[image: Jove_Logo.png]FINAL SCRIPT: APPROVED FOR FILMING
Submission ID #: 58901
Scriptwriter Name: Anthony Iannazzi
Project Page Link: http://www.jove.com/files_upload.php?src=17964853

Title: Isolation of Primary Murine Skeletal Muscle Microvascular Endothelial Cells

Authors and Affiliations: 
Thomas Müntefering1 *, Alexander P.E. Michels1 *, Steffen Pfeuffer1, Sven G. Meuth1 *, Tobias Ruck1 *
1Institute for Translational Neurology and Neurology Clinic, University of Münster, Münster, Germany

*These authors contributed equally. 

Corresponding Author: 
Tobias Ruck			tobias.ruck@ukmuenster.de
Phone +49 251 83 41125
Fax: +49 251 83 46812


Email Addresses for Co-authors: 
thomas.muentefering@ukmuenster.de
a_mich20@uni-muenster.de
steffen.pfeuffer@ukmuenster.de
sven.meuth@ukmuenster.de






Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  —> NO
Can you record movies/images using your own microscope camera? (Y/N) —> YES
2. Does your protocol include software usage? (Y/N) —> NO
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.2. —>  Preparing the mouse
2.3.-2.5. —>  Isolating the Musculus quadriceps femoris
2.11. and 2.17. —> magnetic activated cell sorting procedure
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
It is difficult to isolate only the muscle tissue with small vessels. Therefore, we cut off the big vessels (e.g. Arteria femoralis).
5. Will the filming need to take place in multiple locations? (Y/N) —> NO
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.


REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

Tobias Ruck: This protocol is a platform method to isolate primary microvascular endothelial cells from skeletal muscles. These cells can be used to gain further insights into blood-muscle-barrier functions [1].

INTERVIEW: Named author says the statement above while looking slightly off-camera.

Thomas Müntefering: The main advantage of this technique over existing methods is that it is possible to isolate primary microvascular endothelial cells with a high purity [1].

INTERVIEW: Named author says the statement above while looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.


Alexander P.E. Michels Thomas Müntefering: The implications of this technique can help to answer key questions in the field of immune-mediated muscle diseases, such as the interaction between muscle and endothelial cells in health and disease [1].

INTERVIEW: Named author says the statement above while looking slightly off-camera.

Ethics title card: (for human subjects or animal work, does not count toward word length total)

All animal experiments were approved by the local authorities and conducted according to the German animal welfare act (84-02.05.20.13.097).


