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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) N
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: 

2.2, 2.3, 2.4, 5.2, 5.5, and 5.6

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The intracranial injection. To ensure success, it is essential to achieve an accurate cell concentration for injection and to properly locate the desired coordinates and depth for injection. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of the following experiment is to generate genetically engineered astrocytoma models from defined cell types for phenotypic characterization in vitro and in vivo. (Intro) This is achieved by harvesting wild-type primary cells from non-Cre expressing, neonatal, conditional genetically engineered mice for in vitro culture. (P1) In the second step, the primary cells are infected with an adenoviral vector encoding Cre recombinase to induce genetic recombination of the floxed alleles in vitro. (P2) Next, the recombined cells are serially cultured for their phenotypic characterization. (P3) Ultimately, whether the defined mutations promote gliomagenesis in specific neural cell types is determined by characterization of tumorigenic relevant phenotypes in vitro and in vivo.(P4)
From 51763_Ryan Miller_Schematic Overview.tif

(P1) from (C1), show mouse, then have astrocyte and NSC cell clusters “move out” of mice with accompanying “primary astrocytes” and “primary NSC” texts
(P2) show cell clusters from (P1), then have adenovirus with accompanying “AdCre” text appear, then have adenovirus enter into cell clusters, and have clusters change color to be “transformed” by adenovirus
(P3) show transformed cell clusters, then if possible, have cells enter incubator (e.g., RS2379)
(P4) with “tumorigenic … in vitro” please show Figure 3 merged WT and recombined NSC harvested from TRP-- GEM.tif; with “and their … in vivo” please show Figure 5 merged In vivo gliomagenesis.tif

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

1.1. Ryan Miller: This method can help answer key Neuro-oncology questions, such as what are the phenotypic consequences of astrocytoma-associated mutations?  

1.2. Robbie McNeill: The implications of this technique extend to preclinical drug development for astrocytomas, because these genetically defined cells can be used in vitro and in vivo in immune-competent, syngeneic mice.  

1.3. Ralf Schmid: Visual demonstration of this method is critical, as the cell harvest and orthotopic injection steps are technically difficult and require accurate identification of anatomical structures.

1.4. Ryan Miller: Demonstrating the procedure will be Ryan Bash, a technician 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. Tissue harvest (Ryan Bash)
2.1. To harvest the brain tissue, begin by using ethanol-sterilized dissecting scissors to make a sagittal cut in the skin over the cranium of a 1-3 day old, euthanized neonatal, genetically engineered mouse from the spinal cord to the nose.
2.1.1. WIDE: Few seconds Talent cutting skin over cranium (Videographer: Get more Talent than mouse in this shot) (TEXT: Euthanasia: hypothermia/decapitation) 
2.1.2. CU: Few seconds of incision being made from spinal cord to nose
2.2. Next, make a cut in the cranium along the sagittal suture, starting from the spinal cord and extending past the olfactory bulbs. Then, use curved forceps to gently peel each hemisphere of the cranium laterally away from the brain.
2.2.1. CU: Few seconds cut being made along sagittal suture, starting from the spinal cord past olfactory bulbs (TEXT: Caution: Keep tips near inner surface)

