Submission ID #: 55918
Editor: Steven Nilsen
Videographer: Paul Donahue
Film Date: March 15
Link: https://www.jove.com/account/file-uploader?src=17055038
Authors and Affiliations: 

Thomas Laumonier1, Stéphane Koenig2, Sophie Saüc2,3, Maud Frieden3

1Department of Orthopedic Surgery, Geneva University Hospitals & Faculty of Medicine, Geneva, Switzerland

2Department of Basic Neurosciences, Geneva Medical Center, Geneva, Switzerland

3Department of Cell Physiology and Metabolism, Geneva Medical Center, Geneva, Switzerland

T. L. and S. K. contributed equally to this work.

Title: Isolation of Human Myoblasts, Assessment of Myogenic Differentiation, and Store-operated Calcium Entry Measurement
Corresponding Authors: 
maud.frieden@unige.ch
Authors:

thomas.laumonier@unige.ch
stephane.konig@unige.ch
sophie.sauc@unige.ch
Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? ___6th and 7th floor of the same building 
D.  Which steps of your protocol will viewers benefit most from having filmed? 2.1 / 2.2 / 2.4 / 3.3 / 5.7 / 6.2
1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to obtain a pure population of human myoblasts from adult skeletal muscle. These cells are used for functional studies such as assessment of myogenic differentiation and measurement of store-operated calcium entry. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Maud Frieden: The main advantage of this technique is that it allows a rapid, simple and reproducible isolation of human primary myoblasts. These myoblasts are then used ex vivo, to study calcium signaling during muscle regeneration.

1.2. Stéphane Koenig: This method can help answer key questions in the muscle field, such as identifying the ionic channels and the transcription factors involved during muscle differentiation. 
1.3. Thomas Laumonier: Though this method can provide insight into gene functions during human myogenic differentiation, it can also be applied to other studies such as the potential for using myogenic stem cells to treat muscular dystrophies.

E.  Ethics title card:
1.4. All methods relating to the human study were performed in accordance with the guidelines and regulations of the Swiss Regulatory Health Authorities and approved by the Commission Cantonale d’Ethique de la Recherche from the Geneva Cantonal Authorities, Switzerland (protocol CER n° 12-259). Informed and written consents were obtained from all adult subjects involved in the study. 

Protocol: (read by voice talent at JoVE)
2. Dissociation Protocol
2.1. Transfer the muscle sample into a sterile 6-cm plate. [1.WID-TXT] Wash the sample with PBS twice, remove any remaining adipose tissue and weigh the sample. [2.MED-TXT] Next, add trypsin and mince the muscle into pieces smaller than 2-mm in size. [3.CU-TXT]
2.1.1. Loading a sample from storage to a 6-cm dish, TEXT: 2 – 3 g
2.1.2. Talent washes sample with PBS once, then inspects to remove fat, TEXT: Wash 2X with PBS
2.1.3. Mincing the sample into ≤ 2-mm pieces, TEXT: 5 mL 0.05% trypsin-EDTA
2.2. Once minced, use a 10-mL pipette to transfer the tissue [1.CU] into a 200-mL dissociation bottle containing a stir bar. Then continue collecting minced tissue in trypsin solution [2.MED] until the dissociation bottle is filled to 90 mL. [3.CU]
2.2.1. Aspirating tissue and solution from dish, much of the tissue should remain
2.2.2. Adding solution+tissue to the bottle, then adding more trypsin solution to dish
2.2.3. Removing last aliquot of trypsin added to the dish to finish loading bottle with 90 mL of solution, focus on volume of solution in bottle
2.3. Now, incubate the tissue in a water bath at 37 °C for 60 minutes [1.MED] with gentle stirring [2.?]. After an hour, add 10 mL of FCS to stop the reaction and homogenize the mixture using trituration. [3.MED-TXT]
2.3.1. Loading the bottle into water bath

