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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? Enter Yes or No. Yes, while a dissecting or stereomicroscope is not needed for this surgery, it is necessary for construction of the window. Our current stereoscope is not able to record images or movies so we will need to use your scope kit. We use an Olympus SZX2-ILLT. 
If Yes, can you record movies/images using your own microscope camera?
  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Enter Yes or No.  Yes.  The filmed portion of our protocol does include step-by-step descriptions of software usage. We will acquire and upload the labelled “screen” images.
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. Please upload all screen captured video files to your project page as soon as possible.
https://www.jove.com/account/file-uploader?src=19341013

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
Yes. We are filming in two locations within the same building. The window implantation/surgery will take place in the animal facility in the basement while imaging will take place on the 4th floor.
If Yes, how far apart are the locations? 4 floors


To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  28
Number of Shots:  53 

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Maria Virumbrales-Munoz: Intravital imaging allows us to observe physiological interactions within the TME, and by using this protocol, specific dynamic behaviors that are observed can be compartmentalized based on local tissue features. 
1.2.  
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

REQUIRED: What is the main advantage of this technique?
1.1. Maria Virumbrales-Munoz: This protocol can segment uses only ubiquitous, label-free signal from collagen fibers or autofluorescent metabolites to segment the TME, thereby minimizing the amount of manipulations to the mouse.  
1.2. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Maria Virumbrales-Munoz: While this workflow was designed for mammary tumor models, this protocol is broadly applicable to any intravital system where understanding dynamic interactions relative to ECM structures or vasculature is required.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Maria Virumbrales-Munoz: Demonstrating the procedure will be Dave Inman, a senior research specialist, and Erica Hoffmann, a graduate student, a  from my our laboratory. Include additional demonstrators as needed.  	Comment by BRIAN M BURKEL: 
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.7. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Wisconsin-Madison.

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Generation and Surgical Implantation of the Mammary Imaging Window (MIW)
2.1. Start preparing mammary imaging window or MIW cover glass by soaking the #1.5 12-millimeter round cover glass in 100% ethanol for 10 minutes [1]. Then, dry the cover glass under a heat lamp [2] and secure the glass to the metal MIW frame using cyanoacrylate adhesive [3]. Cure the adhesive overnight [4]. Authors: How would you like JoVE’s voice talent to pronounce #1.5?	Comment by BRIAN M BURKEL: This should be read as a “number 1.5”
2.1.1. WIDE: Establishing shot of talent soaking cover glass in ethanol.
2.1.2. Talent DI drying cover glass.
2.1.3. Talent DI securing cover glass to the metal MIW.
2.1.4. Talent DI curing the adhesive,

2.2. The next day, use an acetone-soaked swab to clean the assembled MIW of excess adhesive [1] before submerging the MIW by in 70% ethanol for at least 1 minute [2]. After drying [3], store the cleaned MIW in a sterile Petri dish [4].
2.2.1. Talent DI cleaning the assembled MIW of excess adhesive.
2.2.2. Talent DI submerging the MIW by in 70% ethanol.
2.2.3. Talent DI drying MIW.
2.2.4. Talent DI placing the cleaned MIW in a sterile Petri dish.

2.3. Before beginning the surgery for the window implantation, autoclave surgical tools and sanitize surfaces with 70% ethanol [2].
2.3.1. Talent DI sanitizing surfaces.

2.4. Prepare a sanitized tabletop for the surgery with a warming blanket covered with a sterile field [1]. Set the warming blanket such that the temperature measured on top of the sterile field is 40 degrees Celsius [2].
2.4.1. Talent DI placing a sanitized tabletop for the surgery.
2.4.2. Talent DI saetting up the temperature.

2.5. Use auxiliary cold lighting and magnifying glasses for the surgical procedure [1]. Wear PPE consisting of a sterile, single-use lab coat, surgical sleeves, gloves, eye protection, and face mask as recommended by the surgical best practices [2].
2.5.1. Talent DI arranging auxiliary cold lighting and magnifying glasses for the surgical procedure.
2.5.2. Talent DI wearing PPE.

