
​Submission ID #: 52607

Editor: Steven Nilsen

Videographer: Bruno Behnam 

Film Date: November 28, 2014
Authors and Affiliations: 
Felix Heymann #1, Patricia M. Niemietz #1, Julia Peusquens 1, Can Ergen 1, Marlene S. Kohlhepp 1, Jana C. Mossanen 1, Carlo Schneider 1, Michael Vogt 2, Rene H. Tolba 3, Christian Trautwein 1, Christian Martin 4 and Frank Tacke 1
1. Department of Medicine III

2. IZKF Aachen Core Facility “Two-Photon Imaging”

3. Institute for Laboratory Animal Science & Experimental Surgery

4. Institute for Pharmacology

RWTH University-Hospital Aachen

Aachen, Germany

# These authors contributed equally to this article.

Corresponding Author:
Frank Tacke: frank.tacke@gmx.net 

Felix Heymann: fheymann@ukaachen.de
Title: Long Term Intravital Multiphoton Microscopy Imaging of Immune Cells in Healthy and Diseased Liver Using CXCR6.Gfp Reporter Mice
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes  
C.  Which steps of your protocol will viewers benefit most from having filmed?  2.3-2.7 (Tracheotomy) ; 3.2-3.3 (Laparatomy) ; 4.2-4.4 (Liver staging) ; 6.1+6.3 (Liver embedding)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.3. The liver tissue is extremely fragile, extra caution is the only measure to keep the tissue as intact as possible.
E.  Will the filming need to take place in multiple locations? (Y/N) No
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of the following experiment is to follow the migration and interaction of leukocytes in progressing liver inflammatory disease to better understand the sequence of events underlying how these cells are recruited into the liver tissue and their potential involvement in the immunopathology.  (Intro) This is achieved by first performing a tracheotomy to gain control over the respiration of the mouse, a crucial step to ensure long term survival of the animal. (P1)  As a second step, the mouse is laparatomized to surgically expose the liver, giving access to the organ with the multiphoton microscope. (P2)  Next, the liver is fixed in position by embedding it in agarose to minimize movement artifacts. (P3)  Imaging can be performed over several hours, leading to high resolution time-lapse sequences that follow the changes in recruitment, positioning, and interaction of individual leukocytes in the process of developing liver inflammation. (P4)
Video editor:
This requires a sort of connect-the-dots animation.

P1 – animate the top row of graphic.

P2 – middle row of graphic.

P3 – bottom row of graphic.

P4 – show CXCR6 het baseline tracks.mp4
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Frank Tacke: This method can help answer key questions in the field of acute and chronic liver inflammation, such as leukocyte recruitment, interaction between different immune cell subtypes and the involvement of leukocytes in liver immunopathology.  

1.2. Christian Martin: The main advantage of this technique compared to conventional microscopy is, that multiphoton imaging allows long-term imaging without virtually no sample perturbation, photo bleaching or photo-toxicity as well as creating optical slices up to 100µm deep into the tissue due to the unique physics using far-red laser light. 

1.3. Felix Heymann: Though this method can provide insight into liver disease, it can also easily be adapted to other systems, since the tissue fixation and mouse stabilization can be applied to virtually all long-term intravital microscopy, imaging other organs like spleen, kidney or even subdermal tumors.

1.4. Jana Mossanen: The CXCR6 GFP mice allow us to follow the migration of distinct lymphocyte subsets, mainly NKT and T cells in liver. However, using appropriate fluorescently labeled cells it is also possible to visualize virtually all leukocyte subsets and even cellular interactions in liver inflammation. 

1.5. Julia Peusquens: Generally, individuals new to this method will struggle because of the complexity regarding small animal surgery, however due to our own experience this is usually only a limiting factor for a couple of weeks and just requires some hands-on routine. 

1.6. Can Ergen: Visual demonstration of this method is critical as the liver preparation steps are difficult to learn, because of the extreme fragility of the tissue.    
Protocol (read by voice talent at JoVE):
2. Tracheotomy
2.1. After setting up the anesthetics, fill the mouse agarose stage with 3% agarose, pouring it in at a 40 degree angle.

2.1.1. WID: establishing shot with talent preparing for next step

2.1.2. MED: NC (no comment) – in the case of NC simply film what is described in the narrative.

2.2. Then, make certain that the surgical work area is fully disinfected, as are all the required instruments and so forth.  Use 70% ethanol.

2.2.1. MED: washing work area with 70% ethanol

2.2.2. CU: washing tools

2.3. Then anesthetize the mouse with an intraperitoneal injection of an anesthetic cocktail. (TEXT: 250 µL of 0.1 mg Ket + 1 mg Xyz +10 µg Bup / ml) 

2.3.1. MED: loading syringe and injecting mouse

2.4. Five minutes later, check the animals reflexes and then disinfect the skin and apply ophthalmic ointment to the eyes.