2.3.2. CU: starting the stir bar spinning {added shot}

2.3.3. Adding FCS to bottle and triturating the mixture, TEXT: 10% final volume of fetal calf serum (FCS) 
2.4. Now, load 70-micron strainers onto two 50-mL tubes and [1.MED] pass half of the cell suspension through each strainer by pipetting the suspension into the filters. [2.CU]
2.4.1. Loading strainers onto two tubes
2.4.2. Moving homogenized solution through one of the filters by pipetting the solution on/off the filter  
2.5. Next, make a suspension of the cells in growth medium [1.MED-TXT] and plate 200 thousand cells onto a 6-cm plates with 4 mL of medium. [2.CU] Incubate the plates, changing the medium every third day.  [3.MED-TXT]
2.5.1. Any representative step from making suspension of cells in medium, TEXT: See the text protocol for details.
2.5.2. Adding cell suspension aliquots to 6-cm plates, then loading added medium to make 4 mL / plate

2.5.3. Changing the media on a 6-cm plate of cells, TEXT: Replace media / 3 days

2.6. After five to seven days, the cells should be 70 to 80% confluent. Then, stain them. [1.ECU]

2.6.1. Detailed view of plate after cells are confluent
3. Antibody Staining and Cell Sorting
3.1. To begin, rinse the plate of confluent cells with PBS.  [1.WID] Then add 1 mL of trypsin solution and let the enzyme work for 3 minutes.  [2.MED-TXT]
3.1.1. Rinsing plate with PBS
3.1.2. Adding 1 mL of trypsin solution to plate and starting timer, TEXT: 0.05% Trypsin-EDTA at 37 °C and 7% CO2 for 3 min

3.2. Stop the reaction by adding 2 mL of medium and collect the cells in a 15-mL tube. [1.MED] Then, spin the cells down and re-suspend them in 1 mL of medium. [2.MED-TXT]  Next, take a cell count while storing the cells on ice. [3/4.MED] 
3.2.1. Adding 2 mL of medium to plate and then collecting cells/medium from plate into 15 mL tube

3.2.2. Removing supernatant from tube with cell pellet, adding 1 mL medium to tube and re-suspending cells into medium, TEXT: 200 x g for 5 min
3.2.3. Talent working with suspension of cells stored on ice, adds an aliquot to a cell counting slide

3.2.4. Focuses on slide at microscope {new shot}

3.3. For the FACS analysis, load seven tubes with 100 thousand cells each. [1.MED] Load the remaining cells into an eighth tube for sorting. [2.CU]
3.3.1. Loading the seven tubes with cells 

3.3.2. Row of tubes with 100,000 cell each and the 8th tube containing remaining cells, all tubes on ice.
3.4. Wash the cells with 1 mL of cold FACS buffer.  [1.MED] Then, centrifuge the tubes…[2.?] and aspirate and discard the supernatant. [3.MED-TXT] Add back 200 μL of FACS buffer with the appropriate antibodies and let the cells incubate on ice for 30 minutes. [4.CU-TXT]
3.4.1. Adding FACS buffer to the tubes

3.4.2. Removing tubes from centrifuge TEXT: 200 x g, 4 º C, 5 min
3.4.3. Removing the supernatants {new shot}

3.4.4. Adding FACS buffer + antibody to the tubes, TEXT: See the text protocol for antibody suggestions.
3.5. After 30 minutes wash the cells again and resuspend them in 500 µL of FACS buffer, [1.MED-TXT] then, sort the cells using a flow cytometer.  [2.WID-TXT]
3.5.1. Adding FACs buffer back to cell pellets in tubes, TEXT: 200 x g, 4 º C, 5 min
3.5.2. Mixing cells in tubes into solution, TEXT: See the text protocol for details.
3.6. After excluding the CD45-positive hematopoietic cells, [1.LM] separate the CD45-negative cells based on CD56 expression. [2.LM] Then, gate the CD56-positive population for CD34, CD144, and CD146. Reanalyze a fraction of the sorted population to check the purity.  [3.LM]
3.6.1. Fig 1 – bottom left graph
3.6.2. Fig 1 – bottom middle graph
3.6.3. Fig 1 – bottom right graph
3.7. Now, pool the human myoblasts and wash them with 5 mL of medium.  [1.MED-TXT] Then, resuspend them in 1 mL of medium. [2.CU] Transfer the suspension to a 6-cm plate with 4 mL of medium and incubate the plate at 37 °C with 7% carbon dioxide.  [3.MED]
3.7.1. Pool cells into one tube, TEXT: 200 x g, 20 ºC, 5 min
3.7.2. Adding 1 mL of medium to pellet of myoblasts and mixing cells into suspension
3.7.3. Loading suspension on 6-cm plate, adding medium to 4 mL
4. Transfection
4.1. For this procedure, have cultured myoblasts [1.WID] and make fresh transfection medium. Incubate the medium at room temperature for 15 to 20 minutes. [2.MED-TXT]
4.1.1. Establishing shot of talent mixing the transfection medium
4.1.2. Finishing addition of solutions for transfection medium and mixing, TEXT: 15 – 20 min, RT
4.2. During the medium incubation, prepare the myoblasts. [1.WID] First, rinse them once with PBS.  Then, trypsinize the adherent cells. [2.MED-TXT]
4.2.1. Removing cells from incubator and taking to bench

