Submission ID #: 50485

Editor Name: Bridget Colvin

Videographer name:

Film Date: 

Authors and Affiliations: Peter Donndorf 1, Marion Ludwig1, Dritan Useini1, Alexander Kaminski1, Brigitte Vollmar2 and Gustav Steinhoff1, 1Reference and Translation Centre for Cardiac Stem Cell Therapy, Department of Cardiac Surgery, and 2Institute for Experimental Surgery, University of Rostock, Rostock, Germany

Title: Intravital microscopy of the microcirculation in the mouse cremaster muscle for the analysis of peripheral stem cell migration

Author Correspondence: peter.donndorf@med.uni-rostock.de, marion.ludwig@med.uni-rostock.de, dritan-83@live.com, alexander.kaminski@med.uni-rostock.de, brigitte.vollmar@med.uni-rostock.de, gustav.steinhoff@med.uni-rostock.de
Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes  If yes, please list make and model of your microscope: Leica M651: 2.4 to 2.17 (microsurgery) 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N No

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 2.8 -2.12 and 3.4

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Femoral artery cannulation
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

The overall goal of this procedure is to visualize stem cell-endothelial cell interactions in vivo. (Intro) This is accomplished by first introducing a femoral artery catheter into a sedated animal for intraarterial access. (P1) During the second step, the cremaster muscle is surgically prepared for intravital fluorescence microscopy. (P2) Next, the stem cell population of interest is injected via the femoral artery catheter. (P3) Ultimately, the interactions between the adoptively transferred stem cells and the endothelium of the cremaster muscle microcirculation can be visualized and quantified. (P4)

(P1) 2.9.1. (catheter being placed into femoral artery)
(P2) 2.14.2. (cremaster being opened)
(P3) 3.3.2. (stem cells being injected into catheter)
(P4) Figure1.JoVe.600.tif 

Adria suggests that the rodent leg graphic (originally done for 3496) could be used for the above shots. If you use that graphic, then the above listed shots could be used as a guide for where to place the catheter and where to do the injection.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Peter Donndorf: This method can help answer key questions in the regenerative medicine field, such as, how is the migration of therapeutically applied stem cell cells regulated within a living organism?

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Microsurgical preparation

2.1. Before beginning the microsurgery, de-air a catheter connected to a 1 ml syringe with 0.9% sodium chloride.

2.1.1. WIDE: Talent arrives at bench.

2.1.2. MED: Few seconds of Talent de-airing catheter attached to 1 ml syringe with NaCl (TEXT: Catheter inner diameter = 0.28 mm) 

2.2. Then, gently shave the anterior aspect of the right scrotum as well as the right thigh and groin of a 20-25 mg anesthetized, male mouse. 

2.2.1. CU: Few seconds of right scrotum being shaved [TEXT: Anestheisa: i.p. ketamine (75 mg/kg) and xylazine (25 mg/kg)] (Videographer: Combine 2.2.1. and 2.2.2. as appropriate)

2.2.2. MED: Few seconds of right thigh and groin being shaved (TEXT: Anesthesia: 7.5 mg/kg ketamine, 2.5 mg/kg xylazine, every 30-60 min) (Videographer: Combine 2.2.1. and 2.2.2. as appropriate)

2.3. Collect all the loose hair with a moistened cotton swab and then place the mouse ventral side up on a plexiglass custom made viewing stage consisting of a base plate and a second plate at the caudal edge of the base plate for elevation of both of the hind legs and the scrotum.

2.3.1. CU: Few seconds of loose hair being collected

2.3.2. MED (more focus on Talent than mouse): Quick shot of Talent moving mouse into position

2.3.3. CU/MED: Pan shot of viewing stage (with minimal mouse) (Video Editor: If possible, please indicate “base plate” and “second plate at caudal edge” when mentioned, possibly with appropriate text and arrow)

2.4. After fixing the feet with an elastic drape, place the stage on a heating pad to maintain the animal’s body temperature at 37°C. Then, using a 10-16 fold magnification, use a dissection microscope and pair of scissors to make an initial incision at the right thigh, just anterior of the femoral vessels, from the knee to the groin.

2.4.1. MED: Talent places mouse/stage onto heating pad

2.4.2. MED: Talent adjust objective to appropriate magnification

2.4.3. SCOPE: Few seconds of incision being made at right thigh, from knee to groin

2.5. Identify the femoral artery and follow it proximally, mobilizing the artery from the surrounding soft tissue. Then, using thermocautery, identify and cut a large arterial branch leading to the left testicle. 

2.5.1. SCOPE: If possible, femoral artery being indicated with dissecting needle or other appropriate instrument (Video Editor: If possible/necessary please indicate femoral artery with arrow/asterisk and/or appropriate accompanying text [e.g., Femoral Artery), then few seconds of artery being mobilized

2.5.2. SCOPE: If possible, large arterial branch being indicated with dissecting needle or other appropriate instrument (Video Editor: If possible/necessary please indicate larger arterial branch with arrow/asterisk and/or appropriate accompanying text [e.g., Arterial Branch]), then few seconds of branch being thermocauterized/cut

2.6. Place a 6-0 Prolene stay suture superficially at the left testicle. Then identify and thermocauterize the large arterial branch running medially at the thigh. 

