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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
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? 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 highlight these steps in the current script. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please make note this step using the special interview section (see below).
E.  Will the filming need to take place in multiple locations? (Y/N) ____NO___ If yes, how far apart are the locations? 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The goal of this procedure to create novel models for glioblastomas, and, ultimately, develop novel therapeutic approaches by inducing the formation of glioblastomas harboring specific genetic mutations in mice.  (Intro)  This is accomplished by first creating transposon plasmids encoding the specific genes of interest. (P1) The next steps are to prepare the plasmids with a transfection reagent (P2) and inject them into the lateral ventricle of neonatal mice.  Uptake and tumor progression are then monitored by bioluminescence. (P3)  When the animals become moribund, they are sacrificed for histological and immuno-histochemical analysis. (P4) Thus, new glioblastomas with specific genetic alterations are induced in wild-type or targeted genetic backgrounds. These tumors can be studied in vivo or used in vitro to generate new cell lines amenable to biochemical analyses and cytotoxicity experiments using chemotherapeutic agents. (P5) 
Video editor:

P1 – Animate the combination of Sleeping Beauty with plasmid of interest to get New Sleeping Beauty.  This is a standard animation where the multicolor opens up at specific position and the orange bar is released from the plasmid of interest and inserts itself into the opening in the multicolor circle. 

P2 – Animate the blue solution being combined with the red solution, to get the transfection cocktail (increase its volume).  Then add the clock.  Then, animate the syringe loading up some of the cocktail.

P3 – Animate the brain being injected. 

P4 – Have the red circle spread and fade in from the injection point, while the titles are shown to emphasize the time passed and that moribund mice are sacrificed.

P5 – Show figure panel 4a and then figure 6.
[image: image1.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Alexandra Calinescu: The main advantage of this technique over existing methods, like orthotopic injections of glioblastomas cell lines, is that tumors are induced by the malignant transformation of cells endogenous to an immuno-competent animal using specifically chosen genetic alterations. This process reproduces more closely the etiology of the human disease and recapitulates the salient histo-pathological features of human GBM.  
1.2. Felipe Nunez: This method can help answer key questions in the field of neuro-oncology, such as “what are the driver mutations responsible for inducing the different types of GBM: classical, proneural, neural and mesenchymal in children or adult GBM?”
1.3. Carl Koschmann: The implications of this technique extend toward therapy of GBM since novel chemotherapeutics, radiation, immune therapies or a combination thereof can be relatively quickly tested in vivo or in vitro using this model.  
1.4. Maria Castro: I first had the idea for this method, when I discussed with my colleague Dr. John Ohlfest at the University of Minnesota, who had developed the initial brain tumor model using The Sleeping Beauty transposase mediated integration of oncogenes and inhibitor of tumor suppressor genes into the host’s genomic DNA. I thought that this methodology could be very powerful to study the impact of new mutations in tumor progression and aid in developing targeted therapies for brain cancer.
Protocol (read by voice talent at JoVE):
2. Preparations for Intra-Ventricular Neonatal Injections
2.1. Three to four weeks prior to the experiment, set up a mouse breeding cage with one male and one female.  Include a colored, plastic igloo to enrich the environment and increase the chances of mating.

2.1.1. WID: establish breeding room

2.1.2. MED: transfering mice to breeding cage

2.1.3. CU: setting igloo into cage

2.2. Remove the male once a pregnancy has been confirmed and eighteen days after the mating day, start monitoring the female for delivery. 

2.2.1. WID: establish talent (different day) with same different cage, very pregnant mouse.

2.2.2. MED: removes male from cage to new cage 

2.3. Make sure that a surrogate mother is available, around the time of delivery.

2.3.1. CU: two cages, one with mother mouse and young litter (in bedding okay) and other with very pregnant dam, mice moving about

2.4. On the first postnatal day, perform the intra-ventricular injections.  

2.4.1. MED: establish talent at bench, with regents to make injection solution

2.5. Prepare the injection solution by first aliquoting 20 µL of the DNA mix containing the transposon plasmids at a final concentration of 0.5 µg of DNA per µL. (TEXT: See text protocol for solution formulation details.)

2.5.1. MED: taking aliquot of DNA 

2.5.2. CU: ejecting DNA to new tube
2.5.3. [added] vortex DNA and PEI solution, spin down in microcentrifuge

2.6. Next, add a 20 µL aliquot of PEI solution to the DNA solution and let them incubate at room temperature for 20 minutes to an hour, after which the mix should be stored on ice.

2.6.1. MED: taking aliquot of PEI and adding to new tube

2.6.2. CU: mixing new tube, starting timer
2.6.3. WID: returns to bench, stops timer and puts mix tube on ice
2.7. For the injection needle, attach a 10 µL syringe to a 30 gauge hypodermic needle, beveled at 12.5 degrees.  Then, attach the syringe to a micropump with automatic injection.  Test the set up with 10 µL of water and be sure to empty the syringe.

2.7.1. CU: connecting syringe and needle, show detail of needle

2.7.2. MED: connecting above to micropump

2.7.3. CU: adding water and ejecting water with automatic pump

2.8. Now, cool down the neonatal stereotaxic stage with a slurry of dry ice and alcohol. When it is cooled to between two and eight ºC proceed with the injections.

