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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____N____ If yes, please list make and model of your microscope: ______________________________
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__________3.4, 3.5, 3.6, 4.1, 4.2, 4.3_____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ________________The procedure overall is straightforward. Possible difficulties include tail vein injection of radionuclides and minimizing time lapse between PET and CLI procedures______________
1. Introduction (Schematic Overview and Interview)
A. 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:
The overall goal of this procedure is to use Cerenkov Luminescence Imaging (CLI) to monitor cancer therapy in tumor bearing mice. (Intro)
This is accomplished by first growing subcutaneous tumor xenografts for both treatment and control groups. (P1, instead of their supplied mouse image, use a JoVE stock image and show a syringe making two injections into the mouse (one injection is made into each shoulder)
The second step is to perform small-animal PET studies for validation purposes. (P2, figure 2A, lower 2 images (PET))
Next, the optical imaging studies are performed immediately after PET studies. (P3, , figure 2A, upper 2 images (CLI))
The final step involves quantifications of PET and CLI images and subsequent cross validations of the two imaging modalities. (P4, figure 2B)
Ultimately, results are obtained to show that CLI is a viable alternative to PET in monitoring preclinical cancer drug therapy. (P5, figure 2A, combined)
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. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

· Author’s note: For this part, if our names and titles – Yingding (Bryan) Xu (medical student) and Hongguang (Simon) Liu (postdoctoral fellow) – could be displayed the first time we spoke (me) or demonstrate the experiments (Simon) in the video it would be great. 

1.1. Author name ____Yingding Xu_____: The main advantage of __Cerenkov Luminescence Imaging (CLI) over existing nuclear imaging modalities, like PET, is that CLI takes advantage of the lower cost and widely available optical imaging instruments to image radionuclides, which could only be imaged by nuclear imaging modalities in the past.  

1.2. Author name ____Yingding Xu_____: The implications of this technique extend toward preclinical applications such as cancer drug screening, thanks to CLI’s short acquisition time, high sensitivity, high throughput, low cost, wide availability, and a flat learning curve. 

1.3. Author name ____Yingding Xu____: Though this method can prove to be useful in preclinical applications, it can also be instrumental in clinical scenarios, such as clinical therapy monitoring and intraoperative imaging.

1.4. Author name ____Yingding Xu___: It should be noted that the PET studies demonstrated here are only for validation purposes; as there is a proven correlation between PET and CLI. researchers can perform CLI without PET for preclinical therapy monitoring.

1.5.  Author name ____Yingding Xu____: We first had the idea for this method, when we _____demonstrated that there exists a good correlation between CLI and PET quantifications in vitro______.
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.     

Authors suggest – ‘could just “perform” the imaging procedures without actually utilizing real radionuclides.’ – This is a good idea-  FDG is expensive, and best to minimize exposure for all involved. 
2. Tumor Model
2.1. For this protocol, the choice of cell lines, culture mediums, and other factors should be tailored to the goals of a particular research study. To begin the project design presented here, first culture H460 cells in RPMI 1640 medium supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin. 
2.1.1. TITLE SCREEN: first sentence spoken with title screen. 
2.1.2. MED: researcher at the lab bench, working to culture H460 cells in RPMI 1640 medium. (show equipment and researcher working with it)
2.2. Next, maintain the cell lines in a humidified atmosphere of 5% CO2 at 37 ° Celsius.  Be sure to change to fresh medium every other day.  Then, once a 75% confluent monolayer of cells has formed, detach the monolayer with trypsin, and dissociate the cells into a single-cell suspension in PBS for inoculation. 
2.2.1. MED: researcher places the cells in a humidified atmosphere (incubator).
2.2.2. CU: show 5% CO2 , and/or 37 ° Celsius settings on incubator. 
2.2.3. CU: researcher detaches the monolayer with trypsin.
2.2.4. MED: as researcher dissociates the cells into a single-cell suspension in phosphate-buffered saline. 
Note: Please see the note immediately below
2.3. Suspend approximately 1 × 106 H460 cells in phosphate-buffered saline.  Then, implant the cell suspension subcutaneously in both left and right shoulders of 4 – 6 week  old female athymic nude mice. The location of inoculation, and number of xenografts per mouse should be tailored to the specific study goals. 
2.3.1. MED: researcher suspends the cells in phosphate-buffered saline.
Note: This shot is an integral part of 2.2.4. Thus we and the videographer agreed that we took one single shot for both 2.2.4 and 2.3.1 and he probably labeled the shot as 2.2.4. Thus please leave 2.3.2 as the only shot for the part 2.3. Please also keep the voiceover/narration for 2.3 exactly the same.  
2.3.2. MED: researcher implants the cell suspension subcutaneously into the right, then left shoulder of a couple mice. 
2.4. Allow tumors to grow to 150 to 200 mm3, using standard caliper measurement to track tumor sizes. Note that it will take approximately 2 weeks for H460 tumor xenografts to grow to this size. 
2.4.1. MED: researcher uses caliper measurement to track tumor size. 
2.4.2. CU: show tumor size as it is measured by calipers. 
2.5. Once tumors reach the ideal size, the tumor bearing mice are ready for treatment followed by in vivo imaging with both PET and Cerenkov Luminescence Imaging, or CLI.  
2.5.1. WIDE: researcher picks up cage of mice, and walks towards the scanner. 
3. PET Acquisition
3.1. Perform PET studies according to the schedule seen here, or adjust according to a specific project (Figure 1). The CLI studies should follow the same schedule as the PET studies, with CLI performed immediately after the corresponding PET. 
3.1.1. LAB MEDIA: figure 1
3.2. The main purpose of the PET studies is for validation of the CLI results. When using PET for validation, the PET and CLI instruments must be located within close proximity for the validation to be successful.
3.2.1.   WIDE: show the PET and CLI instruments, showing that they are in close proximity to each other, (same room, or doors in the same hallway?) if possible. If not, 2 separate shots of each:
Note: PET and CLI are in separate rooms. The videographer took one shot of PET for 3.2.1. He also took one shot of CLI for 4.1.1. Thus we think that either we can just show PET here in 3.2.1, or we can show both PET and the shot of 4.1.1 here.
3.2.2. WIDE: IF needed – shot of the other instrument. 
3.3. To begin this phase of the experiment, first divide the tumor bearing mice into treatment and control groups. One day pre-injection of bevacizumab, perform a pre-scan with both PET and CLI.  Here, a R4 rodent model scanner is used. (Siemens Medical Solutions USA, Inc.).  
3.3.1. MED: researcher working at lab bench/hood, “dividing” mice into groups (perhaps just lining cages up in groups)
3.3.2. MED: researcher sitting at the scanner console performing a pre scan. 