2.6.1. SCOPE: Few seconds of suture being placed at left testicle (TEXT: Gentle traction facilitates further proximal mobilization of femoral artery)

2.6.2. SCOPE: If possible, large arterial branch being indicated with dissecting needle or other appropriate instrument (Video Editor: If possible/necessary please indicate femoral artery with arrow/asterisk and/or appropriate accompanying text [e.g., Arterial Branch]), then few seconds of branch being thermocauterized/cut (Note: this footage includes 2.7.1 and 2.7.2)
2.7. Next, using gentle traction, ligate the femoral artery at the distal part of the right thigh, and then place a suture around the proximal femoral artery as close to the center of the animal as possible. 

2.7.1. SCOPE: Few seconds of femoral artery at distal part of right thigh being ligated (RECORDED IN 2.6.2)
2.7.2. SCOPE: Few seconds of suture being placed around femoral artery (RECORDED IN 2.6.2)
2.8. Now place a loose knot around the femoral artery but do not tie it. Then, apply gentle traction to the suture to create an arterial kinking. After establishing the kinking, use a pair of micro-scissors to carefully incise the artery, taking special care not to damage the femoral vein.

2.8.1. SCOPE: Few seconds of loose knot being placed around femoral artery

2.8.2. SCOPE: Few seconds of gentle traction being applied to create kinking

2.8.3. SCOPE: Artery being incised with micro-scissors

2.9. Next insert the previously-prepared micro-catheter into the incision, carefully loosening the kinking to facilitate passage of the catheter. Arterial blood flow should be immediately visible within the catheter. 

2.9.1. SCOPE: Few seconds of micro-catheter being placed, with loosening of kinking being demonstrated (Videographer: Combine 2.9.1. and 2.9.2. as appropriate)

2.9.2. SCOPE: Few seconds of blood flow through catheter (Videographer: Combine 2.9.1. and 2.9.2. as appropriate)

2.10. Slowly advance the catheter a few millimeters beyond the previous kinking. Then, tie down the prepared ligature for fixation of the catheter. 

2.10.1. SCOPE: Last few seconds of catheter being advanced beyond kinking, then ligature/knot being completed

2.11. Now gently flush the catheter with the sodium chloride and then aspirate the solution to confirm the correct position of the catheter. Use a piece of tape to further secure the catheter to the operation stage.

2.11.1. SCOPE: Few seconds of catheter being flushed then/and solution being aspirated (Videographer: Split action into separate shots as necessary)

2.11.2. CU: Shot of catheter being secured with tape (TEXT: Flush/aspirate catheter every 5-10 min)

2.12. After the catheter has been adequately fixed and moved aside, cut the skin and fascia above the ventral aspect of the right scrotum, taking care not to touch the underlying tissue with any instruments. Extend the incision up to the inguinal fold and caudally to the distal end of the scrotum.

2.12.1. SCOPE: Last few seconds of skin and/then fascia being cut above right scrotum, then incision being extended up to inguinal fold to distal end of scrotum (Videographer: Split action into separate shots as necessary)

2.13. Then carefully separate the underlying soft and connective tissues above the cremaster sack without touching the tissue itself. Then place a 6-0 Prolene stay suture at the distal end of the cremaster to slightly extend the muscle. 

2.13.1. SCOPE: Few seconds of soft and connective tissues above cremaster being separated

2.13.2. SCOPE: Few seconds of suture being placed

2.14. Next, gently pull the muscle caudally and anteriorly to resect the remaining soft tissue beneath the muscle sack. After the complete separation from the connective tissue, use a pair of scissors to open the cremaster sack at on the cranial edge and extend the incision from this opening down to distal end of the muscle.

2.14.1. SCOPE: Muscle is pulled and then few seconds of soft tissue being resected

2.14.2. SCOPE: Few seconds of cremaster sack being opened with scissors then being extended to distal end of muscle

2.15. After thermocatuerizing the small vessel connecting the testicle and the cremaster, use scissors to cut the remaining connections between the muscle and the testicle. The opened cremaster will now lay flat on the stage. 

2.15.1. SCOPE: Shot of thermocauterized vessel, then, few seconds of scissors cutting connections between muscle and testicle (Videographer: Split action into separate shots as necessary) (TEXT: Lay testicle outside of microscope field)

2.15.2. SCOPE: Shot of opened cremaster laying flat on stage

2.16. Now place four 6-0 Prolene stay sutures at the edges of the tissue and fix them with the elastic drape in order to spread the cremaster muscle tissue. 