2.2.2. CU: Few seconds of at least one hemisphere being pulled laterally away from brain
2.3. Using straight micro forceps, next gently pinch away the dorsal portion of each cortical hemisphere, taking care to avoid the cerebellum and olfactory bulb, and place the brain tissue into a tissue culture dish containing HBSS.
2.3.1. CU: Few seconds at least one dorsal portion being pinched (Video Editor: If possible, please indicate “Cerebellum” and “Olfactory bulb” with text and accompanying arrow when mentioned)
2.3.2. MED: Talent placing tissue into dish  (TEXT: Take no tissue below corpus callosum)
2.4. Then under a dissecting microscope, use 2 pairs of micro forceps to gently remove the meninges from each cortical hemisphere and place the tissue culture dish back onto the ice.
2.4.1. MED: Few seconds Talent at dissecting microscope, removing meninges OR SCREEN: Few seconds meninges being removed
2.4.2. MED: Talent placing dish on ice
3. Tissue homogenization (Robert McNeill)
3.1. To homogenize the brain tissue, first use a clean razor blade to finely dice the cortical hemispheres. 
3.1.1. WIDE: Few seconds Talent dicing tissue
3.2. Then move the plate to a tissue culture hood and transfer the tissue pieces into a sterile 15 ml conical tube. Rinse the plate with 1 ml of ice-cold HBSS and transfer the wash to the tube as well.
3.2.1. MED: Talent placing plate into hood
3.2.2. MED: Talent adding tissue into conical tube
3.2.3. CU: Few seconds plate being rinsed with HBSS
3.2.4. CU: Wash being added to tube
3.3. After removing the excess HBSS, add 2 ml of room temperature trypsin with EDTA to the tube and dissociate the tissue fragments further by pipetting up and down about 10 times with a 1 ml pipette.
3.3.1. MED: Talent adding trypsin to tube, with trypsin container with label visible in frame if possible
3.3.2. CU: Few seconds fragments being pipetted up and down
3.4. Incubate the cell suspension at 37°C for 15-20 minutes, carefully mixing the cell solution by inversion every 5 minutes.
3.4.1. MED: Talent placing cells in incubator
3.4.2. MED: Few seconds Talent mixing cells by inversion
3.5. After the incubation, mix 3 ml of complete media into the cell suspension to inhibit the trypsin by pipetting up and down 10 times as just demonstrated. Then spin down the dissociated astrocytes.
3.5.1. MED: Few seconds Talent pipetting cells up and down
3.5.2. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 200 x g, RT)
3.6. Carefully remove the supernatant with a 1 ml pipette and resuspend the pellet in 4 ml of 37°C complete media.
3.6.1. CU: Few seconds supernatant being removed, with pellet in shot if visible (TEXT: Do not aspirate/pellet may be loose) 
3.6.2. CU: Shot of pellet (if visible) without supernatant, then media being added  (TEXT: Complete media @ 37°C unless otherwise noted).
3.7. Then transfer the astrocyte suspension to a T75 screw top tissue culture flask and maintain the cortical astrocytes at 37°C in 5% CO2. 
3.7.1. MED: Few seconds Talent dispensing suspension into flask

3.7.2. MED/CU: Talent placing flask in incubator (Multiple takes; shot will be used again)
3.8. Approximately 16 hr after the harvest, wash the flask with 4 ml of 37°C HBSS. Then add 4 ml of complete media and maintain the cortical astrocytes at 37°C in 5% CO2. 
3.8.1. CU: Few seconds flask being washed with HBSS

3.8.2. CU: Media being added to flask

3.8.3. Use 3.7.2. flask into incubator
3.9. When the culture reaches ~95% confluence, shake the culture overnight at 37°C in 5% CO2. Then remove the media containing the detached cells, and wash the plate with 4 more ml of 37°C HBSS. 
3.9.1. CU: Few seconds culture shaking on shaker
3.9.2. MED: Few seconds Talent aspirating media
3.9.3. MED: Few seconds Talent adding HBSS to flask
3.10. Then add 4 ml of fresh complete media and incubate the cells again. 
3.10.1. MED: Talent adding media to flask
3.10.2. Use 3.7.2. flask into incubator
4. Cortical astrocytes preparation for intracranial injection
4.1. 24 hours after enriching the culture for cortical astrocytes, refresh the culture with 2 ml of complete media and then incubate the cells with 1 ml of complete media containing 1 (l of at least 1x1010 pfu/ml of the adenovirus of interest at 32°C in 5% CO2.
4.1.1. WIDE: Talent adding media to flask
4.1.2. MED: Talent adding adenovirus to flask (TEXT: e.g., Ad5CMVCre or Ad5GFAPCre)
4.2. Ad5GFAPCre (Pronounce: add-five-G-fap-cree) infection causes a proliferative advantage in recombined GFAP+ (Pronounce: G-fap) astrocytes, increasing the astrocyte purity from 59% to >90% after 5-9 passages in culture.
4.2.1. LAB MEDIA: 51763_Ryan Miller_Figure2A.tif 