Section - Protocol
Isolation of Primary Murine MMEC
(Editor: The authors provided 4 supplementary images that may better illustrate some of the steps. I’ve made note of where the files could go down below, but I’ll provide a summary here so it’s all in one place. Please note that these images were custom created but their medical illustrator, Heike Blum. They would like her name in the credits to credit her for her work)
Image 1 (anatomy muscle and micro vessels): This image can be used to show which cell type will be isolated in this video. (Video script: 2.4./2.5)
Image 2 (dissociation muscle tissue): This image shows the mechanic and enzymatic dissociation of the muscle tissue. (Video script: 2.7.3)
Image 3 (magnetic cell separation): The step shown here can be used for all the magnetic cell separation steps. (Video script: 2.15.2/2.20.2)
Image 4 (cultivation): In this image the last step of this protocol is shown. Adding the media for cultivation of MMEC. (Video script: 2.24.3)
First, prepare all needed solutions and 6-well-plates as described in the protocol [1]. To begin the practical procedure, obtain a pair of surgical sharp/blunt scissors, a pair of surgical sharp/sharp scissors, and straight and curved forceps [2-TXT]. Disinfect all surgical instruments with 70 percent ethanol [3].
WIDE: Establishing shot of the talent approaching the work area and beginning to prepare a solution or 6-well plate. Any action in these preparations can be filmed for this shot.
CU: Close up of the surgical instruments, panning over them as they are named. TEXT: See text for details on surgical instruments.
MED: Talent disinfects the surgical instruments with ethanol.
Position a euthanized adult male mouse on its back, and moisten the legs with 70 percent ethanol [1-TXT]. Using the sharp/blunt surgical scissors, sever each whole leg by cutting at the hip joint [2]. Place the extremities in a closed cell culture dish [3].
CU: Close up as the talent positions a dead mouse on its back, and then moistens the legs with ethanol. TEXT: See text for details on euthanizing mice. 
CU: Close up as a whole leg is severed as described. (Author Comment: please use Take 3)
MED: Talent places a severed extremity into a labeled cell culture dish. 
Transfer the dish to a sterile laminar flow hood [1]. Use the sharp/sharp scissors and curved forceps to cut the skin open from the hip to the tip of the toe [2]. Use the straight forceps to hold the toe or footpad while using the curved forceps to peel the skin off from the toe to the hip [3].
MED: Talent transfers the dish, which holds the severed extremities, into a laminar flow hood.
CU: Close up as the talent cuts the skin open from hip to toe as described.
CU: Close up as the talent peels off the skin as described.
To isolate the musculus quadriceps femoris, cut the tendon from the knee and sever the muscle along the femur to the hip [1]. Sever the Achilles tendon to isolate the musculus triceps surae [2]. Next, cut along the tibia to the popliteal fossa and remove the muscle [3].
(Editor: Image 1 – titled “anatomy muscle and micro vessels” – could be used with steps 2.4 and 2.5 to better illustrate what is occurring. When these illustrations are used is up to you, whatever looks best. If the footage provided is clear, I would suggest showing both the illustration and the footage together. Perhaps by showing the illustration as an inlay)
CU: Close up as the talent cuts the tendon from the knee and then severs/cuts the muscle along the femur to the hip.
CU: Close up as the talent severs/cuts off the Achilles tendon.
CU: Close up as the talent cuts along the tibia to the popliteal fossa as described.
To remove large vessels, use the curved forceps to hold the part of the muscle not containing the vessels and cut the muscle off next to the vessel [1]. Add 2,445 microliters of prepared digestion solution to a fresh labeled cell culture dish [2], and determine the weight [3].
CU: Close up as the talent holds part of the muscle and cuts off the part next to the vessel as described.
MED: Talent adds digestion solution (already prepared) to a fresh dish.
MED: Talent weighs the dish (which contains the solution).
Transfer all of the muscle pieces to this dish [1]. Then, determine the weight. The difference of both measured values provides the dry weight of the muscle tissue, which must not exceed 1 gram [2].
MED: Talent transfers the muscle pieces to the dish that contains the digestion solution.
MED: Talent weights the dish and records the weight. Show the talent calculating the difference between the two weights with a calculator.
Using the surgical sharp/sharp scissors, cut the whole muscle tissue into small pieces [1-TXT]. Incubate the tissue suspension at 37 degrees Celsius with 5 percent carbon dioxide for 1.5 hours [2], making sure to mix the suspension carefully with a 1 milliliter insulin syringe every 20 minutes for approximately 5 minutes [3].
CU: Talent cuts the tissue into small pieces. TEXT: Pieces: ≤2 mm cubes. ; Quantity: ~100 (Author Comment: more important is the size and not the quantity of pieces) (Editor: I believe this comment is just explaining why they eliminated part of the text overlay).
MED: Talent places the tissue suspension into an incubator and takes a look at the stopwatch. 
