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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include detailed, step-by-step, 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.-2.5., 3.3., 3.4., 5.2., 5.3. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 5.2., 5.3. 
E.  Will the filming need to take place in multiple locations? Y, different floors same building 

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 protocol is to demonstrate the proper techniques for monitoring tumor cell and intracranial tumor growth using in vivo bioluminescence imaging to verify the utility of luciferase modification of GL261 (Pronounce: G-L-two-sixty-one) murine tumor cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Rintaro Hashizume: This method can help answer key questions in the study of tumor immunology and immunotherapeutic approach, such as whether luciferase modification affects GL261 cell proliferation and growth in vivo. 

1.2. Quanghong Ma: The main advantage of this technique is that luciferase-modification of GL261 tumor cells facilitates the non-invasive monitoring of their growth and responses to treatment in situ.

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

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Northwestern University.
Protocol (read by voice talent at JoVE):
2. Induction of GL261 firefly luciferase reporter expression
2.1. When the GL261 luciferase cell culture reaches 70% confluency in a T-75 flask [2.1.1.-WIDE], harvest the cells by trypsinization [2.1.2.-MED].
2.1.1. Few seconds Talent at microscope, checking confluency
2.1.2. Talent adding trypsin to flask, with trypsin container visible in frame
2.2. Count the cells [2.2.1.-CU] and then transfer them to a 24-well plate at graduating densities [2.2.2.-MED-TXT].
2.2.1. Few seconds counter being clicked OR cells being added to hemacytometer OR similar
2.2.2. Few seconds Talent adding cells to at least one well (TEXT: 1 x 106, 5 x 105, 2.5 x 105, 1 x 105, 5 x 104, 2.5 x 104 cells/well)
2.3. After 3 hours in a cell culture incubator [2.3.1.-MED], open the bioluminescence imaging software [2.3.2.-MED-over the shoulder/MED] and initialize the imaging system [2.3.3.-SCREEN MED].
2.3.1. Talent removing plate from incubator (TEXT: 37°C, 5% CO2, + humidity)

2.3.2. Talent at computer, opening software (Multiple takes; shot will be used again) (Video Editor: use MED-over the shoulder shot)

2.3.3. *To be provided by Authors Because of security reasons, Northwestern University does not allow me to download any software to the computor in the bioluminescence imaging room. We will not be able to make a screenshot for any steps for the bioluminescence image.
Added shot: Talent at computer, initialize the imaging system.

