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Title: Monitoring tumor metastases and osteolytic lesions with bioluminescence and micro CT imaging
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. Also, please list make and model of your microscope)?  ____NO______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? _Yes________
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Hardest part is injecting the animals, we have more animals than required to count for unforeseen situations.
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.  
Conceptual Narrative:
Author:  Please provide images that correspond to each line of the narration below and indicate which image goes with which line(s) by labeling as P1, P2, P3, P4, etc.
Longitudinal imaging is used in pre-clinical studies to follow the progress of a disease or measure the effect of a therapeutic.  In oncology, optical methods provide rigorous tools to monitor tumor growth and deliver precise quantitation of cell growth or gene expression at each time point in such a study.  Anatomical changes can be measured using a high resolution technique like microCT, but for longitudinal imaging a low X-ray dose must be used to avoid biological artifacts.  Optical and microCT images can be co-registered to provide a combination of functional and anatomical data ensuring that maximum information is extracted from the animal model
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.   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1) Author name Ed Lim:  I will show how to monitor tumor metastases and follow osteolytic lesion development using optical imaging and microCT.  Quantum FX performs CT imaging at a very low radiation dose. This allows longitudinal monitoring of osteolytic lesion development with cumulative radiation dose far below LD50 levels.
Protocol (read by voice talent at JoVE):

2. Intracardiac injection of cells into animals
2.1. In this experiment, cells from a human mammary tumor cell line expressing the luciferase gene (text: MDA-MB-231-luc-D2H2LN) will be used as an optical indicator of tumorigenesis in vivo.
Shots:

2.1.1. MED: Talent approaching work area with a flask of MDA-MB-231-luc-D2H2LN cells and sets the flask down.

2.2. This cell line was created from a spontaneous lymph node metastasis that originated from a D3H1 mammary fat pad tumor and is known to aggressively form metastases. The cells readily grow in standard media with no need for selection of markers.
Shots:
2.2.1. CU: A shot of the flask of cells clearly labeled “MDA-MB-231-luc-D2H2LN”.
2.3. Cells for intracardiac injection are prepared and luciferase activity is verified by standard methods as shown previously (text: Reference for JoVE article published 4/29/10).
Shots:
2.3.1. MED: Talent pipetting cells into a microtiter plate for measuring luciferase activity.
2.4. Prior to intracardiac injection, the animal is anesthetized using 2% isoflurane (text: 2% isoflurane) and a toe pinch is performed to confirm deep sedation.
Shots:
2.4.1. MED/CU: Talent turning on isoflurane gas supply (capture gas tank and its label only, not the animal).
2.4.2. CU: Talent pinching the toe of the mouse and there is no reflex respond.
2.4.3. Talent – interview style to camera: “The hardest part of this procedure is the intracardiac injection of the animals.  To account for any unforeseen situation during the injection, it is helpful to have more than the required number of mice on hand.”
2.5. One to three million cells in a volume of 20 l will be injected into the left ventricle of each animal. This cell suspension also contains 150 g/ml of D-Luciferin to validate the injection technique (text: 1-3 million cells in 20 l with 150 g/ml of D-Luciferin).
Shots:
2.5.1. MED: Talent loading a 1-cc syringe with the cell suspension.
2.5.2. CU: A shot of the syringe loaded with cell suspension.
2.6. To inject, insert a 30-gauge needle attached to a 1-cc syringe into the second intercostal space 3 mm to the left of the sternum and aim centrally. Pull back slightly on the plunger while slowly advancing the needle; continuous entrance of red oxygenated blood into the transparent needle hub indicates proper positioning of the needle into the left ventricle. 
Shots:
2.6.1. CU/ECU (very important shot!): match action above: needle being inserted into the second intercostal space 3 mm to the left of the sternum and then aimed centrally. 
2.6.2. CU/ECU (very important shot!): Plunger being pulled back slightly as needle is advanced and blood enters the transparent needle hub.
2.6.3. MED: Talent withdrawing needle when injection is done.
2.7. To confirm a correct intracardiac injection, mice are imaged in the IVIS Spectrum in vivo imaging system. Mice that show bioluminescence signal throughout the body have been injected correctly. If signal is localized, the cells were not injected correctly in the heart. Author:  This will be moved to Section 6 (Results).
3. Bioluminescence imaging to monitor metastases
3.1. After confirming the success of the intracardiac injection, metastases of the tumor cells are monitored by bioluminescence imaging using the IVIS Spectrum in vivo imaging system. To begin this procedure, place the anesthetized mouse in an imaging shuttle. This shuttle helps maintain the animal in the same position for imaging and incorporates fiducial signals to aid in automatic co-registration.
Shots:

3.1.1. MED: Talent approaching the IVIS Spectrum in vivo imaging system.

3.1.2. CU: Talent placing mouse into imaging shuttle.

3.1.3. MED: Talent placing the shuttle into the imaging chamber of the IVIS Spectrum.

3.2. Use the imaging wizard in the Living Image software 4.1 to automatically select the exposure time, f-stop and binning, and ensure quantitative data collection.
Shots:
3.2.1. MED/over the shoulder:  Talent at the computer.
3.2.2. SCREEN: Exposure time, f-stop, binning, etc, being selected.
3.3. Depending on the nature of the experiment, multiple images can be acquired and compared in longitudinal studies covering seconds or months.
Shots:
3.3.1. SCREEN: Images being acquired.
3.4. At day 6 post injection of cells, bioluminescence imaging with IVIS Spectrum shows metastases to the bone in seven out of nine mice.  Author: This line will be moved to Section 6.
4. Longitudinal monitoring of osteolytic lesions using micro CT
4.1. Mice that showed clear bone metastases visible using bioluminescence imaging (BLI) are imaged in the Quantum FX micro CT system to monitor the development of osteolytic lesions.
Shots:
4.1.1. WIDE: Talent approaching the Quantum FX micro CT system (carrying the shuttle?).
4.2. Since the imaging shuttle supports the mouse for data capture in both the IVIS Spectrum and the QuantumFX microCT system, the animal can be transferred directly from the IVIS Spectrum system to the Quantum FX micro CT system for imaging.
Shots:
4.2.1. MED: Multiple takes from different angles of talent placing the shuttle with mouse into the imaging chamber of the Quantum FX micro CT system. Shot will be repeated later.
4.3. To capture the whole animal view, stitch together two 60-mm images. For imaging the knee joint in high resolution, a 30-mm field of view (FOV) is ideal.
Shots:
4.3.1. MED: Talent at the computer getting ready to start acquiring images.
4.3.2. SCREEN: Two 60-mm images being stitched together to capture the whole animal.
4.3.3. SCREEN: Knee joint being imaged using a 30-mm FOV.
4.4. A single scan with high enough resolution to measure and quantify bone metastases takes just 18 seconds and delivers a dose of only 11mGy. Therefore, the mice can be imaged up to 8 times in 36 days with the micro CT system without affecting the tumor growth or health of the animal.
Shots:
4.4.1. MED: Use shot from 4.2.1.
4.4.2. MED/over the shoulder: Talent acquiring images.

4.5. The micro CT imaging showed that bone lesions were visible on Day 10 and progressed very rapidly, corresponding to the increase in BLI signal. Author: This will be moved to Section 6.
5. 3D co-registration and analysis of BLI and micro CT
5.1. Once images have been captured on both the IVIS spectrum and Quantum FX micro CT system, the data is co-registered into a 3D reconstruction. To accomplish this, MicroCT images are exported as DICOM files and loaded into the Living Image 4.1 3D Multi modality tool.
Shots:
5.1.1. MED: Talent at the computer performing analysis.
5.1.2. SCREEN: Living Image 4.1 program being opened.
5.1.3. SCREEN: MicroCT images being loaded into Multi modality tool.
5.2. In the Living Image Software, run the DLIT program to three dimensionally reconstruct the optical signal. The fiducial tool in the software is used to co-register the optical BLI signal to the micro CT image.
Shots:
5.2.1. SCREEN: DLIT program being started.
5.2.2. SCREEN: 3D reconstruction being performed.
5.3. Co-registered data sets can be analyzed quantitatively to monitor multiple parameters during disease progression – here we are tracking growth of the metastatic tumor together with development of the osteolytic lesion in the bone. Author:  This has been moved to Section 6.
We do not need section 6 because the images will be shown earlier in respective sections
Author:  The format for a JoVE video article requires that the results of your protocol are shown in this section.  That is why the final lines from each of the previous sections (2.7, 3.4, 4.5, 5.3) have been moved to this section.
6. Monitoring tumor metastases and osteolytic lesions after intracardiac injection (Representative results)
Author:  Please provide the figures and figure legends for this Results section and make any necessary changes/corrections to what is written below.
6.1. When the intracardiac injection is performed correctly, the mouse shows bioluminescence signal throughout the body when imaged in the IVIS system. In contrast, if the cells are not injected correctly in the heart, the bioluminescence signal will be localized.
Shots:

6.1.1. LAB MEDIA: Image showing bioluminescence signal throughout the body of mouse.

6.1.2. LAB MEDIA: Image showing localized bioluminescence signal.
6.2. At day 6 post injection of cells, bioluminescence imaging with IVIS Spectrum shows metastases to the bone in seven out of nine mice.
Shots:

6.2.1. LAB MEDIA: IVIS Spectrum images showing metastases to the bone.
6.3. Mice that showed clear bone metastases visible using bioluminescence imaging (BLI) are imaged in the Quantum FX micro CT system, which revealed that bone lesions were visible on Day 10 and progressed very rapidly, corresponding to the increase in BLI signal. 
Shots:

6.3.1. LAB MEDIA: Quantum FX micro CT image showing bone lesions 

6.4. With Quantum FX microCT system, osteolytic lesions can be quantified. In this example, the bone volume of the distal end of the femur showed progressive decrease after day13, which is inversely correlated with the tumor development.  

Shots:

6.4.1. LAB MEDIA: Quantum FX micro CT image showing quantification of bone lesions 

6.5. Co-registered data sets can be analyzed quantitatively to monitor multiple parameters during disease progression – here we are tracking growth of the metastatic tumor together with development of the osteolytic lesion in the bone.
Shots:
6.5.1. LAB MEDIA: Data showing growth of tumor and development of the osteolytic lesion.
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/index/Details.stp?ID=1597
7. Conclusion
7.1. Author name _Ed Lim: We have demonstrated a non-invasive method for monitoring tumor metastases and osteolytic lesion development using optical imaging and microCT. Using the luciferase expressing cell line, mets can be seen in less than a week while osteolytic lesion development can be visualized in a week by microCT. The Quantum FX system was used to monitor bone degradation over the course of five weeks without any adverse affects on the 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 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.










( 2010, Journal of Visualized Experiments


