU]. 
2.9.1. Media is aspirated from a couple of the equilibrated chambers. 
2.9.2. [combined with 2.9.1] A chamber is placed in the plate. Other chambers are already in position. 

2.10. If inhibitors are being used to study their effect on macrophage or microglia stimulated glioma invasion [1-MED], add the appropriate concentration to both the bottom [2-CU] and top portions of the chamber [3-CU]. 
2.10.1. Talent retrieves labeled tube of Getifinib stock or other inhibitor used in figure 2C from the fridge or freezer. The label is clearly visible. 

2.10.2. Diluted inhibitor is added to the bottom portion of the chamber. 

2.10.3. Diluted inhibitor is added to the upper portion of the chamber. 
2.11. Depending on the cell line used, mix glioblastoma cells and mouse microglia, or glioma cells and macrophage cells according to the details in the written portion of the protocol [1-MED-over the shoulder]. 
2.11.1. Detail not required. Show Talent working at the TC hood mixing the cells of different types in the vessel that is usually used for this purpose by the lab. 
2.12. Add the cell mixture to the top chamber [1-MED], and incubate for 24 or 48 hours depending on cell type [2-MED-over the shoulder-TXT]. 
2.12.1. *film as written. 
2.12.2. Talent places the chambers into the incubator. (TEXT: See written portion of the protocol for details).  
2.13. After the incubation, remove the cells from the top of the chamber by gentle aspiration [1-CU]. Then place the chambers in 3.7% formaldehyde in PBS to fix [2-MED]. Allow the chambers to remain in fixative for 15 minutes at room temperature [3-MED/CU-TXT]. 
2.13.1. *film as written.

2.13.2. *film as written. 

2.13.3. Talent presses start on a countdown timer set to 15 minutes and placed next to the fixing chambers (TEXT: Alternatively incubate overnight at 4 (C). Shot will be reused once. 
2.14. Finally, remove the fixative by gentle aspiration [1-CU], and replace with 500 microliters of 1X PBS [2-MED-over the shoulder/MED]. 
2.14.1. *film as written. 
2.14.2. [combined with 2.14.1, various angles obtained] *film as written. TEXT: The cells are now ready to to be imaged. Shot will be reused once. 
3. Invasion Assay: “3D” Embedding of Glioma and Macrophages or Microglia in Matrix 
3.1. First, thaw the matrix mix at 4 (C overnight [1-MED]. 
3.1.1. Talent places the matrix mix in the fridge or in the cold room. 
3.1.1b added showing prechilled pipette tips
3.2. Next, prepare a 10 milligrams per milliliter concentration of matrix in the appropriate media on ice [1-MED].
3.2.1. Talent, working in the hood and with reagents on ice, dilutes the matrix mix in media TEXT: MSFM or RPMI with 0.3% BSA. 
3.3. Then harvest the labeled cells for suspension in matrix as previously shown [1-MED]. 
3.3.1. Use 2.5.2
3.4. Then pipette 1.5 x 105 GL261 cells in a 150 microliter volume [1-MED], plus 5 x 104 microglia cells in 50 microliters, into a 1.5 mL microfuge tube [2-CU]. Add 2 x 105 GL261 cells in a 200 microliter volume into a separate 1.5 mL microfuge tube [3-MED].  
3.4.1. Talent pipettes from a tube labeled ‘GL261’ into a 1.5ml microcentrifuge tube. 
3.4.2. 50 microliters of cell suspension is added to the tube. 
3.4.3. Talent pipettes from a tube labeled ‘GL261’ into another 1.5ml microcentrifuge tube. (continuation of 3.4.1, same shot, different tube) TEXT: GL261 cells alone without microglia serve as a control.
3.5. Spin the cells in a microfuge for 5 minutes at 120 x g [1-MED-over the shoulder]. Then re-suspend the cells in 200 microliters of cold matrix on ice [2-MED].
3.5.1. Talent loads microfuge and starts it spinning. 
3.5.2. *film as written. 
3.6. SJC, Step   3.5: Have an ice tray ready in the hood and keep tubes chilled. Have tips in refrigerator as well. Always make sure the matrix is kept on ice and NEVER left at room temperature even for a short time as it may cause polymerization of your stock [1-INT]. 
3.6.1. Talent (SJC) to camera. 
3.7. After resuspension, plate 50,000 cells in a 50 microliter volume onto the center of the top compartment of an 8-micron pore size chamber insert [1-CU], then incubate at 37 °C for 30 minutes to allow polymerization to occur [2-MED].
3.7.1. The cells are pipetted onto the chamber insert. 