2.6. Remove the fur of the anesthetized mouse at the 4th inguinal mammary gland with a depilatory cream [1] and rinse the surgical site with a sterile water-soaked gauze [2]. Then, prepare the depilated surgical site for surgery by sanitizing the skin surface with 3 alternating betadine and ethanol scrubs [3].
2.6.1. Talent DI removing the fur of the mouse.
2.6.2. Talent DI rinsing the surgical site with a sterile water-soaked gauze.
2.6.3. Talent DI sanitizing the skin surface.

2.7. When done, gently lift the skin over mammary gland number 4 using forceps [1]. Once the skin is pulled away from the body wall, remove a 1-millimeter section of the dermal layer at the tip of the forceps with surgical micro-scissors [2]. If bleeding occurs, apply gentle pressure with a sterile gauze until the bleeding stops [3].
2.7.1. Talent DI lifting the skin over mammary gland.
2.7.2. Talent DI removing section of dermal layer to start incision.
2.7.3. Talent DI applying pressure with with a sterile gauze.	Comment by BRIAN M BURKEL: This step is rarely necessary. It is unusual for bleeding to happen during surgeries.

2.8. Without cutting the underlying gland, create a 10-millimeter incision [1] and then release the mammary gland from the dermal layer with gentle movement of the forceps. [2].
2.8.1. Talent DI finishes 10 mm incision
2.8.2. Talent DI releasing the mammary gland from the dermal layer.

2.9. Add PBS to cover the exposed gland [1].
2.9.1. Talent DI adding PBS to the exposed gland.

2.10. Use a 5-0 (five-oh) silk braided suture to create a purse-string suture along the periphery of the opening [1]. Then, insert an edge of the MIW so that the dermal layer engages into the receiving notch of the MIW [2]. 
2.10.1. Talent DI suturing the opening.
2.10.2. Talent DI inserting an edge of the MIW.

2.11. While stretching the epithelium at the opposite side of the MIW, push the metal MIW into place such that the dermal layer fully engages the receiving notch around the entire MIW circumference [1]. Cinch the purse string tight to draw the dermal layer into the notch and tie off the layer to secure the window [2].
2.11.1. Talent DI pushing the metal MIW into place.
2.11.2. Talent DI tying off the suture.

2.12. Apply a topical antibiotic to the dermal layer at the MIW, and continuously monitor the mouse until it has regained sufficient consciousness to maintain sternal recumbency [1]. House the MIW-implanted mouse separately on soft bedding with an igloo placed in the cage and allow the mouse to recover for 48 hours before imaging [2].
2.12.1. Talent DI applying a topical antibiotic to the dermal layer at the MIW.
2.12.2. Talent DI transferring the mouse in the cage.

3. Positioning and Maintaining Mouse on the Microscope Stage for Imaging
3.1. Set up a heating chamber on the microscope stage [1] and use a forced-air system set to 30 degrees Celsius for the surgery [2]. Use an additional objective heater to avoid drift in z (zee) focus and allow the system to come to equilibrium at 30 degrees Celsius for at least 1 hour before imaging [3].
3.1.1. WIDE:  Talent EH setting up a heating chamber on the microscope stage.
3.1.2. Talent EH installing a forced-air system.
3.1.3. Talent EH setting objective heater.

3.2. After confirming the anesthesia with the toe pinch method [1], add an eye ointment to the mouse [2], and insert a tail vein catheter  [3]. 
3.2.1. Talent DI confirming the anesthesia to the mouse with the toe pinch method.
3.2.2. Talent DI adding an eye ointment.
Talent inserting a tail vein catheter.

3.3. To maintain proper hydration, inject 0.5 mL of PBS sub-cutaneously every 100 microliters of PBS into the tail vein catheter every 2 hours for the duration of the imaging session [1-TXT].
3.3.1. Talent DI injecting PBS into the tail vein catheterscruff of the neck. TEXT: Alternatively, inject 0.5100ul mL of PBS sub-cutaneouslyinto a tail vein catheter.