2.4. When the camera has cooled to -90°C [2.4.1.-CU/SCREEN], set the imaging software to “Luminescent” with a “10 second” exposure time and a “Medium” binning [2.4.2.-SCREEN MED].
2.4.1. Shot of camera temperature readout showing -90 92°C The camera temperature shows -92 degree (did not stop at -90 degree).   No effect on bioluminescence imaging system.
2.4.2. *To be provided by Authors
Added shot: Talent at computer, set the imaging software to “Luminescent” with a “10 second” exposure time and a “Medium” binning.
2.5. Then incubate the cells in 25 microliters of luciferin per well for 1 minute at room temperature [2.5.1.-CU-TXT] and place the plate on the imaging station [2.5.2.-CU].
2.5.1. Luciferin being added to at least one well, with luciferin container label visible in frame if possible (TEXT: See text for all media/reagent preparation details)
2.5.2. Plate being placed onto station
2.6. Select “Acquire” to start the imaging [2.6.1.-SCREEN MED]. When an image has been successfully obtained, an image window and tool palette will appear [2.6.2.-SCREEN MED].
2.6.1. *To be provided by Authors
Added shot: Talent at computer, Select “Acquire” to start the imaging.
2.6.2. *To be provided by Authors 
Added shot: When an image has been successfully obtained, an image window and tool palette will appear at the computer.
2.7. Click the “Regions of Interest Tools” [2.7.1.- SCREEN MED] and select 6x4 from the slit icon [2.7.2.- SCREEN MED].
2.7.1. *To be provided by Authors 
Added shot: Talent at computer, click the “Regions of Interest Tools”.
2.7.2. *To be provided by Authors
2.7.3. Added shot: Talent at computer, select 6x4 from the slit icon.
2.8. Cover the area of signal with 6x4 slits [2.8.1.- SCREEN MED] and select the pencil icon on the measurements tab [2.8.2.- SCREEN MED]; a window with a table of region of interest measurements as units of photons per second per steradian per square cm will appear [2.8.3.- SCREEN MED -TXT].
2.8.1. *To be provided by Authors
Added shot: Talent at computer, cover the area of signal with 6x4 slits.
2.8.2.  *To be provided by Authors 
Added shot: Talent at computer, select the pencil icon on the measurements tab.
2.8.3.  *To be provided by Authors (TEXT: + control: lentivirus-modified U87.luc cells) 
Added shot: a window with a table of region of interest measurements as units of photons per second per steradian per square cm will appear (TEXT: + control: lentivirus-modified U87.luc cells).
3. In vitro proliferation assay
3.1. To perform an in vitro proliferation assay, harvest the cell cultures as just demonstrated when they reach 70% confluency [3.1.1.-WIDE-TXT] and use a multi-channel pipette to plate the tumor cells in 20 wells each of a 96-well plate at 1.5x103 cells/80 microliters of RPMI medium per well [3.1.2.-MED-over the shoulder]. 
3.1.1. Talent adding trypsin to at least one flask, with both flasks visible in frame (TEXT: GL261 + GL261.luc cell cultures)
3.1.2. Talent adding tumor cells to at least one well of second set of 20 wells, with first set of 20 wells with cells visible in frame and cell culture flasks visible if possible
3.2. To limit the evaporation of the cell cultures, fill the surrounding empty wells with 100 microliters of fresh RPMI medium [3.2.1.-MED-over the shoulder].
3.2.1. Talent adding RPMI to at least one well, with RPMI container (and not flasks) visible in frame if possible
3.3. Then, to assess the cellular proliferation, add 20 microliters of MTS reagent to each well of cells [3.3.1.-CU] and incubate the plate at 37°C and 5% CO2 [3.3.2.-CU].
3.3.1. MTS being added to at least one well, with MTS container label visible in frame Take 2 best
3.3.2. Plate being placed into incubator
3.4. After 3 hours, use a microplate reader to measure the absorbance at 490 nm [3.4.1.-MED-TXT].
3.4.1. Talent adding plate to microplate reader (TEXT: Repeat days 1, 2, 4 and 7)
3.5. To normalize the absorbance values, divide the values from each day by the corresponding readings obtained on day one [3.5.1.-LM].
3.5.1. Figure 2_JoVE_Hashizume R.pdf: please add/highlight data lines
4. Tumor Cell Implantation
