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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y (If you can record images/videos using your own camera/software, then mark No) If yes, please list make and model of your microscope: Leica M165 FC and Leica MZ 16 FA 
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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.2, 4.3, 4.6, 5.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 4.6, 5.2
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? In the same building but different labs
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this microinjection of human breast cancer cells into embryonic Zebrafish is to investigate the invasive behavior and assess the metastatic potential of human breast cancer cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Peter ten Dijke: This method can help answer key questions on intravasation and extravasation that arise in the cancer metastasis field [1-MED].
1.1.1. Peter speaks toward camera, interview style.

1.2. Peter ten Dijke: The main advantage of this technique is that it provides an elegant, rapid and cheap in vivo model for evaluating the ability of cancer cells to invade and metastasize [1-MED].
1.2.1. Peter speaks toward camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Sijia Liu: The implications of this technique extend towards the development of new pharmacological compounds with anti-metastatic activity [1-MED]. 
1.3.1. Sijia speaks toward camera, interview style.

1.4. Sijia Liu: Though this method can provide insight into cancer invasion and metastasis, it can also be applied to study other phenomena, such as peritumoral angiogenesis and cancer cell dormancy [1-MED].
1.4.1. Sijia speaks toward camera, interview style.

1.5. Jiang Ren: Generally, individuals new to this method will struggle because much practice is needed to successfully inject tumor cells into correct sites of a small zebrafish embryo [1-MED].
1.5.1. Jiang speaks toward camera, interview style.
Authors, the purpose of the optional interview statements is to introduce new speakers hence some of the statements were eliminated. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Procedures involving animal subjects have been approved by the Institutional Committee for Animal Welfare at the Leiden University Medical Center in Leiden, The Netherlands.
Protocol (read by voice talent at JoVE):

2. Preparation of Fluorescent Cells 
2.1. To begin, transduce human breast cancer MDA-MB-231 cells (pronounced: M-D-A-M-B two three one), breast epithelial MCF10A cells (pronounced: M-C-F ten A) and breast epithelial MCF10A-Ras (pronounced: M-C-F-ten A ras) cells and culture them in a T75 flask [1-WIDE-TXT].
2.1.1. Talent removes culture dishes from the incubator and places them in the laminar flow hood TEXT: See text protocol for details on cell culture and transduction.
2.2. Once the transduced cells reach 80% confluence, remove the medium from a T75 flask [1-MED] and detach the cells with 0.5% trypsin-EDTA solution [2-CU]. Then, neutralize trypsin with medium [3-MED-over the shoulder]. 
2.2.1. Talent removes the medium from a T75 flask.

2.2.2. Show the trypsin being added to the flask.

2.2.3. Talent pipettes medium to the flask containing trypsin.

2.3. Next, centrifuge cells at 1,000 rpm for 5 min to remove the medium [1-MED], wash them with PBS… [2-CU-TXT] and centrifuge the sample one more time [3-MED-over the shoulder]. 
2.3.1. Talent places the sample in a centrifuge. Please show centrifuge settings, if possible.

2.3.2. Show PBS being added to the pelleted cells, TEXT: Repeat wash 2x.
2.3.3. Talent places the sample in a centrifuge. Please show centrifuge settings, if possible.
2.4. After washing, resuspend the cells in approximately 200 μL of PBS to obtain a suspension of no more than 1 × 108 cells/mL [1-CU]. Store the cell suspension in 4 °C for no longer than 5 hours [2-MED]. 
2.4.1. Show how the pellet is being resuspended in PBS.
2.4.2. Talent places the sample in a refrigerator.

3. Preparation of Zebrafish Embryos 
3.1. To prepare Zebrafish embryos for implantation, incubate approximately 60 embryos in a petri dish filled with egg water supplemented with 60 μg/mL of sea salts at 28 °C [1-MED-TXT].
3.1.1. Talent removes the dish from the incubator and places it on the bench, TEXT: See text protocol for details on embryos preparation.
3.2. Then using fine tweezers, remove chorions from the embryos at 48 hours post fertilization [1-SCOPE].
3.2.1. Show how the chorion is removed from an embryo. Author note: Please show a combination of high and low magnification
3.3. To anesthetize the embryos for the implantation procedure, transfer them to a 40 μg/mL solution of tricaine (pronounced: tri-caine) in egg water [1-MED-over the shoulder-TXT]. 
3.3.1. Show Talent transferring the embryos, TEXT: Anesthetic: 40 μg/mL tricaine in egg water
4. Xenotransplantation into the Perivitelline Space 
4.1. Prior to the implantation, prepare injection needles [1-MED]. To do this, load a borosilicate microcapillary tube into a micropipette puller and pull the needle [2-CU-TXT]. Store the prepared needles in a needle holder plate until needed [3-MED]. 
4.1.1. Talent takes out a microcapillary tube from the box. 
4.1.2. Show how the tube is mounted to a micropipette puller, TEXT: Puller settings: air pressure: 500, heat: 650, pull strength: 100, velocity: 200, time: 40
4.1.3. Talent places the needle in a box.
4.2. Aspirate 15 μL of the prepared cell suspension into an injection needle [1-ECU]. Next, attach the needle to a micromanipulator… [2-MED] and using fine tweezers, break its tip to 5 to 10 μm [3-CU]. 
4.2.1. How the suspension being aspirated into an injection needle. Author note: Please show a combination of high and low magnification
4.2.2. Talent attaches the needle to a micromanipulator.