MED: Talent mixes the suspension with a syringe. (Editor: Image 2 – titled “cultivation of MMEC” – could be used with shot 2.7.3 to better illustrate what is occurring. I’m not sure if this illustration needs to be shown, since it’ll look so similar to the action itself. However, if when these illustrations are used is up to you, whatever looks best. If the footage provided is clear, I would suggest showing both the illustration and the footage together. Perhaps by showing the illustration as an inlay.)
After the incubation, transfer the suspension to a 70 micrometer nylon strainer placed on a 50 milliliter labeled tube, and collect the flow through [1]. Wash the cell strainer with 8 milliliters of DMEM, and collect the flow-through [2]. If the pieces are plugging the strainer, re-suspend the dissociated solution [3].
MED: Talent transfers the solution to a nylon strainer that is placed on a tube.
MED: Talent washes the strainer with 8 milliliters of DMEM. (Author CommentL sometimes you have to re-suspend, like shown in the video, if the dissociated muscle plugging the strainer) 
[Added Shot]: Re-suspend the dissociated solution if tissue pieces plugging the strainer
Discard the cell strainer and centrifuge the suspension at 300 x g and at 20 degrees Celsius for 10 minutes [1]. Carefully remove the supernatant [2] and re-suspend the cell pellet in 1 milliliter of an ammonium-chloride-potassium lysing buffer for the lysis of red blood cells [3]. Incubate at room temperature for 30 seconds [4].
MED: Talent closes the lid of a centrifuge, and then turns the centrifuge on. Videographer: This shot will be used a few times over the course of this video, though the solution may look different each time. Because of this, please capture a few takes, but ensure that the contents of the tube are not clearly visible.
MED: Talent removes supernatant carefully. Videographer: This shot will be shown once. Afterwards this step just will be described by word of mouth.
MED: Talent re-suspends the cell pellet in lysing buffer. [Shots 2.9.3, 2.9.4, and 2.10.1 combined]
MED: Talent takes a look at a stopwatch as it nears 30 seconds. (Author Comment: to stop the reaction after 30 sec. 2.9.3.; 2.9.4 and 2.10.1 were taken together)
Then, add 9 milliliters of DMEM containing 10 percent FCS to stop the reaction [1]. Transfer the cell suspension to a 15 milliliter tube [2]. Use a Neubauer cell counting chamber to determine the cell numbers [3].
MED: Talent adds 9 milliliters of DMEM (+FCS) to the tube.
MED: Talent transfers the cell suspension to a labeled 15 mL tube.
MED: Talent counts the cell numbers using a Neubauer cell counting chamber. Videographer: This shot will be used again. Please capture a few takes.
To begin depleting the CD45+ cells, centrifuge the suspension at 300 x g and at 4 degrees Celsius for 10 minutes [1]. Remove the supernatant completely and re-suspend the cell pellet in 90 microliters of MCS buffer [2]. 
 Use a take from 2.9.1. (Author Comment: after important centrifugation step we made an additional take and showed the size of the pellet).
MED: Talent re-suspends the cell in 90 microliters of MCS buffer. Supernatant should be removed prior to this shot.
[Added Shot]: size of the pellet (Editor: I imagine this shot is intended to be between 2.11.1 and 2.11.2. However, the authors will need to add additional VO if they want the shot shown)
Add 10 microliters of CD45 microbeads and mix the suspension [1]. Incubate in a refrigerator at 4 – 8 degrees Celsius for 15 minutes [2].
CU: Close up on the tube as the microbeads are added and mixed to see the color change of the solution.
MED: Talent places the tube into a refrigerator. Videographer: This shot will be used a few times over the course of this video, though the solution may look different each time. Because of this, please capture a few takes, but ensure that the contents of the tube are not clearly visible.
After this, add 1 milliliter of MCS buffer [1]. Centrifuge at 300 x g and at 4 degrees Celsius for 10 minutes [2]. Remove the supernatant completely and re-suspend the cells in 500 microliters of MCS buffer [3].
MED: Talent adds 1 milliliter of MCS buffer to the tube.
Use a take from 2.9.1.
 MED: Talent re-suspends the cell in 500 microliters MCS buffer. Supernatant should be removed prior to this shot.
Position a large magnetic column in the magnetic field of the separator [1-TXT]. Rinse the reservoir of the column with 3 milliliters of MCS buffer [2]. 
MED/WIDE: Talent places a large magnetic column in the magnetic field of the separator. TEXT: See text for details about the large magnetic column.
MED: Talent adds 3 milliliters of MCS buffer to the column and collects flow through.
Then, place a 15 milliliter conical tube below the column to collect the flow through [1]. Apply the whole cell suspension to the column, and let it flow through completely [2]. Wash the column three times by adding 3 milliliters of MCS buffer into the reservoir for each washing step and waiting until the column’s reservoir is empty before beginning the next washing step [3].
MED: Talent places a labeled conical tube on ice below the column.
MED: Talent applies the whole cell suspension to the column. (Editor: Image 3 – titled “dissociation muscle tissue” – could be used with shot 2.15.2 to better illustrate what is occurring. I’m not sure if this illustration needs to be shown, since it’ll look so similar to the action itself. However, if when these illustrations are used is up to you, whatever looks best. If the footage provided is clear, I would suggest showing both the illustration and the footage together. Perhaps by showing the illustration as an inlay.)