3.4. Next, for the treatment group, administer the first injection of 20 mg per kg bevacizumab. Define this as Day 0; the day of first injection. Also administer this same dosage again on day 2.  
3.4.1. MED: researcher draws up the bevacizumab injection into syringe.  
3.4.2. MED over the shoulder: researcher administers an injection of bevacizumab.  
3.5. The day after each injection, being Day one and Day three of the experiment, perform PET followed by CLI.  First, anesthetize all mice with 2% isoflurane and assure the animals are fully anesthetized. 
3.5.1. MED: researcher anesthetizes mice with 2% isoflurane.
3.5.2. CU: researcher performs paw pinch to check anesthetic level.  

3.6. Then, using the PET probe diluted in saline, inject via the tail vein. Be sure to follow all radiation safety protocols at your institution, and use radiation protective barriers and personal badge dosimeters.  Then, after 1 hour, fully anesthetize mice again and place prone and near the center of the field of view of the small-animal PET scanner. 
3.6.0. See highlighted note below.
3.6.1. MED: researcher injects probe (or mock probe) via tail vein.- using radiation safety protocols. Badge dosimeter can be seen in the shot if possible (this is often worn as a ring) 
3.6.2. MED: show the probe (or mock probe bottle) being placed back into approved containment area/container. 

Note: For this part of the experiment we usually drew probes enough for just one injection from approved container into one eppendorf tube and use it all. Thus there will be no probe left to be placed back after the injection. However, we did take a shot of how we drew the probes from approved container prior to injection. This shot (I can’t remember which number the videographer labeled it with, it’s most likely 3.6.2) could be re-labeled as 3.6.0 and moved before 3.6.1. Narration should be kept the same.
3.6.3. MED: researcher places animals prone and near the center of the field of view of the PET scanner. 
3.7. Now obtain three-minute static scans and reconstruct the images using a 2-dimensional ordered-subsets expectation maximum algorithm. Background correction is not necessary.
3.7.1. MED over the shoulder: researcher using the scanner console to scan and /or reconstruct the images.
3.8. Next draw regions of interest with 5 pixels for coronal and transaxial slices over the tumors on the decay-corrected whole-body coronal images. Obtain the maximum counts per pixel per minute from the regions of interest and convert to counts per milliliter per minute by use of a calibration constant. 
3.8.1. MED over the shoulder: researcher draws regions of interest over the tumors.
3.8.2. MED: researcher uses software : obtains the maximum counts per pixel per minute from the regions of interest and converts.
3.9. With the assumption of a tissue density of 1 gram per mL, convert the ROIs to counts per gram per minute. Determine image ROI–derived percent injected dose per gram (%ID/g) values by dividing counts per gram per minute by injected dose. Attenuation correction is not necessary.
3.9.1. MED: researcher uses software to convert the ROIs to counts per gram per minute
3.9.2. MED: researcher uses software to determine image ROI–derived percent injected dose per gram (or, could show a ‘screen shot’ to illustrate this, if authors can provide & feel this would be better)
Note: The whole 3.9 is redundant as it should be grouped with 3.8 yet it is difficult to show on video. I believe we just took shots for 3.8.1 and 3.8.2, please correct me if I’m wrong. Thus the whole 3.9 along with its narration could be taken out. However, if the length of shots 3.8.1 and 3.8.2 is enough for the narration of 3.9 to be read, please combine the narrations of 3.8 and 3.9 together.
4. CLI Acquisition 
4.1. Here, CLI is performed with an IVIS Spectrum system and acquisition and analysis of images is carried out using Living Image 3.0 software (Text on screen: Caliper Life Sciences). As a reminder, for each mouse, perform CLI immediately after PET to minimize the amount of radioactive decay.  Begin by placing animals in a light-tight chamber under isoflurane anesthesia. Multiple mice can be placed simultaneously to increase throughput. A special lead shielding is used for protection from radioactivity.
4.1.1. MED: show the CLI system.  
4.1.2. MED: researcher places animals in a light-tight chamber under isoflurane anesthesia (multiple mice) 
