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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) _Yes, an Olympus FV1000.  The microscope’s field of view IS shown on a computer from which THE AUTHORS CAN record screen captures.
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? Yes.


(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? These steps have all been italicized.
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is the mouse technique such as submandibular bleeding and retro-orbital injections. Successful submandibular bleeding is indispensable for efficient mouse screening. The retro-orbital injections determine the success of in vivo labeling. We have extensive experience in the mouse technique and we are pretty confident to do it in this procedure. We will also make some practice using a few mice beforehand to ensure success for the filming.  
E.
Will the filming need to take place in multiple locations? The filming will take place in three or four rooms, 50-100 feet away from each other, locating on the same floor in the same building.
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to present a technology for monitoring the process of neutrophil priming in living animals. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Akira Takashima Yi Yao : This method can help answer key questions in the immunology field, such as visualization of the behavior and function of primed neutrophils in animal models of various diseases and disorders.
1.2. Yi Yao Yun Liu: The main advantage of this technique is that it combines three established methodologies including fluorescent reporters, in vivo labeling, and intravital imaging.
1.3. Yun Liu: Though this method can provide insight into the priming process of neutrophils in skin inflammatory lesions, it can also be applied to other deep organs such as the brain or lungs.
E.  Ethics title card
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Toledo.

Protocol (read by voice talent at JoVE):
2. Phenotyping pIL1-DsRed Mice
2.1. Breed heterozygous pIL1-DsRed (Pronounce P-I-L-ONE-D-S-RED) mice with wild-type C57-black-6 mice. [WID]
2.1.1. Establish talent arriving to bench with cage of pups
2.2. At three to four weeks, phenotype their pups. [CU]
2.2.1. Detail of 3-4 week old pups in cage

2.3. For each pup, prepare a 1.5 mL tube with 20 µL of heparin. [MED]
2.3.1. Loading several tubes with heparin aliquots
2.4. To collect blood, hold a pup by its neck scruff [1.ECU] and pierce the submandibular vein in the cheek pouch using a 5-mm lancet. [2.ECU] Only a small puncture is needed.  Collect three to five drops of blood per tube.  [3.CU]
2.4.1. [2.4.1-2.5.1  combined] Gripping pup to take blood

2.4.2. Puncturing cheek pouch vein

2.4.3. Collecting drops of blood in tube

2.5. After making the collection, be sure to stop the bleeding [1.ECU] and observe the animals for 30 minutes before returning them to the animal facility. [2.MED]
2.5.1. Stopping bleeding, show technique

2.5.2. Returning tested mouse to cage and selecting next mouse to test, then proceeding with taking blood sample
2.6. To each sample tube, add 500 µL of red blood cell lysing buffer. [MED]
2.6.1. Adding lysing buffer to sample tubes

2.7. Then, vortex the tubes and incubate them for 5 to 10 minutes on ice. [MED]
2.7.1. Touching tube to vortex and then jamming into ice in bucket, repeating with next tube

2.8. After the incubation, slowly add 400 to 500 µL of fetal bovine serum [1.MED] under the cell suspensions in each tube.  A clear interface should form between the layers. [2.ECU]
2.8.1. Taking aliquot of FBS from labeled stock flask tube
2.8.2. Poking pipette into tube and slowly ejecting aliquot, interface visible between layers

2.9. Next, centrifuge the samples at 1,500 G's for 5 minutes to collect cell pellets. [MED]
2.9.1. Loading the centrifuge, programming and starting cycle

2.10. Discard the supernatant and re-suspend the cells [1.MED] in 200 µL of complete RPMI 1640 medium. [2.MED]
2.10.1. Removing tube from centrifuge, removing supernatant from tube and setting tube on rack, repeating for next tube from centrifuge

2.10.2. Adding RPMI to tubes on rack,

2.11. Then, transfer each suspension to a flow cytometry tube [1.MED] and add 20 µL of freshly-made LPS working solution to each tube.  [2.MED/TEXT] Incubate the samples for four hours before performing flow cytometry. [3.WID/TEXT]
2.11.1. Transferring solutions in 1.5 mL tubes to cytometry tubes

2.11.2. Adding LPS aliquots to cytometry tubes, TEXT: LPS working solution at 10 µg  / mL 

2.11.3. Taking tubes to an incubator and loading them in, TEXT: 5% CO2, 37 ºC, 4 hr
3. Skin Inflammation Test
3.1. To begin, anesthetize the mouse with an intraperitoneal injection of an anesthetic cocktail [1.WID/TEXT] and confirm adequate sedation with a toe pinch test.  [2.CU]
3.1.1. Preparing the syringe loaded with anesthetics, TEXT: 100 mg ket. + 10 mg xyl. + 1 mg acepro. / kg
3.1.2. Toe-pinch test, no response
3.2. Next, apply hair-removal cream to the dorsal surface of both ears, [1.CU] wipe it off within a minute and wash the skin with water. [2.CU]
3.2.1. Applying cream to ears