4.2.2. LAB MEDIA: 51763_Ryan Miller_Figure2B.tif (Video Editor: with “from 59%” please highlight the data point at day 1; with “>90%  … culture” please highlight the data points at days 5, 7, 9, and 11)
4.3. After 6 hours, remove the virus-containing media and re-incubate the culture in fresh complete media.
4.3.1. CU: Few seconds media being aspirated pipetted off into a waste container
4.3.2. CU: Flask being placed back into 372°C incubator  (TEXT: Discard virus media under BSL2 safety regulations)    
(Ryan Bash)
4.4. After the cortical astrocytes are harvested at ~90% confluence and the appropriate cell number are resuspended in ice-cold 5% methyl cellulose, place a 250 (l glass syringe into a Repeating Antigen Dispenser and then attach a blunt 18G needle to the syringe. 
4.4.1. MED: Few seconds Talent placing syringe into dispenser
4.4.2. CU: Few seconds needle being attached to syringe
4.5. Use the 18 G needle to aspirate the cortical astrocytes into the syringe and remove any air bubbles, then discard the 18G needle and fit a 27G needle onto the syringe. Press the button on the antigen dispenser until fluid is expelled from the new needle.
4.5.1. MED: Few seconds of Talent aspirating the cortical astrocytes into the syringe and expelling air bubbles from syringe (Authors: Your protocol was running over time, so the bubble expulsion part of the technique was excluded to leave time for the more unique parts of your protocol)
4.5.2. MED: Talent placing needle in sharps container
4.5.3. CU: Shot of 27G needle being placed onto syringe
4.5.4. MED: Talent pressing button on dispenser
5. Orthotopic implantation 
5.1. To implant the astrocytes, next secure a 3-6 month old immunocompetent recipient animal within a stereotaxic frame and make an incision over the sagittal suture approximately 0.5 cm long between the ears and eyes.
5.1.1. WIDE: Few seconds Talent securing animal in frame (Videographer: Get more Talent than mouse in shot) [TEXT: Anesthesia: 250 mg/kg Avertin (2,2,2 Tribromoethanol) i.p.]
5.1.2. CU: Few seconds incision being made
5.2. Locate the intersection of the coronal and sagittal sutures, or the Bregma, as well as the intersection of the lambdoid and sagittal sutures, or the Lambda. 
5.2.1. ECU: Shot of Bregma, if possible, intersection being indicated with dissecting needle or other appropriate tool (Video Editor: if possible/necessary, please indicate “Bregma” with text and accompanying arrow when mentioned)
5.2.2. CU: Shot of Lambda, if possible, intersection being indicated with dissecting needle or other appropriate tool (Video Editor: if possible/necessary, please indicate “Lambda” with text and accompanying arrow when mentioned)
5.3. After ensuring that Bregma and Lambda are in the same horizontal plane, attach the syringe and the repeating antigen dispenser to the stereotaxic frame over the animal’s head and bring the tip of the needle into contact with the Bregma.
5.3.1. MED: Few seconds syringe and dispenser being attached to frame (Videographer: Split action into separate shots as necessary)
5.3.2. CU: Last few seconds needle being placed into contact with Bregma (TEXT: 3D coordinates origin).
5.4. Raise the needle slightly off the skull surface and move 2 mm lateral and 1 mm rostral from the Bregma. Then lower the needle carefully through the skull to its destination 4 mm ventral from the Bregma and activate the repeating antigen dispenser one time to inject 5 (l of the cell suspension. 
5.4.1. CU: Needle being raised slightly and then moved

