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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? CFA immunization (2.7.-2.8.) and ear preparation for imaging (3.6.-3.9., 3.11.-3.14.) 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? taping the ear to the microscope slide (steps 3.6-3.7) we ensure success by going slowly and repeating the taping procedure if the ear is not properly positioned.

E.  Will the filming need to take place in multiple locations? Y, same building different rooms
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 imaging protocol is to visualize CD4+ T cell dynamics in the inflamed skin (Intro).
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Deborah Fowell: This method can help answer key questions in the field of immunology, such as what are the mechanisms that underlie immune cell motility and function in inflamed tissues? 

1.2. Deborah Fowell: The main advantage of this technique is that it provides a minimally invasive way to study CD4+ T cell dynamic behavior in situ.   

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

1.3. Alison Gaylo: Visual demonstration of this method is critical, as the steps to prepare the ear for imaging are difficult to learn and proper positioning is necessary for capturing high-quality images.   

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)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Rochester Medical Center.
Protocol (read by voice talent at JoVE):
2. Effector T cell injection
2.1. Begin by aspirating 300 microliters of fluorescently-labeled, effector T cell suspension per mouse into a syringe equipped with a 27 G1/2 needle [2.1.1.-WIDE-TXT].
2.1.1. Few seconds Talent aspirating cells into syringe (TEXT: See text for cell preparation/labeling details)

2.2. Then turn the syringe needle-side up [2.2.1.-CU] and gently flick the shaft of the syringe [2.2.2.-CU], moving the plunger up and down as necessary, to remove any bubbles [2.2.3.-CU].

2.2.1. Syringe being turned needle side up (Videographer: Combine 2.2.1. and/or 2.2.2. and/or 2.2.3. as appropriate)

2.2.2. Shaft being flicked (Videographer: Combine 2.2.1. and/or 2.2.2. and/or 2.2.3. as appropriate)

2.2.3. Plunger being moved up and down (Videographer: Combine 2.2.1. and/or 2.2.2. and/or 2.2.3. as appropriate)

2.3. When the cells are ready, transfer the mice into a clean cage [2.3.1.-MED] and place them under a heat lamp until the tail veins are vasodilated [2.3.2.-MED/WIDE].

2.3.1. Talent placing at least one mouse into clean cage

2.3.2. Talent placing cage of mice under heat lamp (Multiple takes; shot will be used again) (Video Editor: please used MED for this step)
2.4. Then transfer the first mouse into the restrainer [2.4.1.-CU] and wipe the tail with an alcohol swab [2.4.2.-CU].

2.4.1. Just few seconds shot of tail/end of mouse being gently pulled/settled into position (Videographer: Do not show mouse squirming inside of strainer as animal is being positioned)

2.4.2. Few seconds tail being wiped

2.5. After identifying a lateral tail vein [2.5.1.-CU], slowly inject 200 microliters of cells into the vein [2.5.2.-CU-TXT].

2.5.1. Shot of mouse tail with visible lateral tail vein (Videographer: If possible, appropriate, please indicate tail vein AND combine 2.5.1. and 2.5.2. as appropriate)
2.5.2. Few seconds vein being injected (Videographer: Combine 2.5.1. and 2.5.2. as appropriate) (TEXT: (TEXT: Anesthesia: 2,2,2-tribromoethanol 240 mg/kg ip immediately after cell transfer)

2.6. When all of the cells have been transferred, draw 50 microliters of Complete Freund’s Adjuvant emulsion into a 28 G1/2 insulin syringe [2.6.1.-CU-TXT] and press down firmly on the plunger to remove any large air bubbles [2.6.2.-CU].
2.6.1. Few seconds CFA being drawn into syringe, with syringe container label visible in frame (TEXT: See text for all media/reagent preparation details)

2.6.2. Plunger being depresses/bubbles being removed

2.7. Then place a thimble on the left index finger [2.7.1.-MED] and carefully grasp the mouse’s ear between the left thumb and thimble with the ventral ear facing up [2.7.2.-CU-TXT].