2.16.1. SCOPE: Few seconds of last of 4 sutures being placed at edge of tissue, then sutures being fixed with elastic drape

2.17. From this point forward, use a 1 ml syringe to continuously moisten the tissue with PBS. After the preparation has rested for 15 minutes, inject 0.05-0.1ml of 1% Rhodamine-Dextran via the left femoral artery for contrast enhancement of the microvasculature. 

2.17.1. SCOPE/CU: Few seconds of tissue being moistened with PBS

2.17.2. SCOPE/CU: Few seconds of Rhodamine-Dextran being injected by the left femoral artery

3. Intravital microscopy

3.1. Now move the mouse and stage under a charge-couple device video camera-connected fluorescence microscope modified for epi-illumination, taking special care not to dislocate the femoral artery catheter.

3.1.1. WIDE: Talent approaches microscope with mouse/stage (Video Editor: If possible, please indicate the “charge couple device video camera” and/or “epi-illumination” modification when mentioned)

3.1.2. MED: Few seconds of Talent placing mouse/stage under fluorescent microscope

3.1.3. CU: Shot of undisturbed catheter on mouse on microscope stage

3.2. After adjusting the water immersion objective for sufficient visualization of the cremaster microcirculation, stochastically define six postcapillary venules for later analysis of firm stem cell adherence.

3.2.1. MED: Talent adjusts objective

3.2.2. SCREEN: Shot of postcapillary venules being stochastically defined

3.3. Next, load a 1 ml syringe with 200 l  of the previously labeled, fluorescent donor bone marrow stem cells. Gently tap the syringe to resuspend the cell suspension and then administer the cells through the femoral catheter in 40 l injections for a total of five consecutive injections. 

3.3.1. MED: Talent finishes loading syringe with donor bone marrow stem cells, then taps syringe to resuspend cell suspension

3.3.2. CU: Shot of syringe attached to catheter, few seconds of suspension being injected (TEXT: 0.4 x 106 cells/injection x 5)

3.4. Record the stem cell rolling immediately after the last cell injection, defining “rolling“ as a more than 50% reduction of the cell velocity along the endothelial lining in combination with the typical cellular “stick and release“ movements. 

3.4.1. SCREEN: ~15 s seconds of stem cells rolling (Authors: If possible, please make sure SCREEN shot includes footage of rolling) (TEXT: See protocol text for details on counting rolling cells)

3.5. After completion of the intravital microscopy, carefully remove the cremaster muscle and store it for later analysis. 

3.5.1. MED: Last few seconds of Talent removing muscle, then placing it into receptacle for storage (TEXT: Sacrifice animal by cervical dislocation)

4. Results: Intravital microscopy of stem cell rolling and adhesion

4.1. In general, the interaction of directly injected stem or progenitor cells with the vascular endothelium within the cremaster muscle microcirculation is a rare event and occurs exclusively in the postcapillary venules. Due to the fluorescent labeling, the rolling cells, as indicated by the black arrowheads, and the firmly adhering stem cells, as indicated by the white arrows, can be clearly distinguished from the circulating endogenous leucocytes in the venules.

4.1.1. LAB MEDIA: Figure1.JoVe.600.tif (Video Editor: with “indicated by the black arrowheads” please highlight/indicate the black arrowheads OR the cells indicate by the black arrowheads; with “indicated by the white arrows” please highlight/indicate the white arrows OR the cells indicate by the white arrows)

4.2. The microcirculatory conditions represented by the blood flow velocity and wall shear rate usually do not differ significantly between the respective experimental groups with different chemokine treatment.

4.2.1. LAB MEDIA: Table 1.JoVE.gif (Authors: Please submit Table 1 as its own .ai, .psd, or .tif file) (Video Editor: with “blood flow velocity” please highlight the “red blood cell velocity” data column; with “wall shear rate” please highlight the “wall shear rate” data column”)

4.3. Local treatment of the cremaster muscle tissue with different chemokines or mediators of inflammatory response, for example stromal cell-derived factor-1 alpha or tumor necrosis factor-alpha, is capable of mimicking specific micro-environmental conditions. Such conditions enhance the stem cell-endothelial cell interactions to varying degrees, depending on the specific chemokine or mediator applied and the stem cell population injected.

4.3.1. LAB MEDIA: Figure2.JoVe.TIFF (Video Editor: with “for example stromal cell-derived factor-1 ” please indicate the SDF-1 and TNFalpha + SDF-1 data columns in both graphs; with “or tumor necrosis factor-alpha” please indicate the TNFalpha and TNFalpha + SDF-1 data columns in both graphs; with “enhance .. varying degrees” please highlight the asterisks in both graphs)

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

5.1. Peter Donndorf: After watching this video, you should have a good understanding of how to visualize stem cell-endothelial cell interactions in vivo through intravital microscopy of the cremaster muscle microcirculation.

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, 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.  

Figure1.JoVe.600.tif

Table 1.JoVE.gif

Figure2.JoVe.TIFF  

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.
 2011, Journal of Visualized Experiments