4.2.3. Show how the tip is being broken. SCOPE and CU
4.3. Adjust the pneumatic picopump… [1-MED] and inject cells onto the petri dish pre-coated with sterile 1% agarose [2-SCOPE]. [3-SCOPE-TXT]. 
4.3.1. Show Talent adjusting the settings of the picopump. Show the settings, if possible.  
4.3.2. Show the suspension being injected onto the petri dish.

4.3.3. Show the cells injected onto agarose along with the scale of the micrometer, TEXT: 100 cell/nL 

4.4. Then, transfer approximately 10 anesthetized embryos at 2 to 3 days post fertilization onto a flat injecting plate coated with 1% agarose [1-MED]. Arrange the position of the embryos with a hair loop tool so that they are oriented in the same direction [2-SCOPE]. 
4.4.1. Talent transfers 2 - 3 embryos to a plate. 

4.4.2. Show how to position an embryo using a hair loop tool.

4.5. While injecting, manually adjust the injection plate position to place the embryos in a diagonal orientation, which is preferred for a precise needle insertion [1-SCOPE].
4.5.1. Show the proper positioning of the embryos.
4.6. Direct the needle tip at the injection site and gently insert it into the perivitelline (pronounced: peri-vi-te-ll-in) space localized between the yolk sac and the periderm of the Zebrafish embryo [1-SCOPE].
4.6.1. Show how the needle is inserted into the perivitelline space. (Video Editor: please FREEZE FRAME and highlight the injection site, if possible)
4.7. Lastly, inject approximately 400 tumor cells labeled with mCherry. Make sure not to rupture the yolk sac to avoid a misplaced implantation [1-SCOPE].
4.7.1. Show cells injection. Use take 4
5. Xenotransplantation into the Duct of Cuvier 
5.1. To inject the cells into the Duct of Cuvier (pronounced: cu-vier), approach the vein from the dorsal side of the embryo, with the needle kept at a 45° angle [1-SCOPE].
5.1.1. Please show the needle is kept in respect to the embryo. (Video Editor: Please FREEZE FRAME and highlight the angle between the needle and the embryo, if possible.) Author note: If possible, please zoom in on the needle touching the embryo
5.2. Insert the needle at the starting point of the duct of the cuvier, localized dorsally to the point where the duct starts broadening over the yolk sac [1-SCOPE]. Then, inject approximately 400 cells [2-SCOPE-TXT]. 
5.2.1. Show how the needle is positioned for the injection. Combined with 5.2.2; last take is the best
5.2.2. Show cells being injected into an embryo, TEXT: One can make several consecutive injections. Included in 5.2.1
5.3. After applying the pulse, observe whether the volume within the duct expands immediately over the yolk sac to ensure the implantation was properly targeted [1-SCOPE].
5.3.1. Please show how the duct expands. 
5.4. Finally, transfer the injected Zebrafish embryos to the egg water [1-ECU] and incubate them at 33 °C until further analysis [2-MED].
5.4.1. Show the embryo being placed in a petri dish filled with egg water.
5.4.2. Talent places the dish in an incubator. Please show incubator’s settings if possible.
6. Invasion and Metastasis Assessment 

6.1. To visualize metastasis, with a Pasteur pipette transfer the injected Zebrafish embryo to a glass bottom polystyrene dish [1-MED-over the shoulder] and remove excess egg water [2-CU].

6.1.1. Talent places the embryo on the bottom of a dish. Includes 6.2.2
6.1.2. Show the excess water being aspirate. Included in 6.1.1
6.2. Then, with a hair loop tool, position the embryo and cover it with dish lid [1-SCOPE].

