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Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to use ultrasound guidance to establish a breast cancer brain metastases mouse model that can then be monitored by MRI. (Intro)  This is accomplished collecting brain-tropic breast cancer cells (P1) and injecting them into the left ventricle with the assistance of ultrasound guidance. (P2) Intracranial tumor development is then monitored using MRI (P3) and metastases are confirmed by H and E staining. (P4)  Ultimately, image-guided, accurate injection can significantly increase the success of monitoring formation and development of breast cancer brain metastases. (P5)

Video editor:
P1 – Fade in the image provided for P1. Start with just the dish, then fade to just the tube.
P2 – Add just the syringe and animate it taking up solution from the tube.  Then fade out the tube and add the map of the circulatory system (modify this to just show the 4 –chambered heart and remove all the background labels, its otherwise ©somebody else).  Move the syringe to where it is shown to be in P2 and fade on the black and white image at the word “assistance”.
P3 – Fade to the provided image.
P4 – Fade to the provided image.
P5 – Fade to Figure 3A, then to Figure 3B.

[image: C:\Users\hzhou4\Desktop\writing\jove ic br\lab media\scheme.tif]

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Dawen Zhao: The main advantage of this technique over manual injection, is that imaging-guided accurate injection significantly increased the successful rate and reduced mortality. Longitudinal MRI provides a non-invasive monitoring of the formation and development of breast cancer brain metastases.   

Protocol Chapters (read by a voice talent at JoVE)
2. Extra title card: All animal procedures were approved by the Institutional Animal Care and Use Committee of University of Texas Southwestern Medical Center.

3. Preparation of MDA-MB231/Br-GFP Cells 

3.1. For this protocol have ready MDA-MB231/Br-GFP cells, cultured in DMEM medium containing 10% FBS, 1% glutamine and 1% penicillin/streptomycin.  Always monitor the condition of the cells and replace the media every 2-3 days.
3.1.1. WID: talent unloading cells form incubator and taking them to the hood
3.1.2. CU: cells in dish, at hood, media color indicates a need to replace media
3.1.3. MED: replacing the media on a dish of cells

3.2. When 80% confluence is obtained, trypsinize and collect the cells.  First, completely remove the old medium by vacuum pipette.  Then, add 5 ml of PBS to wash the cells gently till all the cells are covered by PBS.  Then, remove the wash. 
3.2.1. CU: cells at 80% confluence, vacuum pipetting removes the media
3.2.2. MED: adding PBS to the cells and then rocking the plate
3.2.3. CU: cells covered in PBS, solution is then sucked off plate
3.3. Next, add 1.5 ml of Trypsin to the dish; tilt the dish gently to ensure all the cells are covered by Trypsin. 
3.3.1. MED: talent takes aliquot of Trypsin, bottles all well labeled, and adds it to the dish
3.3.2. CU: swirling solution around the dish, covering the cells
3.4. Put the dish back into the cell incubator at 37 °C.  Wait one minute and observe the cells under a microscope.  If they are round and floating, they have detached.
3.4.1. MED: loading and then unloading the cell form the incubator, talent must back out of shot between load/unload
3.4.2. WID: talent carrying cells to scope and then checks them under the scope
3.5. Add 3 ml of medium to stop the digestion and pipette the cell mixture to a centrifuge tube.
3.5.1. MED: at hood, talent adds media to the plate
3.5.2. CU: sucks up media with cells from he plate into a pipette
3.6. Centrifuge the mixture at 1,160 G for 5 minutes.  Then, remove the medium carefully using a vacuum pipette.
3.6.1. MED: loads centrifuge into centrifuge and starts program
3.6.2. ECU: side of tube after centrifuged, vacuum pipette removes supernatant
3.7. Next, gently resuspend the cells in 5 ml of serum free medium using a pipette until no obvious cell pellet can be seen and the solution appears homogenous. 
3.7.1. MED: talent adds media back to cells in tube
3.7.2. ECU: pipette used to resuspend the cells in the tube – solution becomes homogenous and pellet disappears
3.8. After counting the cells, resuspend them in serum-free DMEM medium at 175 thousand cells per 100 microliters.
3.8.1. WID: talent gets up from scope and takes hemacytometer off of stage
3.8.2. MED: adding more solution to the cells, already in solution, then mixing
3.9. To 50 l of the cell mixture, add 50 l of Trypan Blue.  Once thoroughly mixed, add 10 l aliquots to several cell counting slides.   Then, count the cells.
3.9.1. CU: aliquot of cells taken from stock tube
3.9.2. MED: aliquot of trypan blue taken from clearly labled bottle and added to tube with cell aliquot
3.9.3. CU: adding aliquot of cells+blue to cell counter
3.10. From the cell counter values, calculate and use the average of all the counts.
3.10.1. MED: loading the cell counting slide into the counter, then recording values from the counter into notebook
3.11. Now, make a more accurate cell suspension. Centrifuge them again (TEXT: 1160 x g, 5 min) and resuspend them at 175 thousand cells per 100 µl of serum free medium.  Then, store the cells on ice for the intra-cardiac injection.
3.11.1. MED: loading the cells into the centrifuge
3.11.2. MED: removing supernatant by vacuum pipette, then adding a specific volume of media and then suspending the cells by pipetting up/down
3.11.3. CU: pushing prepared cells into the ice, in bucket
4. Ultrasound Imaging-Guided Intra-Cardicac Injection 
Videographer: This section will involve the authors providing the material as the area in the lab where this is done accessible to restricted personal only.  In the extra time you have at the shoot, go over all their media with them and make sure it is of good enough quality. 
Authors: Although is will be challenging, please make video files according to the instructions here.  The videographer will work with you to help you understand the instructions and make sure that the video is of sufficiently good quality.  The videos you have already made may work if they fit the descriptions of what is called for here.  Still images will not be acceptable unless you can clear it with Aaron. 
4.1. For this protocol, use female Balb-C nude mice, 6 to 8 weeks old.
4.1.1. WID: talent arrives to location for surgery with Balb-C mice