2.7.1. Talent putting on thimble 

2.7.2. Mouse ear being grasped (TEXT: Caution: Do not exert excessive pressure/damage ear). 
2.8. Now slide the needle, bevel side up, into the dermis in the outer third of the pinna and slightly off-center [2.8.1.-CU] and slowly inject 10 microliters of emulsion into the tissue [2.8.2.-CU].
2.8.1. Few seconds needle being inserted (Videographer: Combine 2.8.1. and 2.8.2. as appropriate)

2.8.2. Few seconds CFA being injected (Videographer: Combine 2.8.1. and 2.8.2. as appropriate)

2.9. After injecting all of the animals, monitor the mice until they are fully recovered [2.9.1.-CU].

2.9.1. Few seconds recovered mice moving around in cage

3. Mouse imaging preparation
3.1. Three days following the immunization, vasodilate the tail veins of the injected animals as just demonstrated [3.1.1.-WIDE-TXT] and then immobilize the base of the tail of the first mouse with a pair of forceps [3.1.2.-CU].
3.1.1. Use 2.3.2. Talent placing cage under heat lamp (TEXT: Anesthesia: isoflurane 5% induction, 2% maintenance)
3.1.2. Tail being gripped with forceps
3.2. Wipe the tail with an alcohol swab [3.2.1.-CU]. Then carefully slide a 30 G1/2 needle catheter into a lateral tail vein [3.2.2.-CU], checking for patency by gentle pressure to the syringe plunger [3.2.3.-CU].

3.2.1. Few seconds tail being wiped

3.2.2. Few seconds needle being placed

3.2.3. Few seconds syringe plunger being depressed

3.3. When the catheter is in place, apply 1-2 drops of cyanoacrylate tissue adhesive to the injection site [3.3.1.-CU] and allow the adhesive to dry for approximately 30 seconds [3.3.2.-CU].
3.3.1. Few drops of glue being applied

3.3.2. Timer being set to 30 s

3.4. Then use scissors to carefully trim the whiskers [3.4.1.-CU] and the hair from the back and sides of the ear [3.4.2.-CU-TXT].

3.4.1. Few seconds whiskers being trimmed

3.4.2. Few seconds ear hair being trimmed (TEXT: Caution: Do not damage skin)
3.5. Next use a cotton swab to moisten the inner surface of the ear with PBS [3.5.1.-CU].
3.5.1. Few seconds ear being wet with PBS 
3.6. Then rotate the mouse [3.6.1.-MED] and flatten the injected ear onto a 24 x 50 mm number 1.5 glass cover slip until it is flush with the glass [3.6.2.-CU-TXT].

3.6.1. Talent rotating mouse (Videographer: More Talent than mouse in shot)

3.6.2. Ear being flattened until it is flush with glass

3.6.3. (TEXT: Caution: Do not exert too much pressure on ear/damage skin) 
3.7. Blot away the excess PBS [3.7.1.-CU].

3.7.1. Few seconds PBS being blotted

3.8. Then use two pairs of curved forceps to grasp an approximately 20 mm long piece of fabric tape lengthwise at the top corners [3.8.1.-CU] and place the bottom of the tape onto the coverslip at the top of the mouse’s ear [3.8.2.-CU].

3.8.1. Few seconds tape being picked up

3.8.2. Few seconds tape being placed

3.9. Roll the tape over the rest of the ear [3.9.1.-CU], pushing the excess hair out of the way with the forceps as necessary [3.9.2.-CU], and use a dry cotton swab to gently press the tape around the ear to ensure a tight seal, taking care not to press on the ear itself [3.9.3.-CU].