3.2.2. Wiping/washing off cream from ears

3.3. Measure the thickness of the ear where the applications were made using a micrometer. [1.ECU] 
3.3.1. Taking an ear-thickness measurement, show units on micrometer
3.4. Later, return the mouse in its own cage after it has recovered from the anesthesia [1.MED] and allow the mouse to rest for at least 3 days before further testing. [2.WID]
3.4.1. Moving mouse from temporary recovery cage to home cage
3.4.2. Taking home cage out of lab
3.5. After three days, re-anesthetize the mouse [1.3.2] and measure the ear thickness again to make sure it is not irritated.  [1.ECU]

3.5.1. Like 3.3.1

3.6. Then, apply 12.5 µL of 1.25% Oxazolone (pronounce “ox-SAL-zolon”) onto each side of the right ear [1.ECU] and apply 12.5 µL of the acetone/olive oil vehicle solution onto each side of the left ear. [2.ECU]
3.6.1. Applying OX to right ear, both sides
3.6.2. Applying vehicle solution to left ear, both sides
3.7. As always, observe the mouse recover from the anesthesia. [1.MED]
3.7.1. Watching animal recover and then moving it back to its home cage

3.8. 24 hours later measure the thickness of the ear again, under anesthesia, [3.1.1] to ensure that Oxazolone-induced skin inflammation has occurred. [1.ECU]
3.8.1. measuring thickness of inflamed ear, shot like 3.3.1
4. Labeling Neutrophils

4.1. To begin, transfer 100 µL of anti-Ly6G monoclonal antibody [1.WID/TEXT] into a U-100 insulin syringe with a 28 gauge needle. [2.MED/TEXT]
4.1.1. Preparing to load syringe, arriving to bench with mAb solution, TEXT: 50 µg / mL
4.1.2. Loading syringe with mAb and attaching needle, TEXT: 50 µg / mL

4.2. Next, anesthetize a treated mouse as previously described. [3.1.1] 

Use one shoot from 3.1.1
4.3. With the mouse abdomen down [1.MED] apply gentle downward pressure to the skin dorsal and ventral to an eye to partially protrude the eyeball. [2.ECU]
4.3.1. Positioning mouse abdomen down

4.3.2. Show protrusion of eye as mouse is pressed

4.4. Then, carefully place the needle, bevel down, approximately 30° to the medial canthus [1.ECU] and carefully insert the needle into the retro-orbital sinus. The penetration pressure will be relieved when the needle enters the sinus. Then, eject the content and remove the needle quickly.   [2.ECU]

4.4.1. Positioning the needle 

4.4.2. and inserting it into the sinus, ejecting content, and retracting

4.5. A small amount of bleeding suggests a successful injection. [1.ECU]

4.5.1. Small bleeding where needle penetrated

4.6. Now, immediately apply 1.25% Oxazolone and vehicle solution onto the right and left mouse ears, as before. [CU]
4.6.1. Adding OX solution to right ear and adding vehicle solution to left ear Use one shoot from 3.6.1 and 3.6.2
4.7. Eight hours later, administer a second dose [4.1.1/TEXT] of the same antibody into each mouse. [4.1.2/TEXT]
TEXT: 5 µg mAb / mouse / injection 
4.8. Also, to visualize the blood vessels, retro-orbitally administer 100 µL of Fit-C-dextran. [MED/TEXT]
4.8.1.  Loading the syringe with FITC-dextran and injecting retro-orbital, TEXT: 100 µL of 30 mg / mL, 150 kDa FITC-dextran
5. Intravital Imaging of Neutrophil Priming in pIL-1-DsRed Mice
5.1. For this procedure, first anesthetize the mouse, as before. [3.1.1]
Use one shoot from 3.1.1
5.2. Then, apply veterinary ointment to the eyes to prevent dryness during imaging. [CU]
5.2.1. Applying vet ointment to the eyes
5.3. Next, place a glass coverslip at the center of an imaging stage [1.CU] and secure the edges of the coverslip with tape.  Also, add a drop of PBS to the coverslip. [2.ECU]
5.3.1. taking coverslip from box and setting on stage

5.3.2. taping down coverslip and adding drop of PBS
MOVE STEP 5.5.1 ABOVE 5.4.1
5.4. Now, position the mouse's ear over the coverslip, dorsal side down.  [1.CU]  Next, moisten the ventral surface of the mouse ear with a drop of PBS. [ECU]
5.5.1 [moved] Positioning mouse so ear is over coverslip
5.4.1. Adding drop of PBS to ear and spreading around or letting it soak in
5.5. Then, mount the tip of the ear with a glass slide on top and secure the slide with tape. [2.ECU]
5.5.1. [moved] Positioning mouse so ear is over coverslip

5.5.2. Placing slide on coverslip to sandwich ear and taping down slide

5.6. Now, turn on a multi-laser fluorescence confocal microscope and the related equipment.  [WID]
5.6.1. Turning on equipment