3.4. Clean the outside of the MIW glass with a cotton applicator and glass cleaner [1] before transferring the mouse to the pre-warmed microscope stage [2].
3.4.1. Talent EH applying water-based gel instead of water to objective.
3.4.2. Talent EH cleaning outside of the MIW glass with a cotton applicator and glass cleaner.
3.4.3. Talent EH transferring the mouse to the microscope stage.

3.5. After laying the mouse on the microscope stage, fit the isoflurane hose [1] and press the collar of the MIW into a 14-millimeter receiving hole in the stage insert to stabilize the images [2]. Bring the imaging field into focus using the microscope oculars and bright field illumination observing vasculature with blood flow [3].
3.5.1. Talent fitting the isoflurane hose.
3.5.2. Talent EH inserting the collar of the MIW into receiving hole in the stage insert.
3.5.3. [bookmark: _GoBack]Talent EH fitting the isoflurane hose.
3.5.4. SCOPE: Imaging field bringing into focus. Vasculature being observed.

3.6. Check the stability of the field of view. If breathing movement artifacts are present [1], apply gentle compression to the backside of the gland with a small foam block and a cincture-like piece of adhesive tape [2]. After compression is applied, verify that blood flow is maintained throughout the field of view [3].
3.6.1. SCOPE: Stability being checked. Breathing movement artifacts being observed.


4. Set Up for 4D, Intensity-based, Label-free Intravital Imaging of Dynamic Cell Behavior
4.1. Once the mouse is sedated and securely positioned on the inverted microscope stage, start locating regions of interest [1]. 
4.1.1. SCREEN: Region of interest being located. 
4.1.2. Talent applying water-based gel instead of water to objective.
Authors: Please obtain screen capture videos for all the shots labeled as SCREEN and upload them on your project page: https://www.jove.com/account/file-uploader?src=19341013

4.2. Using a light source directed at the MIW, use the oculars of the microscope to identify potential areas for investigation. The focus should be on seeing vasculature and blood flow. Add and save the x, y positions in the software [1].
4.2.1. SCREEN: Vasculature and blood flow being focused and positions being saved.

4.3. When the appropriate power levels are set, set up the z-stacks and observe the appearance of abundant collagen fibers at 20 to 50 micrometers beneath the glass surface of the MIW [1]. 
4.3.1. SCREEN: Z-stacks being set and collagen fibers being observed.

4.4. Collagen will become less prevalent as the microscope sections deeper into the tumor. The voids in the second harmonic generation or SHG reveal the location of tumor masses [1]. 
4.4.1. SCREEN: Location of tumor masses being revealed.

4.5. Set the top z-slice, beneath the layer of solitary cells where the first collagen fibers appear at 50 to 100 microns. Set the bottom z-slice at 250 micrometers, where the fibers fade out, and the poor signal dominates. Repeat the procedure for all x-y positions saved [1].
4.5.1. Top and bottom Z-slice being set.
 
4.6. Once the z-stack range is set, increase the dwell time to 8 microseconds and optimize the power and detector settings. Optimize the power levels needed to excite the tissue for each experiment. Use powers up to 90 milliwatts at 750 nanometers or 70 milliwatts at 890 nanometers at the back aperture of the objective [1].
4.6.1. SCREEN: Dwell time being increased and pwer setting being optimized.

4.7. Start with 10-minute intervals between collection points for most intravital migration movies and adjust the time intervals according to experimental goals [1].
4.7.1. SCREEN: Time intervals being adjusted.

4.8. If the signs of phototoxicity, like cell blebbing or rapidly increasing autofluorescence and excessive photobleaching, are observed, reduce laser power or increase timelapse intervals as conditions indicate [1].
4.8.1. SCREEN: Laser power being reduced and timelapse being increased.