3.9.1. Few seconds tape being rolled over ear (Videographer: Combine 3.9.1. and 3.9.2. as appropriate)

3.9.2. Hair being pushed out of way with forceps (Videographer: Combine 3.9.1. and 3.9.2. as appropriate)

3.9.3. Few seconds tape being pressed around ear

3.10. Alison Gaylo “It is essential that the ear is taped properly to the coverslip with a good seal on both sides and with minimal air bubbles, as this will affect the quality of the images that can be obtained.” [3.10.1.-MED-interview style]
3.10.1. Alison Gaylo, speaking the above, interview style (looking just off camera)
3.11. Now tape a fluorescent microscope imaging platform to a 37°C heating block [3.11.1.-MED] and apply vacuum grease to both sides of the ear area of the platform [3.11.2.-CU].

3.11.1. Few seconds Talent taping platform to heating block

3.11.2. Few seconds grease being applied to second area of imaging platform with grease on first side visible
3.12. Rotate the mouse to place the coverslip onto the platform, taking care to align the ear in the center of the felt [3.12.1.-CU-TXT]. 
3.12.1. Few seconds ear being placed (TEXT: Caution: Grease will detach tape)
3.13. When the ear is in place, snap the isoflurane nosecone into the holder on the platform, ensuring that the cone is secure and completely covering the mouse’s nose [3.13.1.-CU].

3.13.1. Few seconds nosecone being placed into position

3.14. Then use a cotton swab to firmly but carefully press the coverslip onto the imaging platform, spreading the vacuum grease under the coverslip [3.14.1.-CU], and wrap two 20 mm pieces [3.14.2.-CU] and two longer pieces of tape around the upper portion of the platform to affix the coverslip to the platform [3.14.3.-CU-TXT]. 
3.14.1. Few seconds coverslip being pressed with cotton swab
3.14.2. At least one 20 mm pieces being placed

3.14.3. At least one longer piece of tape being placed (TEXT: Remove bubbles w/ gentle pressure on underside of ear w/ folded paper)
3.15. Next, move the mouse to the microscope stage [3.15.1.-MED], secure the platform with more tape [3.15.2.-CU], and pipe a double layer of vacuum grease onto the coverslip around the ear [3.15.3.-CU].

3.15.1. Talent placing mouse into stage

3.15.2. Few seconds platform being taped

3.15.3. Second layer of grease being applied to coverslip

3.16. Then wrap a water-filled heating blanket around the mouse [3.16.1.-CU] and fill the vacuum grease reservoir with 37°C distilled water [3.16.2.-CU].
3.16.1. Few seconds mouse being wrapped with blanket

3.16.2. Few seconds reservoir being filled with water 

4. In vivo time-lapse imaging and intravenous antibody administration
4.1. For in vivo time lapse imaging, begin by positioning the objective over the center of the ear [4.1.1.-WIDE] and lower the objective until it just contacts the surface of the water in the reservoir [4.1.2.-CU].
4.1.1. Few seconds Talent positioning objective

4.1.2. Few seconds objective being lowered to surface of water 
4.2. Next, using an external light source, slowly lower the objective until the surface of the ear comes into focus [4.2.1.-SCREEN/MED].
4.2.1.  *To be provided by Authors OR Talent at microscope, looking in objective while lowering objective
4.3. Then lower the inner and outer curtains around the microscope stage [4.3.1.-CU] and adjust the laser wavelength to 900 nm in the MP Laser Controller window [4.3.2.-SCREEN], the laser power in the Acquisition Setting: Laser window [4.3.3.-SCREEN], and the PMT voltages in the Image Acquisition Control window [4.3.4.-SCREEN].
4.3.1. At least one curtain being lowered

4.3.2.  *To be provided by Authors
4.3.3. *To be provided by Authors

4.3.4. *To be provided by Authors

4.4. In the Acquisition Setting: Size and Mode windows, set the microscope to a 512 x 512 pixel resolution with a 2 microsecond/pixel dwell time [4.4.1.-SCREEN] and select “XY repeat” to activate a live imaging mode for scanning through the tissue [4.4.2.-SCREEN].
4.4.1. *To be provided by Authors

4.4.2. *To be provided by Authors
4.5. Once an appropriate imaging field has been located [4.5.1.-SCREEN-TXT], locate the “highest” cell in the dermis [4.5.2.-SCREEN] and click the “Set 0” button to set the Z-position to 0 [4.5.3.-SCREEN].