MED: Talent adds 3 milliliters of MCS buffer to the column to wash it. Videographer: If possible, film a CU take of the buffer flowing through the column.
Collect the unlabeled cells passing through the column for use in further separation steps [1-TXT].
MED: Talent picks up/collects the unlabeled cells that have passed through the column. TEXT: Labeled cells in the column can be discarded.
[bookmark: _Hlk527538411]To begin accumulating CD31+ cells, use a Neubauer cell counting chamber to determine the cell numbers [1]. Afterwards, centrifuge the unlabeled cells at 300 x g and at 4 degrees Celsius for 10 minutes [2]. Remove the supernatant completely and re-suspend the pellet in 90 microliters of MCS buffer [3]. Add 10 microliters of CD31 microbeads and mix the whole suspension [4].
Use a take from 2.10.3.
Use a take from 2.9.1. (Author Comment: size of pellet is shown after this step)
MED: Talent re-suspends the cell in 90 microliters of MCS buffer. Supernatant should be removed prior to this shot.
MED: Talent adds microbeads to the suspension and then mixes.
Incubate in a refrigerator at 4 – 8 degrees Celsius for 15 minutes [1]. After this, add 1 milliliter of MCS buffer [2] and centrifuge at 300 x g and at 4 degrees Celsius for 10 minutes [3].
Use a take from 2.12.2. 
MED: Talent adds 1 milliliter of MCS buffer to the suspension.
Use a take from 2.9.1.
Remove the supernatant and re-suspend the cells in 500 microliters of MCS buffer [1]. Position the medium magnetic column in the magnetic field of the separator [2-TXT]. Rinse the column with 500 microliters of MCS buffer [3].
MED: Talent re-suspends the cell pellet in 500 microliters of MCS buffer. Supernatant should be removed prior to this shot.
MED/WIDE: Talent positions a medium magnetic column in the magnetic field of the separator. TEXT: See text for details about the medium magnetic column.
MED: Talent rinses the column with 500 microliters of MCS buffer and collects flow through.
Next, place a 15 milliliter conical tube below the column to collect the flow through [1]. Apply the whole cell suspension onto the column, and let it completely flow through [2].
CU: Talent places a labeled conical tube on ice below the column.
MED: Talent applies the suspension to the column and lets it flow through. (Editor: The authors suggested that Image 3 could be used here. I don’t feel it applies to this step)
Wash the column three times by adding 500 microliters of MCS buffer into the reservoir for each washing step and wait until the column’s reservoir is empty before beginning the next washing step [1]. Unlabeled cells passing the column represent the CD45- CD31- fraction. Store them for further quality controls [2].
MED: Talent adds 500 micoliters of MCS buffer to the column and lets it flow through. Videographer: If possible, film a CU shot of the wash draining from the column.
MED: Talent picks up/collects the vessel of unlabeled cells and walks away to store it.
Then, remove the column from the separator [1] and place it on a suitable collection tube [2]. Pipet 2 milliliters of MCS buffer onto the column [3].
MED: Talent removes the column from the separator. [Shots 2.22.1 and 2.22.2 combined]
MED: Talent places the column of a suitable labeled collection tube. (Author Comment: 2.22.1 and 2.22.2 were recorded together)
MED: Talent adds 2 milliliters of MCS buffer to the column.
Immediately push the plunger into the column to flush the magnetically labeled cells. This CD45- CD31+ (“C-D-forty five-negative C-D-thirty one-positive”) fraction represents the enriched primary murine ECs [1].
MED/CU: Talent pushes the plunger into the column, forcing the fraction to flow out. Film this from whatever focal length shows the action most clearly.
Centrifuge the cell suspension at 350 x g and at 20 degrees Celsius for 5 minutes [1]. Remove the supernatant completely and re-suspend the cells in 1 milliliter of endothelial cell medium [2-TXT]. Transfer the cells to a single well of a coated 6-well culture plate containing 1 milliliter of endothelial cell medium [3-TXT].
Use a take from 2.9.1. (Author Comment: size of the pellet is shown)
MED: Talent re-suspends the cell in 1 milliliter of endothelial cell medium. Supernatant should be removed prior to this shot. TEXT: See text for details on preparing the medium.
[bookmark: _GoBack]MED: Talent transfers the cells to a single well of a labeled coated 6-well culture plate. TEXT: See text for details on coating the plate. (Editor: Image 4 – titled “magnetic cell separation” – could be used with shot 2.24.3 to better illustrate what is occurring. I’m not sure if this illustration needs to be shown, since it’ll look so similar to the action itself. However, if when these illustrations are used is up to you, whatever looks best. If the footage provided is clear, I would suggest showing both the illustration and the footage together. Perhaps by showing the illustration as an inlay.)
For cultivation, incubate the cells at 37 degrees Celsius with 5 percent carbon dioxide in a sterile incubator, making sure to refresh the medium every 2 – 3 days [1].
MED: Talent places the plate into an incubator.

