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Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number)?  Yes. However, the surgical microscope that we will be using has the ability to record video. (Steps 3.1-3.2)
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? Y Steps 5.1-5.5)
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______

Viewers can appreciate seeing the surgery setup, the procedure for cell implantation using a stereotacting system, the protocol for establishing a kinetic curve for imaging on the IVIS® Spectrum Imaging System, and the corresponding data analysis of the acquired bioluminescent images.

D.  What is the single most difficult aspect of this procedure?  The cell implantation – animal set up and  using the stereotactic system.

0.  Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:

(Intro) The overall goal of this procedure is to create an intracranial model of gliomas that can be quantitatively followed over time by in vivo imaging. This model is useful for the investigation of novel glioma therapies. 

(P1) This is accomplished by first culturing bioluminescent murine glioma cells, harvesting them by standard trypsinization techniques, washing and resuspending them in DMEM without serum at a concentration of 1-2 x 107 cells/ml.
(P2) The second step of the procedure is the stereotactic implantation of harvested cells into the right frontal lobe of the mouse brain.

(P3) The third step of the procedure is the generation of a kinetic curve for luciferin expression using the IVIS® Spectrum in vivo Imaging System.

(P4) The final step of the procedure is to serially image animals and track tumor growth.

(P5) Ultimately results can be obtained that show tumor cell growth through a bioluminescent signal detectable using the IVIS® Spectrum in vivo Imaging System. 

Conceptual Narrative:

(Intro) The overall goal of the following experiment is to __(e.g. observe the effect of your treatment on cell migration using wound healing assays)____.

(P1) This is achieved by (1st step of protocol e.g. add NGF to cells) to _(goal of 1st step - e.g. induce cell differentiation)__.

(P2) As a second step, _(insert 2nd step)__, which __(insert goal of 2nd step)_________.   

(P3) Following the __(insert 3rd step)_____the ___(insert goal of 3rd step)_________.

(P4) Results are obtained that show _(effect of treatment - e.g.  differences in protein expression in NGF treated cells_ based on  ___(method of analysis - e.g. Western blotting analysis)__.

Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.  
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1. Introduction (said by the demonstrator to the camera)  

Authors, please select from “single” or “multiple author introductions” and complete the statements below.

Single author introduction:

1.1. “Hi I’m ________ from the Laboratory of _______ in the Department   of______ a ______.”

1.2. Today we will show you a procedure for______

1.3. We use this procedure in our laboratory to study______.  So let’s get started…

Multiple videotaped author intro – add additional authors as necessary

1.4. Author 1: “Hi I’m Mohammed Abdelwahab from Neuro-Oncology Research at the Barrow Neurological Institute of St. Joseph’s Hospital and Medical Center (said looking at the camera).”

1.5.  Author 2: “I’m Dr. Adrienne Scheck  from Neuro-Oncology and Neurosurgery Research at the Barrow Neurological Institute of St. Joseph’s Hospital and Medical Center

1.6. Author 3: “And I’m Dr. Mark Preul from Neurosurgery Research at the Barrow Neurological Institute of St. Joseph’s Hospital and Medical Center.

1.7. Author 1: Today we will show you a procedure for intracranial implantation and bioluminescent in vivo imaging of murine glioma cells

1.8. Author 2:  We use this procedure in our laboratory to study in vivo investigations of novel therapies for brain tumors. 

1.9. Author 3:  So let’s get started…

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

Author:  There is a brief section in your submitted protocol about cell culture.  In order to keep within the 30-step limit, can we omit filming it? Yes, that should be fine. That information will remain in the text protocol that will accompany your video.  As it is written now, the script is still a bit too long (a total of 34 steps).  If you can identify some steps that are not critical and can be omitted, that would help greatly. Steps that can be omitted during filming are marked with a comment using the track changes feature of MSWord.
2. Setting up for surgery

2.1. Prepare the cultured cells for implantation just prior to surgery. We use GL261 mouse glioma cells that stably express luciferase for bioluminescent imaging (text:  Please refer to the text protocol for more information about cell culture). After harvesting and washing the cells, resuspend them in DMEM without serum at a concentration of 1 x 107 cells/ml.  Mix the cells periodically to ensure they do not settle.