5. [bookmark: _Hlk93413035]Fluorescence Lifetime Imaging (FLIM) of NAD(P)H
5.1. For fluorescence lifetime imaging or FLIM of NAD(P)H (spell out), start preview scanning and adjust the laser power until the readout for the constant fraction discriminator or CFD is between 1 x 105 and 1 x 106. Exceeding 1 x 106 can result in photon pileup and poor overall results [1]. Authors: How would you like JoVE’s voice talent to pronounce FLIM? As F-L-I-M or other?	Comment by BRIAN M BURKEL: FLIM is said like slim
5.1.1. SCREEN: FLIM being initiated and laser power being adjusted.

5.2. Once the power level is set, set the integration time between 90 to 120 seconds and start the FLIM collection to acquire photons from the field of view for the allotted time [1].
5.2.1. SCREEN: FLIM collection being started.


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

[bookmark: Text1]Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 186. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: Intravital Imaging of the Mammary Tumor Microenvironment
6.1. A typical field of view within a label-free mammary tumor [1] demonstrated abundant collagen fibers near the window and a decrease in abundance deeper into the tumor [2].
6.1.1. LAB MEDIA: Figure 1 B-E.
6.1.2. LAB MEDIA: Figure 1 B-E. Video Editor: Sequentially emphasize images from B to E

6.2. The use of the fluorescence lifetime of NAD(P)H (spell out) aided in the identification of the vasculature [1]. Some dark regions in the images were [2] tumor folds or the butting up of adjacent tumor lobes [3].
6.2.1. LAB MEDIA: Figure 2 B-F.
6.2.2. LAB MEDIA: Figure 2 G. 
6.2.3. LAB MEDIA: Figure 2 G. Video Editor: Please emphasize yellow arrow

6.3. To identify vasculature, a composite image using NAD(P)H FLIM was validated by comparing maximum intensity projections of the intravital stack [1] before [2] and after tail vein injection of fluorescent dextran [3].
6.3.1. LAB MEDIA: Figure 2 I-J.
6.3.2. LAB MEDIA: Figure 2 I-J. Video Editor: Please emphasize image K
6.3.3. LAB MEDIA: Figure 2 I-J. Video Editor: Please emphasize images I and J

6.4. The representative analysis shows [1] the quantification of four mice [2] and the fields of view [3].
6.4.1. LAB MEDIA: Figure 2 L.
6.4.2. LAB MEDIA: Figure 2 I-J. Video Editor: Please emphasize text represented in different colors
6.4.3. LAB MEDIA: Figure 2 I-J. Video Editor: Please emphasize dots

6.5. To delineate the boundaries of the label-free tumor masses, NAD(P)H autofluorescence was used [1]. The images reported the metabolic signatures of the cells [2] and the location of blood vessels [3]. FAD autofluorescence also identified the macrophages [4].
6.5.1. LAB MEDIA: Figure 3 A.
6.5.2. LAB MEDIA: Figure 3 A. Video Editor: Please emphasize green region
6.5.3. LAB MEDIA: Figure 3 A. Video Editor: Please emphasize red region
6.5.4. LAB MEDIA: Figure 3 A. Video Editor: Please emphasize magenta cells

6.6. With the segmentation scheme, the label-free tumor was segmented into [1] compartments for the tumor nest [2], stroma [3], and vasculature using only SHG and NAD(P)H autofluorescence [4].
6.6.1. LAB MEDIA: Figure 3 B-G.
6.6.2. LAB MEDIA: Figure 3 B-G. Video Editor: Please emphasize images B and E
6.6.3. LAB MEDIA: Figure 3 B-G. Video Editor: Please emphasize images C and F
6.6.4. LAB MEDIA: Figure 3 B-G. Video Editor: Please emphasize images D and G

6.7. Additionally [1], the stroma and collagen fibers [2] can also be classified into local regions of the aligned fibers [3].
6.7.1. LAB MEDIA: Figure 3 H, J, K.
6.7.2. LAB MEDIA: Figure 3 H, J, K. Video Editor: Please emphasize image H
6.7.3. LAB MEDIA: Figure 3 H, J, K. Video Editor: Please emphasize image J and K





Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Erica Hoffmann: (3.2-3.6) The most important thing to remember in this protocol is to make sure the mouse is properly sedated and restrained so that the field of view remains stable for imaging. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2.  : Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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