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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? Y 

If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 3.4., 3.7., 4.1., 4.2.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.7., 4.2. The single most difficult aspect of this procedure is ensuring that there are flowing blood vessels that have not been damaged and can be visualized.  To ensure success the fascia is very gently cut away from the surface of the tumor without puncturing the surface. Additionally, the tumor is kept hydrated so that the surface vessels to not dehydrate and stop flowing.

E.  Will the filming need to take place in multiple locations? N
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 procedure is to visualize the dynamic events within the tumor microenvironment via high-resolution, intravital multiphoton microscopy. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Allison Harney: This method can help answer key questions about the tumor microenvironment, such as which dynamic events are involved in vascular permeability and multicellular interactions? 

1.2. Allison Harney: The main advantage of this technique is that the kinetics of the events in the tumor microenvironment can be observed and measured.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Albert Einstein College of Medicine.
Protocol (read by voice talent at JoVE):
2. Imaging preparation
2.1. Before beginning the procedure, turn on all of the microscope and laser components [1-WIDE-TXT], including the two-photon lasers and the detectors [2-MED], and set the heating box to 30°C to pre-warm the stage [3-MED]. 
2.1.1. Few seconds Talent turning on microscope (TEXT: See text for inverted microscope custom-made stage insert details)
2.1.2. Few seconds Talent turning on two photo laser(s) was better shown with a screen capture that will be provided by the lab. I didn't shoot anything for that shot
2.1.3. Few seconds Talent turning on heating box 

2.2. Wipe the microscope stage and stage insert with 70% ethanol [1-CU].
2.2.1. Few seconds stage and/or stage insert being wiped with ethanol
2.3. When the stage is dry, place a large drop of water on the 25X, 1.05 NA microscope objective to maintain optical contact with the cover glass [1-CU] and place a #1.5 thickness cover glass over the insert imaging port [2-CU].
2.3.1. Objective being selected then water being added to objective lens (Video Editor: Use only as much action as necessary for narrative/show only drop being applied as appropriate)  
2.3.2. Few seconds cover glass being placed
2.4. [1-CU]. Then cut a 30 cm piece of polyethylene tubing [2-CU].
2.4.1. Few seconds at least one piece of tape being placed was merged with 4.1.2 - rubber pad should be placed after 2.4.1
2.4.2. Few seconds tubing being cut
2.5. Using forceps, break a 31 gauge needle off of its plastic fitting [1-CU] and insert the blunted end of the needle hub into the tubing [2-CU].
2.5.1. Few seconds needle being broken

2.5.2. Few seconds needle bug being inserted into tubing
2.6. Insert an intact 31 gauge needle into the other end of the PE tubing [1-CU].
2.6.1. Few seconds needle being inserted 

2.7. Then fill a 1 cc syringe with sterile PBS [1-CU] and attach the syringe to the 31 gauge needle [2-CU].

2.7.1. Few seconds PBS being aspirated into syringe, with PBS container label visible in frame if possible

2.7.2. Few seconds syringe being attached to needle

2.8. Use the PBS to flush all of the air out of the tubing and needle [1-CU-TXT].

2.8.1. Few seconds tubing being flushed (TEXT: Isotonic saline may also be used)

2.9. Then fill one 1 cc syringe with 200 microliters of the appropriate vascular label [1-CU-TXT] and another with the appropriate injectable protein [2-CU-TXT].

2.9.1. Few seconds syringe being filled, with vascular label container label visible in frame (TEXT: e.g. 155 kDa dextran-TMR or quantum dots)

2.9.2. Few seconds syringe being filled, with injectable protein container label visible in frame (TEXT: e.g. VEGFA165 or dextran-FITC)
3. Indwelling tail vein catheter insertion and mammary tumor exposure

3.1. Before beginning the surgery, confirm the proper anesthesia with a lack of response to toe pinch [1-WIDE] and apply eye ointment to the anesthetized mouse [2-ECU-TXT].

3.1.1. Talent pinching mouse toe (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 5%-> 2.5% isoflurane)

3.1.2. Few seconds ointment being applied to one eye

3.2. Next, place the animal on a surgical platform under a heat lamp to increase the tail circulation [1-MED].

3.2.1. Talent placing mouse under heat lamp (Videographer: More Talent than mouse in shot)

3.3. After 2 minutes, sterilize the tail with 70% ethanol [1-CU] and insert the tip of the 31 gauge catheter 2-3 mm into the lateral tail vein [2-CU].