2.2. Next prepare the surgical area for the intracranial implantation.   A sterile environment is required and all surgical tools, supplies, gloves, and towels must also be sterile.

2.3. We use ten-week-old albino C57BL/6 mice (text: C57BL/6-cBrd/cBrd/Cr (albino C57BL/6),  purchased from the National Cancer Institute at Frederick Animal Production Program, NCI, Frederick, MD) at an average weight of 20 grams for this procedure.

2.4. Once the anesthetized animal (text: anesthetized with i.p. injection of 10 mg/kg xylazine and 80 mg/kg ketamine) is unresponsive to the toe-pinch reflex, place it on the cushioned bed of the stereotactic headframe (text: Model 900 Small Animal Stereotaxic, David Kopf Instruments) [Figure 2]. Apply a small amount (text: 1/4 inch) of ophthalmic lubricant ointment to the inside of the eyelid.

2.5. Secure the animal in the stereotactic frame:  place your index finger and thumb around the animal’s jaw to open the animal’s mouth and slide the top front teeth into the indentation in the stereotactic frame.  Tighten the clamp to secure the animal’s head into the headset, making sure that the head is aligned and the eyes are centered.

2.6. Tape the oxygen hose down near the animal’s nostril, and tape the lower back and tail down to the stereotactic bed.

2.7. Use Povidine-Iodine Swab Sticks to cover the area between the eyes and going back to the area between the ears with iodine. Be careful not to let the iodine drip into the animal's eyes.

2.8. Load the cell inoculum into a 10-microliter, 50-mm syringe with a 26 gauge beveled needle. Make sure that the cells are not clumped together or it may be necessary to reload the syringe. Author:  Do you load 2 microliters of cells? Can you see with the naked eye if the cells are clumped together?  2 microliters of cells is infused, the 10 microliter syringe it actually loaded with at least with 3 microliters of total volume, where the remainder is either discarded or reused.  Heavy clumping of cells is visible by the naked eye and can be avoided by remixing the cell inoculum and reloading the syringe.

2.9. Place the loaded 10 µl syringe into the micro injector and proceed with the intracranial implantation, as will be shown next.

3. Intracranial Implantation

3.1. To begin this surgical procedure, make a skin incision using a size-15 blade and toothed forceps. Make a 10-15 mm incision between the animal’s eyes, moving towards the animal’s ears exposing the bregma (text: junction of the sagittal and coronal sutures at the top of the skull). Be sure to properly identify the bregma for it can be easily confused with the sinus area which is distal to the bregma.

3.2. With a 16 gauge 1 ½ inch needle,  make the burrhole 0.1 mm posterior to bregma and 2.3 mm to right of the midline by applying a little pressure to the needle while twisting until the skull is penetrated and the brain is exposed [Figure 3].

3.3. Move the needle using the micro injector until it just touches the surface of the brain. From this position, advance the needle to a depth of 3 mm. Keep the needle in place for 3 minutes.

3.4. Next, withdraw the needle 0.4 mm to a total depth of 2.6 mm below the surface of the brain.  This creates a small pocket where the cells are to be infused. To ensure proper placement and depth, X-ray images of the needle depths may be taken using a C​Arm (show Figure 4). Author:  I don’t think we need to film taking the X-rays but we can show Figure 4 here. That should be fine because X-rays are not typically part of the procedure.  They are mostly used when someone is learning the technique.

3.5. Infuse the cell suspension over 3 minutes using the micro injector set to a volume of 2000 nL (2 µL) with an infusion rate of 667 nL/minute.

3.6. After the infusion, leave the needle in place for 2 minutes to prevent leakage from the site of infusion. Then withdraw the needle completely.