2.8.1. WID: adding dry ice to alcohol and applying to stage

2.8.2. MED: taking measurement of stage's temperature
3. Intra-Ventricular Neonatal Injections
3.1. First, anesthetize a pup by placing it on ice for 2 minutes.

3.1.1. WID: moving pup from cage to ice, starting a timer

3.2. While the pup is on ice, load the syringe with the injection solution.
3.2.1. MED: loading the syringe use 2.7.3
3.3. Once anesthetized, transfer the pup to the frame and immobilize its head between the gauze covered ear bars.  Check that the dorsal side of the skull is horizontal and parallel to the frame’s surface.  Also, the cranial sutures should be clearly visible.

3.3.1. ECU: attaching pup to frame

3.3.2. ECU: side view of head in frame, relative position of head to frame's surface

3.3.3. ECU: detail of cranial sutures
3.4. Carl Koschmann: If the head of the pup is not immobilized firmly enough, it will move during the injection, whereas if it is squeezed too firmly between the ear-bars of the frame, the bregma will not be visible and the pressure within the head will force the injected solution to leak out.

3.4.1. WID: interview with frame in background
3.5. With the pup gripped firmly by the frame, wipe the head off with 70% ethanol.

3.5.1. CU: NC (no comment)

3.6. Then, lower the needle and adjust it’s position so it contacts the bregma lambda. (VERY VERY IMPORTANT !!! please replace all references in the text and voice comments for bregma with lambda, (mistake on our part, very very sorry!!!), will also submit corrected Figure 2 and corrected manuscript text).  

3.6.1. ECU: side view

3.7. Next, raise the needle and move it 0.8 mm laterally and 1.5 mm rostrally.  

3.7.1. ECU: top view

3.8. Then lower it again until it slightly dimples the skin.

3.8.1. ECU: side view, continues after next shot

3.9. Record the coordinates of this position.

3.9.1. MED: taking notes and then preparing for next step

3.10. Then lower the needle 1.5 mm, through the skin and skull and into the cortex at the lateral ventricle.

3.10.1. ECU: side view, continued from previous

3.11. There, inject 0.75 µL over 90 seconds and wait a minute to let the solution disperse.  

3.11.1. MED: setting speed of injection and starting injection, then starts a 1 min timer and waits

3.12. While waiting, the next pup to be injected can be anesthetized. 
3.12.1.  WID: no comment (NC) Reuse one of the 3.1.1
3.13. After the wait, slowly raise the needle.

3.13.1. ECU: side view

3.14. Then, transfer the pup to a recovery location under a heating lamp.

3.14.1. MED: NC

3.15. The time from anesthetization to warming must be less than ten minutes - the quicker the better.

3.15.1. WID: talent monitoring the pup under the lamp

3.16. Monitor its' breathing, and, if necessary, gently rub the limbs to stimulate breathing.

3.16.1. ECU: limb rubbing

3.17. Once the pup has warmed up, has a rosy color and steady breath, return it to its mother.  This usually takes five to seven minutes from the injection.

3.17.1. ECU: pup with good color and breathing

3.17.2. MED: moving multiple pups to mom, see also 3.18.2
3.18. If several pups are injected, they should all be recovered before returning any to the mother.  If after half an hour all the pups aren’t ready, then return half of them to her and then return the rest later, at the end of the procedure.

3.18.1. CU: several pups under warming lamp, another added to group

3.18.2. MED: moving half pups under lamp to mother, leaving some

3.18.3. WID: proceeding with injection and anesthetization of more pups

3.19. Monitor the dam after returning the pups.  If she is not responsive to the pups, add the surrogate mother to the cage.

3.19.1. WID: talent watching cage
3.19.2. MED: talent changing mothers in cage
4. Monitoring Plasmid Uptake and Tumor Formation and Progression
4.1. 24 to 72 hours after the injection, monitor the plasmid uptake, and transfer all the pups to 6-well tissue culture dishes – one pup per well.

4.1.1. WID: unwrapping dish(es), pre-paring for pups

4.1.2. MED: moving pups to dish(es)

4.2. Then, load a one milliliter syringe with 30 mg per ml of luciferin in saline or PBS and attach a 30 gauge hypodermic needle.
SWITCH ORDER OF 4.2.1 AND 4.2.2
4.2.1. MED: loading syringe

4.2.2. CU: attaching needle

4.3. Inject 30 µL of solution subcutaneously, between the shoulder blades of each pup. To avoid injuring the pup, inject the solution under a small fold of skin.

4.3.1. ECU: injecting pup, location of injection in detail

4.3.2. CU injecting next pup, pinch and inject detail

4.4. Immediately transfer the pups to an in vivo bioluminescence imaging system.  Set up a sequence to acquire 4 consecutive images at 1 minute intervals with automatic exposure, large binning and an aperture of 1.
4.4.1. WID: arriving with pups to imaging system
4.4.2. MED: setting up pups

4.4.3. MED: adjusting imaging system parameters

4.5. Later, after about 17 days the animals might start forming macroscopic tumors detectable by bioluminescence and histology.  It may also take up to 6 weeks.   