4.2. Log into the imaging system and initialize transducer 704, at 40 MHz.

4.2.1. MED: talent takes a seat at the ultrasound system

4.2.2. LAB MEDIA:  screen capture movie – initializing the transducer

For actions on the computer, we want video files.  Please read my directions again and ask for further instruction on how to capture movie files if needed.
Authors, for these steps involving the computer, obtain a screen capture software package with the capability of making videos.  Create full quality videos for each step described in the step here.   Name them according to the LAB MEDIA precursor number and upload them to your project folder.  If they are too large to upload, give them to the videographer on a disc.  Also, list these files in the section at the end of the script entitled Provided Media.

Note: the step numbering has changed.  Pease make sure the media files match the current step numbers correctly.
4.3. Start a new study and fill in the information prompts accordingly.
4.3.1. LAB MEDIA: screen capture movie – starting study, filling in prompts

4.4. Next, anesthetize the mouse (TEXT: 3% isoflurane / 100% O2) and deliver anesthetic via a nosecone during the guided injection. (TEXT: 2% isoflurane, 1 dm3/min)
4.4.1. MED: talent sets anesthetized mouse up for surgery, drapes mouse’s face
4.5. Set the temperature of the imaging table to 37 °C and tape the mouse to the table in a supine position.
4.5.1. CU: setting the imaging temperature to 37, show hands dialing in set temp on temp control apparatus
4.5.2. ECU: on mouse, showing limbs being taped down – do not film face of mouse

4.6. Keep the ultrasound gel at 37 °C prior to imaging and apply some to the chest of the mouse. 
4.6.1. MED: talent reaching for gel in heated water bath from a heating unit mounted on the wall and removes some from bottle – 
4.6.2. CU: applying gel to mouse’s chest
Video 51146_Zhao_Video4.5.2-4.6.2.avi for three steps continuously
Closer look in video 51146_Zhao4.6.2.avi

4.7. Now, mount the transducer in the holder and lower it to the desired imaging depth.
4.7.1. MED: attaching the transducer to the holder
4.7.2. CU: transducer is moved into to imaging depth 

4.8. Next, move the stage until the left ventricle is identified with the ascending aorta as the landmark.  Lock the stage where the view is at its clearest.
4.8.1. MED: talent watching the screen as the left ventricle is visualized, then locking it

4.8.2. LAB MEDIA: screen capture movie – show the screen bringing the left ventricle into focus Figure 1A

4.9. Now, draw 100 µl of the chilled cell mixture into a 1 ml syringe with a 22 Gauge needle.  Fix the loaded syringe to the syringe mount.  