5.4.2. CU: Few seconds of needle being lowered through skull

5.4.3. CU: Dispenser being activated OR CU: Cell suspension being injected
5.5. Leave the needle in place for 2 minutes to allow the intracranial pressure to equilibrate and then withdraw the needle slowly over a period of 30 seconds, using a cotton swab to apply pressure to any bleeding that may occur.
5.5.1. CU: Shot of needle in place, then few seconds needle being slowly withdrawn
5.5.2. CU: Few seconds cotton swab being applied
5.6. Finally, use tissue adhesive to approximate the wound edges and to close the incision and then place the animal in a clean, warm cage to recover.
5.6.1. CU: Few seconds adhesive being placed/incision being closed
5.6.2. MED: Talent placing animal in cage (Videographer: More Talent than mouse in shot)
6. Results: Representative orthopically implanted cortical astrocytes
6.1. Xenografts of established human cell lines require immunodeficient hosts and generally don’t recapitulate the histopathology of human astrocytomas. For example, U87MG (Pronounce: U-eighty-seven-M-G) orthotopic xenografts form circumscribed tumors that do not invade a normal brain.

6.1.1. LAB MEDIA: 51763_Ryan Miller_Figure5A.tif 

6.2. In contrast, injection of TRP-/- (Pronounce: T-R-P null) [TEXT: TgGZT121 (T), KrasG12D (R), and homozygous Pten deletion (P-/-)] astrocytes into the brains of immune-competent, syngeneic mice yields tumors that recapitulate the histological features of their human counterparts, particularly the invasion of normal brain tissue. 
6.2.1. LAB MEDIA: 51763_Ryan Miller_Figure5B.tif

6.3. To monitor the TRP-/- allograft growth, mice were sacrificed every 5 days after cell injection and the tumor burden was determined by quantifying the tumor area on H&E-stained brain sections. The tumor area was determined to increase exponentially over time …

6.3.1. LAB MEDIA: 51763_Ryan Miller_Figure5C.tif (Video Editor: with “The tumor area … time” please add/highlight/indicate the data curve)

6.4. …and the orthotopic injection of 1x105 of the TRP-/- astrocytes into the recipient brains led to neurological morbidity, with a median survival of 22 days.
6.4.1. LAB MEDIA: 51763_Ryan Miller_Figure5D.tif (Video Editor: with “neurological morbidity” please outline/add/indicate the data line; “with … days” please drop a dotted line down from the data line at ~22 days to the ~22 day point on the x-axis)

6.5. Longitudinal imaging in vivo has been used to define tumor growth kinetics. Therefore, in this experiment, TRP-/- astrocytes engineered to express luciferase were injected into the brains of immune-competent, syngeneic littermates and tumor growth was determined by serial bioluminescence imaging.
6.5.1. LAB MEDIA: 51763_Ryan Miller_Figure7A.tif (Authors: Please submit Figure 7A as its own .tif, .psd, or.ai file) (Video Editor: with “tumor growth … imaging” please stretch an arrow from the bottom of the first image across to the last image OR if possible, show first image with day text and then have each image consecutively appear with corresponding day text)

6.6. A 15-fold increase in the bioluminescence was observed over a period of 16 days. 
6.6.1. LAB MEDIA: 51763_Ryan Miller_Figure7B.tif (Authors: Please submit Figure 7B as its own .tif, .psd, or.ai file) (Video Editor: Please add/highlight/indicate the data line)
7. Conclusion (said by authors on camera)
7.1. Robbie McNeill: Following this procedure, drug testing can be performed in vitro and in vivo to determine efficacy and to test novel drug combinations.
7.2. Ryan Miller: After watching this video, you should have a good understanding of how to harvest cortical astrocytes from non-Cre expressing, conditional, genetically engineered mice, how to induce genetic recombination in vitro, and how to model tumorigenesis using orthotopic allografts in immune-competent mice.

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.  
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(Authors: Please submit Figures 7A and 7B as their own individual .ai, .tif, or .psd files)

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.
( 2011, Journal of Visualized Experiments