6.2.1. Show how the position of the embryo is adjusted.

6.3. Image the whole body of the embryo with a confocal microscope set to low magnification to obtain a general pattern of tumor cell dissemination [1-MED-over-the-shoulder-TXT].
6.3.1. Show Talent sitting by the microscope and the monitor with an image of the embryo’s body, TEXT: 10X magnification

6.4. Use a 488-nm laser to visualize the Zebrafish embryo vasculature and a 543-nm laser to visualize implanted tumor cells labeled with red fluorescent marker [1-MED].
6.4.1. Show the screen with the Zebrafish embryo visualized with 488 nm laser, then show the laser being switched to 543 nm.
6.5. Next, scan the embryo in eight to ten steps to acquire a high-quality image [1-MED-over the shoulder-TXT]. 
6.5.1. Show Talent acquiring the image, TEXT: Scan and average each step six times.
7. Results: Xenotransplanted MDA-MB-231, MCF-10A and MCF-10A-Ras Cells Reveal Distinct Invasiveness Patterns
7.1. Presented here are photographs of Zebrafish embryos that were taken with a confocal microscope 3 days after perivitelline injection of MDA-MB-231 cells [1-LM]. MDA-MB-231 cells widely disseminated within the Zebrafish body, manifesting highly invasive potential [2-LM].  
7.1.1. Figure 4A, 55459fig4.jpg: Show images labeled as 3 dpi. 
7.1.2. Figure 4A, 55459fig4.jpg: Show images labeled as 3 dpi. Highlight arrowheads. 
7.2. MCF-10A-Ras cells, when implanted to Zebrafish embryos revealed moderate invasive capacity [1-LM] with only a few cells spread to distant parts of the body [2-LM].

7.2.1. Figure 4B, 55459fig4.jpg: Show images labeled as 3 dpi. 
7.2.2. Figure 4B, 55459fig4.jpg: Show images labeled as 3 dpi. Highlight arrowheads. 
7.3. Upon transplantation [1-LM] MCF-10A cells remained non-invasive and concentrated within the injection site, confirming that all studied cells reveal different invasive potential [2-LM].

7.3.1. Figure 4C, 55459fig4.jpg: Show images labeled as 3 dpi. 
7.3.2. Figure 4C, 55459fig4.jpg: Show images labeled as 3 dpi. Highlight arrowheads. 
7.4. The highly invasive character of MDA-MB-231 cells [1-LM] was reflected in their enhanced migration capacity observed within the perivitelline space [2-LM]. To some extent, such migration was also observed for MCF-10A-Ras cells [3-LM]. On the contrary, MCF-10A cells did not migrate in the perivitelline space [4-LM]. 
7.4.1. Figure 4A, 4B & 4C, 55459fig4.jpg: Show only first images from 3 dpi row. 
7.4.2. Figure 4A, 4B & 4C, 55459fig4.jpg: Show figure from step 7.4.1. Point at the red cells in the first picture. 
7.4.3. Figure 4A, 4B & 4C, 55459fig4.jpg: Show figure from step 7.4.1. Point at the red cells in the second picture. 
7.4.4. Figure 4A, 4B & 4C, 55459fig4.jpg: Show figure from step 7.4.1. Point at the red cells in the third picture. 
7.5. Distinct metastatic behavior of MDA-MB-231 and MCF-10A-Ras cells was also observed when both cell types were implanted into the embryo’s duct of cuvier [1-LM]. As shown, MDA-MB-231 cells migrated independently of one other [2-LM] while MCF-10A-Ras were prone to migrate in clusters [3-LM]. 
7.5.1. Figure 5A & 5B, 55459fig5.jpg: Show only the figures with 200 μm and 50 μm scales from the rows labeled as 3 dpi.
7.5.2. Figure 5A & 5B, 55459fig5.jpg: Show figure from step 7.5.1, highlight arrows in figure 5A. 
7.5.3. Figure 5A & 5B, 55459fig5.jpg: Show figure from step 7.5.1, highlight arrows in figure 5B. 
Authors, the results section has been modified to in order to include requested Figure 5.
8. Conclusion (said by authors on camera)
8.1. Jiang Ren: Once mastered, the injection can be done in 2 seconds if it is performed properly [1-MED].
8.1.1. Jiang speaks toward camera, interview style.

8.2. Jiang Ren: While attempting this procedure, it’s important to identify improperly injected zebrafish and discard them after microinjection [1-MED].
8.2.1. Jiang speaks toward camera, interview style. (Video Editor: Shot 5.3.1 could be used in place of video of author here.)
8.3. Sijia Liu: Following this procedure, other methods like immunofluorescence can be performed in order to answer additional questions such as how cancer cells proliferate in the zebrafish or how they affect the surrounding host cells [1-MED].
8.3.1. Sijia speaks toward camera, interview style.

8.4. Sijia Liu: After watching this video, you should have a good understanding of how to use zebrafish model to study an invasive behavior and to assess intravasation and extravasation capacity of human breast cancer cells [1-MED].
8.4.1. Sijia speaks toward camera, interview style. (Video Editor: Shot 6.3.1 could be used in place of video of author here.)
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.  

7.1-7.4 – 55459fig4.jpg – Micrographs of MDA-MB-231, M2 and M1 cells transplanted into perivitelline space of Zebrafish embryos 
7.5 – 55459fig5.jpg - Micrographs of MDA-MB-231 and M2 cells transplanted into duct of cuvier of Zebrafish Embryos
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 are included in the email accompanying the finalized script.
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