3.7. Once the needle has been withdrawn, cover the burrhole with bone wax using a Penfield dissector.

3.8. Finally, suture the incision using a 4-0 (text: 1.5 Metric) vicryl suture, making sure no large gaps are left in the skin.

4. In vivo bioluminescence imaging

4.1. To determine the optimal time of bioluminescence imaging after luciferin injection, it is necessary to first conduct a kinetic study. Author:  Can we show the injection of the mouse with luciferin before demonstrating the starting of the imaging software? Or does imaging have to begin so quickly after the luciferin injection that the software has to be all set to go? It typically takes a couple of minutes for the imaging system to intialize before it is ready for use.  It may also take a bit of time to set up the imaging sequence, for that reason it would be better to demonstrate starting the software and setting up the program before luciferin injection. Inject luciferin subcutaneously into the animal.  We use subcutaneous (s.c.) instead of intraperitoneal luciferin injections because we see greater imaging reproducibility with the s.c. injections.

4.2. Three minutes after the s.c. injection, sedate the animal (text: 2% Isoflurane gas in oxygen) and transfer it to the imaging chamber. Place the sedated animal on the temperature controlled imaging platform, making sure the mouse’s nostril is properly placed in the gas anesthesia manifold.  Author: Is the animal for the kinetic study sedated 3 min after the luciferin injection while the animal(s) for the actual experiment sedated 20 min after luciferin injection? Yes. The kinetic study is done once to determine the optimum time post-injection for imaging in future experiments. We found 20 minutes to be our optimum time, but another investigator with another model may find it needs to be more or less time (step 4.8). How many animals will you be imaging for the video? We will have one animal implanted on the day of filming as well as older animals that will be implanted ahead of the filming date. We will be prepared to do one kinetic study and one experimental study or just one or the other – depends on what will work for you in terms of video length.
4.3. In vivo bioluminescence imaging is performed with the IVIS® Spectrum Imaging System. Start the Living Image software and initialize the IVIS® Spectrum Imaging System by clicking the ‘Initialize IVIS System’ button on the bottom right side of the control panel. Select the [Luminescent] Imaging Mode on the top left side of the control panel.

4.4. Take the first image approximately 5 minutes after the luciferin injection. 

4.5. To generate a kinetic curve for luciferin expression, create a sequence to take images every 3 minutes for up to an hour: click on the [Sequence Setup] button in the control panel (the sequence editor will appear). In the control panel, specify the settings for the first bioluminescent image in the sequence. We recommend starting with Medium Binning and Auto-Exposure to determine the optimal exposure time.

4.6. Select the [Delay] button in the sequence editor and specify a delay time of 3 minutes between each acquisition.

4.7. Click [Add] in the sequence editor. Acquisition parameters are then added to the table. Repeat (step 4.7) for each image in the sequence.

4.8. Once the curve is established, the optimal imaging time can be determined by plotting the signal strength (intensity) versus time [see Figure 5]. To get the strongest and most accurate signal, animals should be imaged at the time of highest in vivo photon count, which is about 25 minutes after luciferin injection, as shown by this curve. Author: Can we add that and show Figure 5 here, but without the data from the i.p. injection of luciferin?  If so, please provide a graph with just the s.c. injection results. That should be fine. Graph included in the e-mail with this script named Fig 5 sc only.
4.9. To image experimental animals, inject the experiment animal subcutaneously with luciferin.  After 20 minutes, sedate the animal (text: anesthetize with 2% Isoflurane gas in oxygen) and transfer it to the imaging chamber.  Author:  Will you be imaging just one animal here? Yes, more animals can be imaged if needed.

4.10. Acquire the image at medium binning with a 5 minute exposure time. Acquire the image  using the [Auto] option under Acquisition Time. This allows the software determine the binning and the optimal length of time to acquire the image. 