4.5.1. WID: establish talent bringing cage of young mice to bench

4.5.2. MED: loading a syringe with luciferin, larger volume syringe than previously

4.6. To monitor the tumors, inject 100 µL of luciferin solution intraperitoneally with a 26 Gauge needle. After 3 minutes anesthetize the animals in an isoflurane/oxygen anesthesia chamber (TEXT: 1.5 – 2.5% isoflurane) and place the animals in the imaging chamber fitted with cones to disperse the isoflurane.

4.6.1. CU: injecting a mouse, location in detail

4.6.2. MED: placing injected mouse in anesthsia chamber

4.6.3. CU: setting up mice with nose cone(s) in imaging chamber

4.7. Acquire a series of six images at two minute intervals with an automatic exposure time, medium binning and an open aperture f-stop of one.
4.7.1. WID: placing imaging cahmber under the microscope
4.7.2. MED: talent setting up imaging parameters

4.8. The region of interest is typically an oval over the head.   Measure the luminescence intensity in each animal using the same settings.

4.8.1. CU/SCREEN: screen showing set up of mice and imaging, screen capture not possible AC Note: will work to produce static screen shots of the imaging steps instead of an avi file. To be submitted within the next few days.
5. Induced Glioblastoma Pathology
5.1. To characterize histo-pathological features of SB-induced glioblastomas, C57-black6 neonatal mice were injected at P1 (Pee one) with a plasmid encoding luciferase in combination with NRAS (en ras) and SV40 LgT (es –vee- fourty large Tee) plasmids encoding transposons with oncogenic DNA.

5.1.1. LAB MEDIA: Figure 3c

5.2. Alternatively, a plasmid encoding a short hairpin p53 (Pee fifty three)  with PDGFβ (pee dee jee eff bay tuh)  and a GFP (gee eff pee) reporter was injected in combination with NRAS.

5.2.1. LAB MEDIA: Figure 3d
5.3. Later, the brains were perfused, embedded in paraffin, and processed for hematoxylin and eosin staining.  Tumors were found displaying the hallmarks of human GBM as listed by the World Health Organization.

5.3.1. LAB MEDIA: Figure 3c
5.4. Pseudo-pallisading necrosis was evident.

5.4.1. LAB MEDIA: Figure 3e 

5.5. As was perivascular and diffuse invasion into the brain parenchyma.

5.5.1. LAB MEDIA: Figure 3g
5.5.2.  LAB MEDIA: Fig 3f 
5.6. The formation of pseudopallisades was preceded by the rupture of large glomeruloid vessels with leaky endothelia.

5.6.1. LAB MEDIA: Figure 3i 

5.7. This resulted in regions of hemorrhage with massive infiltration of mononuclear cells.

5.7.1. LAB MEDIA: Figure 3h
5.8. Glioblastomas were also monitored with bioluminescence. Animals usually succumbed to tumor burden when luminescence reached an intensity of 107 to 109 calibrated units. 

5.8.1. LAB MEDIA: Fig 4A

5.9. The median survival of animals was predictably dependent on the combinations of oncogenic transposons injected into the neonatal brain.  The most aggressive tumors were induced with NRAS and SV40 LgT antigen.

5.9.1. LAB MEDIA: Figure 4b

5.10. De novo tumors were characterized by their expression of characteristic molecules. Nascent tumors induced with shp53 and NRAS made to express GFP expressed the neural stem cell marker nestin and some also expressed glial fibrillary acidic protein. (I included a second take as the second sentence sounded awkward and disjointed on playback - Alex)

5.10.1. LAB MEDIA: Fig 5

5.11. After 56 days, a tumor was found surrounded by numerous GFAP positive astrocytes.  These tumor cells expressed nestin, but not GFAP. 

5.11.1. LAB MEDIA: Fig 6
Note: deleted 5.3, 5.6, 5.7 to make space for Fig. 5 and Fig 6. If there is space please keep 4b, if not leave it out.
Authors: as things are, there isn't enough room in this section to show 5.10 and 5.11, but I have left the text and instructions in case we can overlook the length limit.  The section limit is 200 words of narrated text.  Please make edits to it that keep us within this limit and show everything you would most like to show.
6. Conclusion (said by authors on camera)

6.1. Maria Castro: After watching this video, you should have a good understanding of how to 
to induce the formation of glioblastomas harboring specific genetic mutations through intra-ventricular injections into neonatal mice and how to monitor the progression of the disease with bioluminescence
6.2. Alexandra Calinescu: In the article you will find details on how to easily clone new transposon plasmids encoding genes of interest and also how to analyze the tumors by histology and immune-histochemistry. 
6.3. Felipe Nunez: In addition, you will find a detailed method on how to generate new glioblastoma cell lines from animals bearing specific Sleeping Beauty tumors. 
6.4. Maria Castro: We hope that this article will help speed the discovery of new therapies for this devastating human disease.
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, as well as an introduction to your videographer, closer to your filming date.
 2014, Journal of Visualized Experiments