4.5.1. *To be provided by Authors (TEXT: Select uniform area w/o air bubbles/dense hair follicles)

4.5.2. *To be provided by Authors
4.5.3. *To be provided by Authors
4.6. Scroll down in the Z direction to measure the extent of the cell depth [4.6.1.-SCREEN-TXT]. 
4.6.1. *To be provided by Authors (TEXT: Typical depth: 35-75 microns)

4.7. Then set the starting and end positions in the Acquisition Setting: Microscope window [4.7.1.-SCREEN] and adjust the instrument PMT voltages and laser power in the “bright Z” window to optimize the visualization of the cells throughout the depth of the imaging field [4.7.2.-SCREEN].
4.7.1. *To be provided by Authors
4.7.2. *To be provided by Authors 
4.8. Check the “Depth” and “Time” buttons [4.8.1.-SCREEN] and set a Kalman filter to scan the image 3 times per line in the Image Acquisition Control: Filter Mode window [4.8.2.-SCREEN].

4.8.1. *To be provided by Authors
4.8.2. *To be provided by Authors
4.9. Adjust the Z-slice depth in the Image Acquisition: Microscope window so that it takes approximately 1 minute to capture a complete stack, as noted in the TimeView window [4.9.1.-SCREEN].
4.9.1. *To be provided by Authors
4.10.  Then, to assess the stability of the tissue, set the number of repeats to “5” in the Acquisition Setting: TimeScan window [4.10.1.-SCREEN] and click the “Scan” button to capture a 5-minute time-lapse image of the area [4.10.2.-SCREEN].

4.10.1. *To be provided by Authors
4.10.2. *To be provided by Authors
4.11. If the tissue is stable after 5 minutes, set the number of repeats to between 30 and 45 in the Acquisition Setting: TimeScan window [4.11.1.-SCREEN] and collect a 30-45 minute time-lapse image, monitoring for any minor tissue drift as the image is collected [4.11.2.-SCREEN].
4.11.1. *To be provided by Authors
4.11.2. *To be provided by Authors
4.12. Save the pre-antibody image in the appropriate format [4.12.1.-SCREEN] and then draw the antibody mixture into a 1 ml tuberculin syringe [4.12.2.-CU], taking care to remove all of the air bubbles [4.12.3.-CU].

4.12.1. *To be provided by Authors
4.12.2. Few seconds antibody mixture being aspirated, with antibody container label visible in frame

4.12.3. Few seconds bubbles being removed (e.g. shaft being flicked or similar)

4.13. Gently press the plunger so that the antibody solution forms a droplet at the end of the needle [4.13.1.-CU] and lift the curtains around the stage to locate the catheter [4.13.2.-CU].

4.13.1. Droplet being formed at end of needle

4.13.2. Inner curtain being lifted so that catheter becomes visible

4.14. Replace the PBS syringe with the syringe of antibody [4.14.1.-CU] and then slowly inject the antibodies into the catheter [4.14.2.-CU-TXT].
4.14.1. Few seconds antibody syringe being attached

4.14.2. Few seconds antibodies being injected (TEXT: Stop if resistance)

4.15. When the antibodies have been successfully injected, re-lower the curtains [4.15.1.-MED] and note the time of injection [4.15.2.-MED].
4.15.1. Talent closing at least one curtain

4.15.2. Talent looking at watch and writing down time OR Talent looking at clock OR similar appropriate time recording shot

4.16. Then immediately start collecting a new 20-40 minute imaging sequence in the same location using the same instrument settings as the pre-antibody image [4.16.1.-MED-over the shoulder].
4.16.1. Few seconds Talent at computer, starting imaging sequence, with monitor visible in frame
4.17. Finally, save the post-antibody image file in the appropriate format [4.17.1.-SCREEN] and carefully remove the mouse from the microscope stage, monitoring the animal until it is fully recovered [4.17.2.-MED-TXT].
4.17.1. *To be provided by Authors