4.9.1. MED: loading the syringe with cell mixture, then attaching needle
4.9.2. CU: mounting the loaded syringe to the holder
4.10. Then, move the syringe towards the chest and, before entering the mouse, carefully move it side to side until the needle tip is in the imaging field of view.
4.10.1. CU: needle moving toward chest and then side to side

4.10.2. LAB MEDIA: screen capture movie – needle coming into field of view next to ventricle
4.11. Adjust the needle height and angle to target the left ventricle …
4.11.1. ECU: adjusting position of needle over mouse
4.12. … and when in position, promptly penetrate the needle through skin and muscle layers into the left ventricle under the guidance of the ultrasound image. 
4.12.1. ECU: needle penetrating mouse’s chest – continue into 4.13.1
4.12.2. LAB MEDIA: screen capture movie - making entry into ventricle
4.12.3. LAB MEDIA: Figure 1B
4.13. An indication of a successful insertion into the left ventricle is the reflux of fresh, pink arterial blood into the syringe.  Then, inject the cell mixture slowly.
4.13.1. ECU: continued from 4.12.1 – blood backwashing into syringe – then cells slowly injected from syringe
4.13.2. LAB MEDIA: 51146_Zhao_Video1.avi

4.14. Upon completion, withdraw the needle, lift up the transducer, and clean the ultrasound gel with dampened gauze.  
4.14.1. ECU: needle retracted from mouse, can be continued from 4.13.1
4.14.2. MED: lifting transducer and then cleaning machinery/mouse
4.15. Then, release the animal from the tape and transfer it to a clean cage with a preheated pad.  Observe the mouse until it fully recovers and thereafter check on it daily for a few days.
4.15.1. MED: moving mouse from ultrasound stage to clean cage with heat pad
4.15.2. WID: observing the mouse, mouse is moving around, then taking mouse out of ultrasound room [4.15.2-4.15.3 represented by one video 51146_Zhao_Video4.15.2]
4.15.3. WID: following shot - return mouse to the colony
5. Tumor Analysis
5.1. Using a 78 square micron, in-plane resolution MRI, hyperintense lesions can be identified at 310 microns in diameter. Because the metastases in this study were very small and necrosis and edema was minimal, the hyperintense lesion on T2-weighted images truly represented the tumor mass. 
5.1.1. LAB MEDIA: figure 2
5.2. Longitudinal MRI studies allow in vivo non-invasive evaluation of tumor growth.  The high resolution MRI was able to detect several small lesions 3 weeks after intracardiac injection.
5.2.1. LAB MEDIA: Fig. 3A
5.3. On week 4, the lesions that were seen in the previous scan all became larger; more new lesions appeared on T2-weighted images.
5.3.1. LAB MEDIA: Fig. 3B
5.4. H and E staining revealed diffuse metastatic lesions.
5.4.1. LAB MEDIA: Fig. 4A
5.4.2. LAB MEDIA: Fig. 4B
Video editor: fade between the two
5.5. Or H and E revealed cluster type metastatic lesions.
5.5.1. LAB MEDIA: Fig 4A
5.5.2. LAB MEDIA: Fig 4C
Video editor: fade between the two
5.6. Enlarged vessels were often seen around the tumor, indicating non-sprouting angiogenesis was taking place.
5.6.1. [bookmark: _Toc352234971]LAB MEDIA: Fig. 4D

6. Conclusion Interview (spoken by you on camera)
6.1. Heling Zhou: After watching this video, you should have a good understanding of how to perform the ultrasound imaging-guided needle injection into the left ventricle of a mouse heart.

List of Provided Media Filenames and Descriptions (fill this in)

51146_Zhao_Figure4.2.2.tif
51146_Zhao_Figure4.3.tif
51146_Zhao_Figure4.4.tif
51146_Zhao_Figure4.5.tif

51146_Zhao_Figure4.6.tif
51146_Zhao_Figure4.7.2.tif

51146_Zhao_Fig1.tif
51146_Zhao_Fig2.tif
51146_Zhao_Fig3.tif
51146_Zhao_Fig4.tif
51146_Zhao_Video4.1.1.avi
51146_Zhao_Video4.2.1.avi
51146_Zhao_Video4.5.2-4.6.2.avi
51146_Zhao_Video4.6.2.avi
51146_Zhao_Video4.7.1.avi
51146_Zhao_Video4.7.2.avi
51146_Zhao_Video4.9.1.avi
51146_Zhao_Video4.9.2.avi
51146_Zhao_Video4.10.1.avi
51146_Zhao_Video4.14.1.avi
51146_Zhao_Video4.14.2.avi
51146_Zhao_Video4.15.1.avi
51146_Zhao_Video4.15.2.avi51146_Zhao_Video1.avi



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.


 2013, Journal of Visualized Experiments

image1.tiff