5.7. Turn off room lights to minimize ambient light exposure. [WID]
5.7.1. Dimming/extinguishing ambient lights

5.8. Then, record three dimensional images using the confocal microscope. [1.MED] For time-lapse imaging experiments, record three-dimensional images every two to four minutes, for up to 8 hours. [2.WID]
5.8.1. Talent working with computer, setting up imaging and taking images

5.8.2. Talent working with computer and monitoring the mouse at the same time, as would be done in a time-lapse experiment, ask talent to be animated as there’s nothing specific to show here

5.9. All the while, watch for twitching whiskers, [1.CU] which indicates that the mouse is beginning to recover from the anesthesia.  [2.ECU] In such situations, administer 5 to 10 µL of a half-dose of anesthetic cocktail via a butterfly needle. [3.MED]
5.9.1. Mouse in imaging preparation
5.9.2. Whiskers of mouse twitching (or not) while in imaging preparation
5.9.3. Preparing and administering a half-dose of anesthetics using butterfly needle
6. Results: Neutrophil Priming Dynamics 
6.1. pIL1-DsRed mice were screened for phenotypic DsRed fluorescence produced in peripheral blood leukocytes via flow cytometry.

6.1.1. –LAB MEDIA: 54070_YI YAO_Figure 1A.tif 
6.2. Circulating myeloid cells from wild type mice minimally express DsRed, while the same cells from pIL1-DsRed mice express distinguishable DsRed signals. IL-1β promoter activation is a marker of neutrophil priming and can be thus visualized in living pIL1-DsRed mice.  
6.2.1. –LAB MEDIA: 54070_YI YAO_Figure 1B.tif
6.3. Next, a skin sensitizer, Oxazolone, was topically applied to the right ear.  Later, the neutrophils were labeled before and after a second application of the Oxazolone sensitizer via retro-orbital injection. Likewise, FITC-dextran was injected to locate blood vessels.
6.3.1. –LAB MEDIA: 54070_YI YAO_Supplemental Movie 1.mov, TEXT: 40 minute time-lapse

6.4. Many double-labeled cells were found in the extravascular space, which represent primed neutrophils.

6.4.1. LAB MEDIA: 54070_YI YAO_Figure 2A.tif – point out primed neutrophils

6.5. A small number of cells were only labeled by the Ly6G antibody, which were probably resting neutrophils. 

6.5.1. LAB MEDIA: 54070_YI YAO_Figure 2A.tif – point out resting neutrophils

6.6. Moreover, a small population of DsRed positive cells were observed, which may comprise inflammatory monocytes and activated macrophage.

6.6.1. LAB MEDIA: 54070_YI YAO_Figure 2A.tif – point out resting neutrophils

6.7. Cell migratory paths were tracked to compare the two neutrophil populations.

6.7.1. LAB MEDIA: 54070_YI YAO_Figure 2B.tif 
6.8. Both neutrophil populations showed a “random” migration once the extracellular space had been entered.

6.8.1. LAB MEDIA: 54070_YI YAO_Figure 2C.tif 
6.9. Interestingly, the putatively primed neutrophils exhibited a significantly higher velocity compared with their putatively resting counterparts.

6.9.1. LAB MEDIA: 54070_YI YAO_Figure 2D.tif 
7. Conclusion (said by authors on camera)
7.1. Yi Yao Yun Liu: After watching this video, you should have a good understanding of how to monitor the dynamic process of neutrophil priming in living animals.
7.2. Yun Liu: While attempting this procedure, it’s important to remember to keep the mouse sedated constantly during imaging while avoiding an overdose of anesthetic.
7.3. Akira Takashima Yi Yao: After its development, this technique paved the way for researchers in the field of immunology to explore the behavior and function of many immune cells in various inflammatory states unfolding in different tissues.
Provided Media

Please add screen capture files to this list once they are generated.

6.1 – 54070_YI YAO_Figure 1A.tif – flow cytometry gating for peripheral blood leukocytes
6.2 – 54070_YI YAO_Figure 1B.tif – flow cytometry gating for DsRed positive cells

6.3 – 54070_YI YAO_Supplemental Movie 1.mov – time-lapse video at 24 hr post-OX painting at 40X

6.4-6.6 – 54070_YI YAO_Figure 2A.tif – triple color image of primed neutrophils in inflamed skin at 40X
6.7 – 54070_YI YAO_Figure 2B.tif – neutrophil migratory paths

6.8 – 54070_YI YAO_Figure 2C.tif – neutrophil track plots
6.9 – 54070_YI YAO_Figure 2D.tif – neutrophil velocity

6.10 – 54070_YI YAO_Supplemental Movie 2.mov – time-lapse video at 4 hr post-OX painting at 20X
6.11 – 54070_YI YAO_Supplemental Movie 3.mov – time-lapse video at 8 hr post-OX painting at 20X

6.12 – 54070_YI YAO_Supplemental Movie 4.mov – time-lapse video 11-19 hr post-OX painting at 10X

6.13 – 54070_YI YAO_Supplemental Movie 5.mov – time-lapse video of DsRed signal acquisition at 10X

The crossed out files could not be fit given the length limits of the results section.
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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