3.3.1. Few seconds tail being wiped, with ethanol container label visible in frame if possible

3.3.2. Few seconds catheter being placed

3.4. Then place a 1 cm length of lab tape onto the catheter to hold the needle parallel to the vein along the length of the tail [1-CU].
3.4.1. Few seconds tape being placed 

3.5. When the catheter has been secured, swab the ventral and tumor surfaces with 70% ethanol [1-CU].

3.5.1. Few seconds of swabbing

3.6. Then lift the skin over the abdomen [1-CU] and use sterile scissors to make an approximately 1 cm subcutaneous incision along the ventral midline of the abdomen, taking care to avoid puncturing the peritoneum [2-CU].
3.6.1. Skin being lifted (Videographer: Combine 3.6.1. and 3.6.2. as appropriate)
3.6.2. Few seconds incision being made (Videographer: Combine 3.6.1. and 3.6.2. as appropriate)

3.7. Gently cut the connective tissue attaching the mammary gland and tumor away from the peritoneum to expose the tumor [1-CU].
3.7.1. Few seconds connective tissue being cut away from peritoneum 

3.8. Then, using the scissors and forceps, gently remove the fascia and fat from the exposed surface of the tumor [1-CU-TXT].

3.8.1. Few seconds fascia/fat being removed (TEXT: Maintain tumor vasculature integrity/minimize bleeding)
4. Image acquisition
4.1. When the tumor has been exposed, transfer the mouse to the pre-warmed imaging stage [1-WIDE].  Use lab tape to secure the cover glass [2.4.1], then place the tumor in the hole of a rubber pad covering the coverslip over the microscope objective [2-CU-TXT].

4.1.1. Talent placing mouse onto stage (Videographer: More Talent than mouse)

4.1.2. Tumor being placed into rubber pad hole (TEXT: Caution: Do not dislodge needle)

4.2. When the animal is in position, [1-CU] fill the rubber pad chamber with PBS to keep the tissue hydrated and to maintain optical contact with the coverslip [2-ECU].
4.2.1. Few seconds at least one piece of tape being placed

4.2.2. Few seconds chamber being filled with PBS

4.3. Attach a pulse oximeter probe clip sensor to the thigh to monitor the animal’s vital signs [1-CU-TXT] and place the heating box over the animal [2-CU].

4.3.1. Clip being placed (TEXT: Alternatively use collar around neck) 
4.3.2. Few seconds heating box being placed

4.4. Then use the microscope eyepiece to focus on the fluorescent tumor cells on the surface of the tumor [1-MED] and locate an area with flowing blood vessels and labeled macrophages [2-SCREEN].
4.4.1. Few seconds Talent at microscope, looking for tumor cells

4.4.2. *To be submitted by Authors: few seconds shot of are with flowing blood vessels and labeled macrophages

4.5. Once a region of interest has been selected, switch the microscope to multiphoton imaging mode [1-MED] and use the focus adjuster to move the objective to the desired start location [2-SCREEN].

4.5.1. Talent switching microscope to multiphoton imaging mode

4.5.2. *To be submitted by Authors: few seconds focus adjuster being used to move objective to desired start location

4.6. Then click on the Z position “Top” button to set the set the upper limit of the z-series [1-SCREEN] and visualize the collagen fiber network at the surface of the tumor in the second harmonic generation channel [2-SCREEN].

4.6.1. *To be submitted by Authors: Z position “top” button being clicked

4.6.2. *To be submitted by Authors: Shot of collagen fiber network at surface of tumor in SHG channel

4.7. Observe when only collagen fibers and no cells are visible to determine the upper limit of the z-series [1-SCREEN].

4.7.1. *To be submitted by Authors: Shot with only collagen fibers visible

4.8. Then move the objective to the desired imaging depth [1-SCREEN-TXT] and click the Z position “Bottom” button to set the lower limit of the z-series [2-SCREEN].

4.8.1. *To be submitted by Authors: Few seconds objective being moved to desired imaging depth (TEXT: 50-150 microns)
4.8.2. *To be submitted by Authors: Z position “bottom” button being clicked 

4.9. Next, enter the desired value into the step size field [1-SCREEN-TXT]. Then switch to the Time-Lapse panel [2-SCREEN] and enter the appropriate lapse time [3-SCREEN-TXT].

4.9.1. *To be submitted by Authors: Few seconds step size field value being entered (TEXT: Step size based on resolution/acquisition time)

4.9.2. *To be submitted by Authors: Time-Lapse panel being selected/opened

4.9.3. *To be submitted by Authors: Few seconds time lapse being entered (TEXT: e.g. 0 s for continuous imaging).

4.10. Once the imaging parameters have been determined, replace the syringe attached to the catheter with the syringe of vascular labeling dye [1-CU-TXT] and slowly administer a maximum of 200 microliters of the dye solution, taking care that the solution enters the vein [2-CU].