3.7.2. The loaded chamber insert is placed in the incubator. 
3.8. After 30 minutes, add 200 microliters of serum-free medium to the upper chamber [1-CU], and 700 microliters of serum-containing cell growth medium to the lower well [2-CU]. 
3.8.1. Medium is added to the upper chamber. 
3.8.2. Media is added to the lower chamber. 
3.9. After incubating for 48 hours [1-MED], remove the cells from the top part of the chamber by gentle aspiration [2-CU], fix the chambers as before [3-MED-TXT], and replace the fixative with 500 microliters of 1X PBS before imaging the cells [4-MED]. 
3.9.1. Talent wearing something different to signify the passage of time retrieves the plate from the TC incubator. 
3.9.2. *film as written. 
3.9.3. Use 2.13.3. TEXT: 3.7% formaldehyde in PBS for 15 minutes at room temperature, or overnight at 4 (C.
3.9.4. Use 2.14.2.

shot slated "4 Imaging" was a b roll shot of talent at scope and can be used as a transition into lab media section
4. Results: Microglia and Macrophage Enhancement of Glioblastoma Cell Invasion 
4.1. This representative image shows invading mCherry-expressing GL261 cells in the absence of microglia.  The cells were plated on matrix-coated chambers, and incubated for 48 hours. The images were taken using a 10X objective and the scale bar represents 400 microns [1-LM]. Here the GL261 cells were combined with microglia [2-LM]. 
4.1.1. LAB MEDIA: 53990_Coniglio_2A. Show left image. 
4.1.2. LAB MEDIA: 53990_Coniglio_2A. Bring in right image. 
4.2. The number of GL261 invasive cells that crossed the filter were quantified. As seen here, coculturing the mouse glioblastoma cell line GL261 with microglia enhances its invasion by up to 10 fold in the 2D assay [1-LM].
4.2.1. LAB MEDIA: 53990_Coniglio_2B. Show image. 
4.3. This image shows the effect of pharmacological inhibitors on microglia-stimulated GL261 invasion compared to DMSO control. Data shown are from six independent experiments [1-LM].
4.3.1. LAB MEDIA: 53990_Coniglio_2C
4.4. This assay was successfully employed using human cell lines as well. U87 cells plated on matrix-coated chambers and stained with CMFDA-green are shown after a 24-hour incubation [1-LM]. Here, the U87 cells were plated with differentiated THP1 macrophages [2-LM]. 
4.4.1. LAB MEDIA: 53990_Coniglio_3A. Show left image. 
4.4.2. LAB MEDIA: 53990_Coniglio_3A. Bring in right image. 
4.5. This image shows quantitation of the assay counting only invasive U87 cells. The human macrophage cell line THP1 stimulated U87 glioblastoma cell invasion. Data shown are the mean values from ten independent experiments [1-LM].
4.5.1. LAB MEDIA: 53990_Coniglio_3B
4.6. This image from a 3D invasion assay of GL261 and microglial coculture is a composite from a Z-series of images and shows GL261 cells stained with CMFDA green embedded in matrix alone [1-LM]. Here the GL261 cells were co-cultured with murine microglia labeled with CMPTX red [1-LM]. 
4.6.1. LAB MEDIA: 53990_Coniglio_4A. Show left image. 
4.6.2. LAB MEDIA: 53990_Coniglio_4A. Bring in right image.  
4.7. Here, GL261 cells on the underside of the filter, which are determined to be invasive, are shown. The total number of invading GL261 cells was determined and normalized to that of GL261 cells in monoculture. Data shown represent the mean of three independent experiments performed in duplicate [1-LM]. 
4.7.1. LAB MEDIA: 53990_Coniglio_4B
5. Conclusion (said by authors on camera)
5.1. SJC: Once mastered, this technique can be done in 2 Hours if it is performed properly.

5.2. SJC: While attempting this procedure, it’s important to remember to have everything ready and to pipette at 4 degrees. 
5.3. SJC: After watching this video, you should have a good understanding of how to establish glioblastoma and macrophage/microglia coculture invasion assays.   

*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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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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