4.11. If the signal is saturated and/or faint at medium binning, binning or exposure time can be adjusted. Author:  Do we have to show this or can it be left in the protocol text? This can be left in the text.

4.12. Save the program files and subsequent image comments in the user’s computer directory.

5. Data Analysis

5.1. Data analysis can begin after the image is acquired and saved.  Access the program file by clicking the [Browse] button and selecting the file. The image information can be found under [View]  [Image Information].

5.2. Quantify the intensity of the signal by selecting the Region Of Interest (ROI) [ROI Tools] button. Make sure the image is analyzed under the [Photon] mode by selecting “Photon” on the drop-down list on the top left corner of the image control panel.

5.3. Select the [Measurement ROI] button from the “Type” drop-down list and select the ROI shape of interest (options include Circle, Square, and or Grid).  Cover all areas of intensity on the acquired image.

5.4. Next set the ROI position by dragging the ROI shape selection to the region containing the bioluminescent signal.

5.5. Finally, click the [Measure] button to compute the signal intensity of the ROI. The ROI label displays the intensity.

6. Representative In Vivo Bioluminescent Imaging Results

Insert 1-6 figure descriptions here- Authors, see instructions below.

Author:  The narration below was written based on your results and figure legends.  Please check and make any necessary corrections or changes.

6.1. Successful cell implantation is evident when implanted cells are detectable by bioluminescent imaging on the day of surgery. This graph tracks the GL261-luc tumor cell growth in an albino C57BL/6 mouse.  Bioluminescence was measured every 3 days and plotted as in vivo photon count versus days post-implantation.  The photographs show bioluminescence at various time points. Coloration is an indication of bioluminescence (pixel intensity), which is relative to tumor cell number (indicate color bar).  SEQ CHAPTER \h \r 1  Animals are euthanized at the occurrence of visible symptoms of impending death at which the brain was dissected and luciferin was added topically to obtain this ex vivo image (figure inset)(Figure 1). The detectable signal fades rapidly after death due to the need for ATP in the tissue. Author: Can you please resubmit this figure with the inset as a separate panel?Yes, Graph included in the e-mail with this script.

6.2. Figure 2. After the mouse is properly anesthetized, it is placed in the stereotactic frame (A). The mouse head is secured using the mouth clamp (B).

6.3. Figure 3. After the skin is opened the main anatomical landmarks are identified including include the bregma, the coronal and sagittal sutures. The burrhole is made 2.3mm to the right of the bregma by slowly twisting a 16 gauge 1 ½ inch needle with a small amount of pressure until the skull is penetrated and the brain is exposed. Author:  We will not have to show Fig. 2 and Fig. 3 in the video since we will be filming the procedure. OK
6.4. A kinetic comparison of subcutaneous and intraperitoneal injections was also performed and the results are shown in this graph. Three minutes after the luciferin was injected, the mouse was sedated and imaged every 3 minutes for up to an hour, and every 6 minutes after that to generate a kinetic curve of bioluminescence. As shown here, a subcutaneous route of luciferin administration (shown in red) is superior to an intraperitoneal injection (shown in black), and the optimal time to image the animals is approximately 25 minutes following the luciferin injection (Figure 5).

INSTRUCTIONS FOR AUTHORS:

Please write narration for any representative video image, or representative data files above.  We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Representative Results

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597

7. Conclusion (said by authors to camera)

Please fill in the blanks.  You will say this part to the camera.

7.1. “We’ve just shown you how to perform an intracranial implantation and in vivo imaging of murine glioma cells.”

7.2. “When doing this procedure it’s important to remember to make sure the cell inoculum is properly mixed prior to infusion into the animal. This helps avoid cell clumps in the syringe and variability in the size of the tumor ”

7.3. “So that’s it.  Thanks for watching and good luck with your experiments.”

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 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.

�This step does not have to be filmed


�This step does not have to be filmed


�This step does not have to be filmed


�This step does not have to be filmed
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