4.1. On the day of implantation, suspend 1x105 cells/microliter in HBSS without calcium and magnesium from a 70% confluent tumor cell culture [4.1.1.-WIDE].
4.1.1. Talent adding HBSS to cells, with cell culture flask visible in frame
4.2. Next, after confirming the appropriate level of sedation by toe pinch [4.2.1.-ECU-TXT], shave the top of the head of each experimental animal [4.2.2.-CU].
4.2.1. Animal’s toe being pinched (TEXT: Anesthesia: 100 mg/kg ketamine + 10 mg/kg xylazine ip)
4.2.2. Few seconds one mouse being shaved
4.3. Using a cotton-tip application, clean each skull with 2% chlorhexidine [4.3.1.-CU]. Then apply lubricant to the eyes of each mouse [4.3.2.-ECU].
4.3.1. Few seconds skull being cleaned
4.3.2. Few seconds lubricant being applied to one eye 
4.4. Now use a sterile scalpel to make a sagittal incision approximately 1 cm long over the parieto-occipital bone of the first animal [4.4.1.-CU/MED-TXT] and clean the surface of the skull again with 3% hydrogen peroxide [4.4.2.-CU], noting the apparent bregma [4.4.3.-CU].
4.4.1. Few seconds incision being made (Multiple takes; shot will be used again) (TEXT: Autoclave sterilize all surgical instruments) (Video Editor: use CU shot)
4.4.2. Few seconds skull being cleaned
4.4.3. Shot of clean skull (Video Editor: please indicate bregma) 
4.5. Then, using a sterile 25 gauge needle, drill a 3 mm hole in the skull to the right of the bregma and just behind the coronal suture [4.5.1.-CU].
4.5.1. Needle enters frame then few seconds hole being drilled (Video Editor: please indicate bregma and coronal suture if necessary/appropriate)
4.6. To ensure the appropriate injection depth, use a scalpel to cut 3 mm off the pointed end of a 20 microliter pipette tip [4.6.1.-CU] and slide a 26 gauge Hamilton syringe into the tip until 3 mm of the needle are sticking out of the end of the tip [4.6.2.-CU].
4.6.1. Few seconds tip being cut
4.6.2. Few seconds needle sliding out of tip
4.7. Insert the needle into the hole in the skull [4.7.1.-CU] and slowly inject 3 microliters of 3x105 of the tumor cells over a 1 minute period [4.7.2.-CU].
4.7.1. Few seconds needle being inserted
4.7.2. Few seconds tumor cells being dispensed 
4.8. Leave the needle in place for another minute [4.8.1.-CU] and then slowly withdraw it [4.8.2.-CU].
4.8.1. Shot of needle in place
4.8.2. Few seconds needle being removed 
4.9. Swab the exposed bone with 3% hydrogen peroxide and 2% chlorhexidine solution [4.9.1.-CU].
4.9.1. Few seconds bone being swabbed
4.10. Then, after drying the skull with a fresh cotton-tip applicator [4.10.1.-CU], cut out a 3 mm2 piece of sterile bone wax [4.10.2.-CU] and attach the wax to the bare end of a cotton-tip applicator [4.10.3.-CU].
4.10.1. Few seconds skull being dried
4.10.2. Few seconds wax being cut
4.10.3. Few seconds wax being attached to applicator  
4.11. Cover the injection site with the bone wax [4.11.1.-CU]. Then use forceps to draw each side of the scalp over the wax [4.11.2.-CU].
4.11.1. Few seconds wax being placed over sit
4.11.2. Few seconds scalp being pulled over wax
4.12. After closing the wound and administering the appropriate post-operative analgesia [4.12.1.-CU], repeat the procedure for each experimental animal [4.12.2.-MED-TXT].
4.12.1. Shot of analgesia being administered, with closed wound visible in frame if possible Take 2 best
4.12.2.  Use 4.4.1. Few seconds Talent making sagittal incision (TEXT: See text for complete post-operative monitoring details)
5. Bioluminescence GL261 tumor growth imaging 
5.1. To image the growth of the intracranial tumor, first initialize the imaging station as just demonstrated [5.1.1.-WIDE].
5.1.1. Few seconds Talent at computer, setting up initialization
5.2. Next, after confirming the appropriate level of sedation by tail pinch [5.2.1.-CU-TXT], set up the imaging system parameters as just demonstrated [5.2.2.-MED], with the exception of selecting “Auto” for the exposure time [5.2.3.- SCREEN MED].
5.2.1. One tail being pinched (TEXT: Anesthesia: 100 mg/kg ketamine + 10 mg/kg xylazine + 150 mg/kg D-Luciferin potassium salt ip)
5.2.2. Use 2.3.2. Talent opening software