4.10.1. Few seconds dye syringe being attached (TEXT: Caution: Do not introduce/inject bubbles)

4.10.2. Few seconds dye being dispensed

4.10.3. added shot- may be good to show the dye in vessels
4.11. After the injection, return the PBS syringe to the catheter [1-CU] and begin the Z-stack time-lapse imaging [2-SCREEN].

4.11.1. Few seconds PBS syringe being attached

4.11.2. *To be submitted by Authors: Few seconds Z-stack imaging

4.12. When all of the images have been obtained, replace the syringe of PBS [1-MED] with the syringe containing the injectable protein, taking care not to introduce any bubbles into the line [2-CU].
4.12.1. Few seconds Talent removing PBS syringe

4.12.2. Few seconds injectable protein syringe being attached

4.13. Then slowly inject the protein suspension into the mouse [1-CU] and replace the syringe with a syringe containing PBS [2-CU].
4.13.1. Few seconds protein being dispensed

4.13.2. Few seconds PBS syringe being attached
5. Results: Visualizing vascular permeability
5.1. Macrophages can be tracked with fluorescently-labeled 70 kDa dextran, which accumulates in the phagocytic macrophages [1-LM].

5.1.1. JoVE-Fig1B-14Jan2016.tif: please add/indciate M text and arrow
5.2. Dual-labeling the tumor cells [1-LM] and macrophages [2-LM] allows the direct interactions of these two cells types to be visualized in real time [3-LM].
5.2.1. JoVE-Fig1A-14Jan2016.tif: please add/indciate TC text and arrow
5.2.2. JoVE-Fig1A-14Jan2016.tif: please add/indciate M text and arrow
5.2.3. JoVE-Fig1A-14Jan2016.tif: no animation
5.3. To visualize changes in the tumor vascular permeability, quantum dots also can be used to label the vascular space [1-LM], as they are large enough that they do not readily diffuse through the interendothelial spaces [2-LM-TXT].

5.3.1. JoVE-Fig1B-14Jan2016.tif: please add/indciate BV text and arrow
5.3.2. JoVE-Fig1A-14Jan2016.tif: TEXT: Alternative: Label BV w/ high molecular weight dextran
5.4. Continuous high-resolution imaging facilitates the capture of the vascular permeability events and the quantification of the kinetics of the dextran extravasation and clearance [1-LM].
5.4.1. Movie 1_JoVE Harney.avi: as possible/appropriate, please outline the main central red area within which green and black cells move about

5.5. The peak of the vascular dye extravasation is observed between 29 and 34 minutes [1-LM], as evidenced by the extravascular TMR (Pronounce: T-M-R) signal [2-LM].

5.5.1. Figure 2-labels-02.jpg: please add/indicate white arrowheads in 29’ and 34’ images

5.5.2. Figure 2-labels-02.jpg: please outline/indicate central red staining in 29’ and 34’ images (TEXT: TMR: Dextran-tetramethylrhodamine)
5.6. Injecting additional vascular dyes or proteins to induce vascular permeability can provide insight into the signaling events regulating vascular permeability [1-LM].

5.6.1. Figure 3-JoVE Harney.jpg: sequential addition of images from left to right OR no animation

5.7. Indeed, within the first few seconds of injection, 10 kDa dextran-FITC can be observed extravasating from the vasculature [1-LM], while the 155 kDa dextran-TMR remains confined to the vascular space [2-LM].
5.7.1. Movie 2-JoVE Harney.avi: 00:01-00:08

5.7.2. Movie 2-JoVE Harney.avi: 00:08-end
6. Conclusion (said by authors on camera)
6.1. Allison Harney: Once mastered, this technique can be completed in one hour if it is performed properly.

6.2. Allison Harney: While attempting this procedure, it’s important to remember to remove the connective tissue gently without damaging the surface of the tumor and to keep the tumor surface hydrated. 
6.3. Allison Harney: Following this procedure, cellular dynamics, such as tumor cell migration, can be visualized to answer additional questions about the directionality of tumor cell migration and intravasation.
6.4. Allison Harney: After watching this video, you should have a good understanding of how to visualize dynamic cellular events in the tumor microenvironment by intravital multiphoton microscopy.
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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.  

JoVE- Fig 1A-14Jan2016
JoVE- Fig 1B-14Jan2016
Figure 2-labels-02.jpg

Movie 1-JoVE Harney.avi 
Movie 2-JoVE Harney.avi
5.7.1. Figure 3-JoVE Harney.jpg

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.

( 2013, Journal of Visualized Experiments