2.4.1. CU: testing reflexes,adding ointment to eye 

2.5. Now, secure the mouse to the preparation table using tape.  Position it to expose the ventral side, gently overstretching the neck.  A rubber band hooked to the incisors can accomplish this.

2.5.1. ECU : using rubber band on teeth 

2.5.2. CU: detail of posiitoning and

2.5.3. MED: securing mouse

2.5.4. Skin disinfection

2.6. Now, perform the initial incision below the chin, about 0.5 to 1 cm long.  

2.6.1. ECU: NC

2.7. Then, carefully dissect the connective tissue between the salivary glands and find the muscular tube surrounding the trachea.  Gently tear the muscle to expose the trachea. Pull a thread under the trachea.

2.7.1. ECU: make sure muscular tube is seen

2.7.2. ECU: exposure of trachea

2.8. Then, open the trachea with micro-scissors using a T-shaped incision.

2.8.1. ECU: NC

2.9. Into the incision, insert the ventilation tube about half a centimeter. Advance the tube using small, anatomical forceps.  Then secure the tube with sutures.

2.9.1. CU: inserting tube

2.9.2. ECU: advancing tube

2.10. Then, for added security, suture the tube to the skin.  

2.10.1. ECU: NC

2.11. Seal up the incision in the skin using cyanoacrylate and secure the tube to the animal’s head using adhesive tape.

2.11.1. ECU: NC

2.11.2. CU: taping to head, wider angle for variety

2.12. Maintain the anesthesia using a continuous flow of  2% isolfluorane. 

2.12.1. CU: adjusting flow on gas gauge
3. Laparatomy
3.1. After preparing the mouse for surgery, make a small skin incision below the sternum and extend the cut laterally, below the ribs on either side.  

3.1.1. WID: establish the surgery set up, talent at work

3.1.2. ECU: NC

3.2. Cauterize all the exposed blood vessels in this process to minimize bleeding.

3.2.1. ECU: NC

3.3. Next, carefully incise the linea alba below the sternum to open the peritoneum. Continue cauterizing blood vessels as needed.

3.3.1. ECU: NC

3.4. Now, transfer the mouse to the agarose stage and stack slides on either side of the animal to help keep it in place. 

3.4.1. MED: moving mouse

3.4.2. CU: setting mouse up between slides

3.5. The stacks should match the height of the mouse, applying only gentle pressure on the abdomen. In this set up, use a respiratory sensor to synchronize the microscope with the respiration.

3.5.1. ECU: side view to show slide and mouse height

3.5.2. CU: setting up respiratory sensor

3.6. Now, using sutures in the sternum, retract the ribs. 4-0 suture will suffice.

3.6.1. ECU: NC

3.7. After retracting the ribs, cut the ligaments connecting the liver and diaphragm – cut all the way to the aorta, but work with extra caution to not rupture or cut the vessel.  

3.7.1. ECU: NC

3.8. Also cut the ligament that connecting the liver and GI tract. 

3.8.1. ECU: NC
VIDEOGRAPHER: Although the option to take scope shots was not indicated as required by the lab I think it would help many of the ECU shots to be taken via a stereoscope.  I've put in a request that you have a scope kit so you can make these substitutions.
4. Sample Setup
4.1. Turn the mouse 45 degrees to improve access to the larger liver lobe. Take a standard cover slip, and tape it along its’ edges so that it is not sharp. Place it over the abdominal cavity. This will serve as a stage for the liver.
4.1.1. MED: turning mouse

4.1.2. CU: adding staging bridge

4.1.3. CU: setting up cover slip

4.2. To position the liver onto the stage, carefully slip a double ball stylus probe or a padded spatula below the liver and hold the top of the organ using a moist tissue. Mechanic pressure will instantly lesion the liver tissue, so it is essential to handle the organ with care. (alternate take recorded for second sentence- Alex)

4.2.1. ECU: the double ball stylus probe

4.2.2. ECU: slipping probe under liver, holding liver in place

4.3. Then, lift the lobe onto the slide and gently tug it into position.  The lobe will usually end up bent or folded. Gently try to unfold the edges by lifting the tissue with a thin spatula or a moist tissue.

4.3.1. ECU: try and film a folded liver being unfolded

4.4. Next, add lateral supports in the form of cover slips or slides.  Stack the coverslips to be the same height as the liver lobe.

4.4.1. CU: top view placing coverslips

4.4.2. ECU: side view, coverslips at same height as liver
4.5. Julia Peusquens: The staging and fixation of the liver is the most critical step in the protocol. Any mechanical stress, torsion or pressure will cause instant tissue damage or at least impair the normal blood flow in the sinusoidal vessels. 

4.5.1. WID: interview shot at experimental set up

4.6. Now, put a large coverslip with taped edges over the liver lobe, supported by the lateral supports.  Position this coverslip as level as possible. It should not squeeze the liver – white tissue indicates impaired blood flow.