4.17.2. Few seconds Talent removing mouse from stage (Videographer: More Talent than mouse in shot) (TEXT: Repeat for all animals)

5. Results: Representative in situ adoptively transferred effector T cell imaging
5.1. Imaging of the intact ear dermis by this protocol facilitates the acquisition of high-resolution [5.1.1.-LM] and time-lapse images of effector T cell dynamics in the inflamed dermis [5.1.2.-LM].

5.1.1. Fig 1C.tif: please add/flash/indicate white arrowhead
5.1.2. Fig 1D.tif: if possible, wiggle (or similar)/flash/add/indicate data lines
5.2. In this movie, the green, adoptively-transferred effector T cells can be observed moving throughout the dermal tissue [5.2.1.-LM]. 

5.2.1. Gaylo Movie 2.mov: please show 00:00-00:03, if possible please identify 1-2 motile cells that become arrested in 5.3.1.
5.3. After the administration of anti-beta 1 and anti-beta three integrin blocking antibodies through the catheter, however, the previously motile cells arrest within the dermis [5.3.1.-LM].
5.3.1. Gaylo Movie2.mov: please show 00:06-00:08, if possible please identify 1-2 cells that were motile in 5.2.1. that have become arrested
5.4. The cells exhibit a decreased average velocity after antibody administration [5.4.1.-LM], as well as a significant decrease in their meandering index, that is, the ratio of the total displacement to the total track length [5.4.2.-LM].
5.4.1. Fig 3A.tif: please add/indicate Abs data points
5.4.2. Fig 3B.tif: please add/indicate Abs data points
5.5. Autofluorescence from hair follicles [5.5.1.-LM], shadowing and autofluorescence from overlying hair [5.5.2.-LM], and air bubbles trapped between the ear surface and the coverslip [5.5.3.-LM] can all lead to imaging artifacts, which obscure the visualization of the T cells and interfere with the automated image analysis software [5.5.4.-LM].

5.5.1. Fig 4A.tif: please indicate some/at least one green staining
5.5.2. Fig 4B.tif: please indicate some/at least one green staining
5.5.3. Fig 4C.tif: please add/indicate dotted lines/areas between dotted lines
5.5.4. Gaylo Fig 5.pdf OR Fig 4C.tif: no animation
5.6. In addition, using multiple sources of heat can cause tissue stability issues, leading to large oscillations during imaging that make interpreting the results difficult [5.6.1.-LM].
5.6.1. Gaylo Movie 3.mov
6. Conclusion (said by authors on camera)
6.1. Alison Gaylo:  Once mastered, imaging the CD4+ T cells in the dermis can be completed in 2-3 hours if it the procedure has been performed correctly.

6.2. Alison Gaylo: While attempting this procedure, it’s important to remember to follow the appropriate animal use guidelines for working with mice.

6.3. Alison Gaylo: This procedure can be adapted for visualizing other T cell subsets or immune cells in the ear for different cutaneous infection models or other methods of inducing inflammation.

6.4. Deborah Fowell: After its development, intravital imaging paved the way for researchers in the field of immunology to explore the dynamics of ongoing immune responses in living animals.
6.5. Deborah Fowell:  After watching this video, you should have a good understanding of how to induce inflammation in the mouse ear dermis and how to use intravital imaging to capture time-lapse images of CD4+ T cell activity before and after antibody administration.  

6.6. Deborah Fowell: Don't forget that working with a multiphoton laser can be extremely hazardous and that precautions, such as using the proper shielding, should always be taken while performing this procedure.
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.  

Fig 1C.tif
Fig 1D.tif

Fig 3A.tif
Fig 3B.tif

Fig 4A.tif
Fig 4B.tif

Fig 4C.tif
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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