5.2.3. *To be provided by Authors

Added shot: Talent at computer, select “Auto” for the exposure time.
5.3. When the imaging system is ready, place the mice onto the imaging station [5.3.1.-MED-TXT] and select “Acquire” to obtain images of the luciferase expression [5.3.2.- SCREEN MED].
5.3.1. Talent placing mice onto stage (Videographer: More Talent than mice in shot) (TEXT: Note: Image same time after each injection)
5.3.2. *To be provided by Authors
Added shot: Talent at computer, select “Acquire” to obtain images of the luciferase expression.
5.4. When the image has been successfully acquired [5.4.1.- SCREEN MED], select the “region of interest tool” from the tool palette and “Auto” from the circle icon [5.4.2.- SCREEN MED].
5.4.1. *To be provided by Authors
Added shot: The image has been successfully acquired on the computer screen.
5.4.2. *To be provided by Authors
Added shot: Talent at computer, select the “region of interest tool” from the tool palette and “Auto” from the circle icon.

5.5. Encircle the areas of signal to define the regions of interest [5.5.1.- SCREEN MED] and then obtain measurements of the regions as units of photons per second per steradian per square cm [5.5.2.- SCREEN MED].
5.5.1. *To be provided by Authors
Added shot: Talent at computer, Encircle the areas of signal to define the regions of interest.

5.5.2. *To be provided by Authors
Added shot: Talent at computer, obtain measurements of the regions as units of photons per second per steradian per square cm.

5.6. Finally, remove the mice from the imaging chamber [5.6.1.-MED] and monitor the tumor-bearing animals until they are fully recovered [5.6.2.-CU].
5.6.1. Talent removing mice from chamber

5.6.2. Few seconds fully recovered mice moving around in cage
6. Results: Representative in vitro and in vivo GL261 luciferase expression
6.1. In vitro bioluminescence imaging of GL261 cells infected with luciferase-containing lentivirus exhibit a robust luciferase expression [6.1.1.-LM] similar to the luciferase levels expressed by a positive control U87 MG (Pronounce: U-eighty-seven-M-G) luciferase human glioblastoma cell line [6.1.2.-LM].

6.1.1. Figure 1_JoVE_Hashizume R.pdf: please highlight/outline/indicate first 3 GL261.LUC wells

6.1.2. Figure 1_JoVE_Hashizume R.pdf: please highlight/outline/indicate first 3 U87MG.LUC wells
6.2. As expected, uninfected GL261 cells display no background luciferase expression [6.2.1.-LM].
6.2.1.  Figure 1_JoVE_Hashizume R.pdf: please highlight/outline/indicate first 3 GL261 wells
6.3. Before intracranial implantation, no difference in in vitro growth rates of GL261 luciferase [6.3.1.-LM] and GL261 cell lines is observed [6.3.2.-LM].
6.3.1. Figure 2_JoVE_Hashizume R.pdf: please add/trace/indicate dotted data line

6.3.2. Figure 2_JoVE_Hashizume R.pdf: please add/trace/indicate solid data line
6.4. As serial bioluminescence imaging of intracranial tumor injected animals demonstrates, GL261 luciferase-expressing tumor cells also exhibit a rapid and consistent growth rate in vivo [6.4.1.-LM], with no significant difference in survival rates between the experimental tumor-bearing groups observed [6.4.2.-LM].
6.4.1. Figure 3A.pdf: please add/trace/indicate data line

6.4.2. Figure 3B.pdf: please add/trace/indicate data lines
7. Conclusion (said by authors on camera)
7.1. Quanghong Ma: Once mastered, this technique can be used to image as many as 25 mice/hour if it is performed properly.

7.2. Rintaro Hashizume: After its development, this technique enhanced the ability of bioluminescence imaging to be used for monitoring GL261 tumor growth in vivo, furthering the investigation of immunotherapeutic responses in immnucompetent mouse models.
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_JoVE_Hashizume R.pdf:

Figure 2_JoVE_Hashizume R.pdf:

Figure 3A.pdf

Figure 3B.pdf
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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