4.6.1. MED: taping coverslip edges and establish effort to place it on liver

4.6.2. ECU: placing on liver and positioning coverslip

4.7. Unless the imaging will go quickly, it is now necessary to insert two independent intraperitoneal catheters to provide long term anesthesia (TEXT: 0,1mg Ket + 0,5mg Xyz + 5µg Fentanyl / ml) and to apply G-5. These are assembled from 27 Gauge needles and flexible silicone tubing.  

4.7.1. MED: preparing needles and tubing

4.7.2. ECU: assembling needle/tube catheter

4.7.3. CU: assembling 2nd needle/tube catheter

4.8. Then, start their flow using syringe pumps. (TEXT: 0.2 ml / h anesthesia solution I, 0.1 ml / h G-5)

4.8.1. CU: setting pump and starting pump

4.9. Insert the catheters into the lower abdomen, near the hind limbs

4.9.1. ECU: NC

4.10. After attaching vital monitors to the mouse, prepare 100 ml of 3% agarose in 1X PBS. When the agarose has cooled to 41 ºC, embed the liver in it using a 5 ml syringe with an 18 Gauge needle.

4.10.1. MED: preparing agarose solution, mixing

4.10.2.  MED: checks temp of agarose, then loads syringe with it

4.10.3. ECU: embedding liver in agarose

4.11. Once the agarose has cooled, use a Heidemann spatula to remove the excess and expose a field of view large enough to scan the liver.  Then, proceed with the scanning.

4.11.1. ECU: removing excess agarose, cooled
4.12. [added] After the field of view is prepared, move the mouse under the microscope. To select appropriate scanning areas for the time lapse imaging, the liver tissue is scanned by eye using an external white light source, identifying representative fields with sufficient blood flow and minimal sample perturbation.

4.12.1. WID: establish talent scanning liver

4.12.2. ECU: microscopic selection of the view fields
5. Results: Intravital TPLSM with CCl4 Damaged Livers
5.1. CXCR6-GFP heterozygous mice were subjected to intravital TPLSM imaging. As an experiment, some were give an intraperitoneal injection of carbon tetrachloride to induce acute liver damage.  Motile cells, expressing GFP, were tracked by video and their tracks were superimposed to get a snapshot of cellular mobility.

5.1.1. LAB MEDIA: CXCR6 het baseline tracks.mp4

5.2. The tracks were then normalized.  Normal livers had cells with random migration patterns.  Livers injected with CCl4 showed an impairment in cellular migration.

5.2.1. LAB MEDIA: Fig 6B

5.2.2. LAB MEDIA: CXCR6het CCI4 36h tracks.mp4

5.3. Measuring total displacement from their origin, it was clear that there was cell trapping 36 hours after CCl4 treatment at the site of hepatocellular damage.

5.3.1. LAB MEIDA: Fig 6C
5.4. Impaired migration by the liver damage could also be shown by plotting the migration speed of individual cells over time, showing a partial arrest after 18 hours and full migratory arrest after 36 hours.

5.4.1. LAB MEDIA: Fig 7a
5.5. The reduction in the speed of the migrating cells could also be shown to be statistically significant when the cells were compared as populations. Thus, this approach is suitable for tracking changes in cell migration and positioning in developing liver disease.

5.5.1. LAB MEDIA: Fig 7b
6. Conclusion (said by authors on camera)
6.1. Felix Heymann: After watching this video, you should have a good understanding of how to prepare mice for intravital multiphoton microscopy imaging of the liver, stabilizing the animal for long-term survival after surgery as well as minimizing movement artifacts by the gentle fixation method demonstrated in our protocol. The method is relatively easy to learn, is a highly reproducible, cost effective and can easily be adopted to other intravital imaging questions.
6.2. Marlene Kohlhepp: Once mastered, this technique can be done in about 1 hour if it is performed properly.

6.3. Jana Mossanen: While attempting this procedure, it’s important to control the vital parameters of the animal, stabilizing temperature, heart rate, oxygen and CO2 levels, which can be achieved by adapting the depth of the narcosis and respiration.

6.4. Julia Peusquens: Following this procedure, other methods like flow cytometry analysis or laser capture microdissection can be performed in order to answer additional questions like the phenotype of the infiltrating immune cells or the mediators secreted by the tissue or the infiltrating cells.

6.5. Frank Tacke: After its development, this technique allowed researchers in the field of liver inflammation to gain insight into the dynamics of leukocyte traffic and interaction, allowing to further explore the sequence of events in inflammatory liver diseases. 

6.6. Michael Vogt: Don't forget that working with high-energy pulsed lasers as the ones being using for multiphoton microscopy can be extremely hazardous and precautions such as avoiding scattering or reflection 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.  

Insert your media filenames here.

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, as well as an introduction to your videographer, closer to your filming date.
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