4.1.3. Shot was added to show the special lead shielding device.  
4.2. Acquire images using a 3 minute exposure time (TEXT on screen: f/stop=1, binning=4). Use the same illumination settings for lamp voltage, filters, f/stop, fields of view, and binning to acquire all images.
4.2.1. MED over the shoulder: researcher finishes set up for the CLI scan, then begins the scan 
4.2.1.1.   MED/CU: Shot was added of the CLI scanned image
4.3. Next, use the dorsal skin area to calculate the signal intensity of background tissue, and normalize fluorescence emission to photons per second per centimeter squared per steradian (Text on screen: p/s/cm2/sr).
4.3.1. MED over the shoulder: researcher uses the software to calculate the signal intensity of background tissue in the dorsal skin area. 
5. Results: PET and CLI Correlation       
5.1. Here, we see (Figure 2A) that both CLI and PET revealed significantly decreased signals from H460 xenografts in treated mice from pre-treatment to day 3, suggesting significant therapeutic effect. Visual inspection shows good consistence between tumor contrasts visualized from CLI and PET. 
5.2. Resolution is sufficient to show central necrosis of the tumor secondary to the anticancer treatment regimen. (Figure 2A - arrows appear on screen to indicate the area of necrosis in all 4 tumors in both upper right and lower right panels (Day 3 CLI and Day 3 PET) authors – during the video editor may ask precisely where to place this.  Should it be in the center of each tumor on the right? 
5.3. Here we can see that quantifications of CLI and PET images and a simple fitting via linear regression showed that the two modalities are highly correlated. (Figure 2B,). 
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This is Figure 2B
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INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

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.  Evaluation of Morpholino Injection and Knockdown
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/video/1597/results-example-mably?access=ksw0bprj 
6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
Authors, only one statement per author who will be demonstrating the procedure on camera please.  Suggest 6.2, 6.3, or 6.4.
6.1. Author name ____Hongguang Liu____: Once mastered, CLI can be done in ______a matter of minutes to hours depending on the number of mice______ (hours/min). Of note, given higher throughput and shorter acquisition time CLI takes appreciably less amount of time than PET. 
6.2. Author name ____Yingding Xu____: CLI can be performed along with PET validation, as we did in this video. However, one can certainly perform stand-alone CLI as a good correlation with PET has already been established in the literature. 
6.3. Author name ____ Yingding Xu ____: While attempting this procedure along with PET validation, it’s important to remember to minimize the down time between the two procedures particularly if a radioisotope with short half-life is used.

6.4. Author name ____Yingding Xu____: After its development, this technique paved the way for researchers in the field of _____cancer drug development, cancer biology, and clinical oncology_____ to effectively monitor cancer drug therapy without having to use nuclear imaging modalities and thus potentially benefiting development of preclinical drug screening, clinical therapy monitoring, and patient stratification, among other applications.
6.5. Author name _____ Yingding Xu ____: After watching this video, you should have a good understanding of how to use Cerenkov Luminescence Imaging to monitor cancer drug therapy in murine tumor models.
6.6. Author name ____Yingding Xu_____: Don't forget that working with ______radioactive materials_______(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ______radiation protective barriers such as lead bricks, personal badge dosimeters, and compliance with radiation safety protocols at your institution______ should always be taken while performing this procedure.   (Too much to say here, although this is important! Hence I added mention of this, along with a shot of radiation protection, in protocol above (3.6.) 
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.  

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.
( 2011, Journal of Visualized Experiments