Primary Murine MMEC Purification
When the cells are at 80 – 90 percent confluence, rinse each well containing cells twice with 2 milliliters of PBS in two consecutive washing steps [1]. Then, add 800 microliters of trypsin/EDTA solution to each well [2], and incubate at 37 degrees Celsius with 5 percent carbon dioxide in a sterile incubator for 3 – 5 minutes [3].
MED: Talent rinses each well of the labeled 6-well plate with 2 milliliters of PBS.
MED: Talent adds 800 microliters of trypsin/EDTA solution to each well of the labeled plate.
MED: Talent places the labeled plate into an incubator.
After this, add 1,200 microliters of DMEM containing at least 10 percent FCS to stop the enzymatic activity [1]. Centrifuge at 350 x g and at 20 degrees Celsius for 5 minutes [2].
MED: Talent adds 1,200 microliters of DMEM to each well of the plate.
Use a take of 2.9.1.
Then, accumulate the CD31 cells as previously described to increase the purity [1]. Use a bright-field or standard phase-contract microscope with 20X magnification and 0.35 lens numerical aperture to observe the cell confluence [2].
Use a take of 2.9.1.
MED: Talent, at a microscope, loads the plate and observes the cell confluence.






Section – Results
Results: Analysis of the Isolated Primary Murine Skeletal Muscle Microvascular Endothelial Cells.
In this study, primary murine skeletal muscle microvascular endothelial cells are isolated [1-TXT]. One day after isolation, primary murine MMECs and residual other cells form conglomerates and adhere to the bottom of culture dishes [2]. From day 7 onward, flat and elongated cells can be observed. However, contamination of other, mostly spheroid cells, is still visible [3]. 
LAB MEDIA: Figure 1. TEXT: MMEC: Muscle microvascular endothelial cells.
LAB MEDIA: Figure 1. Video Editor: Emphasize the left-most image (Labeled “d1”).
LAB MEDIA: Figure 1. Video Editor: Emphasize the middle image (Labeled “d7”).
Thus, another cycle of CD31 positive selection via MCS is required. Hereafter, primary murine MMECs proliferate to a density of approximately 80 – 90 percent [1]. Upon confluence, they typically form a nonoverlapping monolayer of longitudinally aligned cells [2]. Proliferation stops upon confluence due to contact inhibition [3]. 
LAB MEDIA: Figure 1.
LAB MEDIA: Figure 1. Video Editor: Emphasize the right-most image (Labeled “d14”)
LAB MEDIA: Figure 1.
Quality control via flow cytometry shows values for both viability and purity ranging around 70 percent each for cells immediately after the isolation [1]. Cells cultivated after another CD31 positive selection via MCS show satisfying values for purity, as well as for viability, ranging up to 95 percent each [2].
LAB MEDIA: Figure 2. Video Editor: Show only Figure 2A.
LAB MEDIA: Figure 2. Video Editor: Show only Figure 2B.
Obtained cells are then investigated for the gene expression of the muscle satellite cell marker genes “paired box protein 7” and “M-cadherin” on mRNA level by quantitative PCR [1]. As expected, only the CD45- CD31- fraction, as well as the differentiated primary murine muscle cells, expressed box protein 7 and M-cadherin [2], whereas CD45- CD31+ and the primary murine MMECs are negative for these markers [3].
LAB MEDIA: Figure 2. Video Editor: Show only Figure 2C.
LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2C. In both graphs, emphasize the data columns for the CD45- CD31- fraction (the blue column) and the pmMC (the black column). 
LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2C.
After the second CD31-MCS step, qPCR is used to evaluate the expression of tight junction proteins in confluent primary murine MMECs [1]. Primary murine MMECs are seen to express high levels of claudin-5, occludin, and zonula occludens-1 [2], whereas pmMC only show a low expression of zonula occludens-1 [3].
LAB MEDIA: Figure 2. Video Editor: Show only Figure 2D.
LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2D. Emphasize the data columns for pmMMEC (the white columns) in each plot as it is mentioned (claudin-5 = Cld5, occludin = Ocln, and zonula occludens-1 = Tjp1).
LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2D. In the right-most image, emphasize the data column for pmMC (the black column).



Section - Conclusion
Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

Alexander P.E. Michels Thomas Müntefering: This technique can be performed in 5-6 hours if it is performed properly [1].
INTERVIEW: Named author says the statement above while looking slightly off-camera.
Thomas Müntefering: Following this protocol, other methods, such as migration assays or low shear stress video experiments, can be performed to answer additional questions [1].
INTERVIEW: Named author says the statement above while looking slightly off-camera.
Tobias Ruck: After watching this video, you should be able to isolate primary murine microvascular endothelial cells of skeletal muscles by mechanic and enzymatic dissociation and magnetic cell sorting technique [1].
INTERVIEW: Named author says the statement above while looking slightly off-camera.
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