4.2.2. Finishing wash of cells with PBS and then adding trypsin solution, TEXT: 1 mL of 0.05% Trypsin-EDTA at 37 °C and 7% CO2 for 3 min.

4.3. Stop the reaction by adding 2 mL of medium. Then, collect the cells into a 15-mL tube, [1.MED] spin them down…[2.MED-TXT] and resuspend them in 1 mL of medium [3?]. 

4.3.1. Adding medium to the plate and collecting cells+medium to 15 mL tube

4.3.2. Removing tube from centrifuge, TEXT: 200 x g for 5 min

4.3.3. Discarding supernatant and adding 1 mL medium {new shot}
4.4. For each transfection, prepare 500 thousand cells in 200 µL of medium. [1.MED] To each 500 µL of transfection medium, add 200 µL of aliquot of cells and then mix using only two strokes of the pipette gun. [1.MED] Then, let the reactions proceed for five minutes at room temperature.  [3.MED-TXT]

4.4.1. Adding a precise volume of medium to cells in suspension and mixing

4.4.2. Adding cell suspension to transfection medium and mixing with TWO STROKES of pipette gun {change the order}
4.4.3. As above, TEXT: 5 min, RT

4.5. After five minutes, transfer the reactions to 3.5-cm culture dishes, each containing one glass coverslip. [1.CU] Next, add 1.3 mL of medium for a final volume of 2 mL and incubate the dishes. [2.MED-TXT]
4.5.1. Coverslip being placed in dish, then adding transfection reaction to dish containing coverslip
4.5.2. Adding medium to dish and covering, TEXT: 37 °C and 7% CO2​, see the text protocol for differentiation details.
5. Ca2+ Imaging in Differentiated Cells and Image Analysis
5.1. After 48 hours of differentiation, the cells can be immunostained or analyzed using calcium imaging.  [1.WID] For either option, first carefully wash the cells twice using 1 mL of room temperature PBS per wash. [2.MED-TXT] Try to avoid detaching the myotubes. [3.CU]
5.1.1. Establishing shot, talent removing cells from incubator and taking to bench
5.1.2. Performing a PBS wash, TEXT: Wash 2x
5.1.3. Carefully removing PBS from the plate
5.2. [1.WID] For calcium imaging, cover the washed cells with 2 µM Fura-2/AM plus 1 µM pluronic acid [2.MED] in calcium-containing medium. Then, let them incubate for about 30 minutes, before mixing [3.MED-TXT]
5.2.1. Any representative action of immunostaining, like a washing step {remove the entire step}
5.2.2. Loading a pipette with 2 µM Fura-2/AM plus 1 µM pluronic acid in calcium-containing medium and mix {new procedure}
5.2.3. Adding 2 µM Fura-2/AM plus 1 µM pluronic acid in calcium-containing medium to cells, covering cell TEXT: dark, RT, 30 min
5.3. Next, wash the cells twice with unmodified calcium-containing medium [1.CU-TXT] and, then, incubate them for 10 to 15 minutes for de-esterfication. [2.MED-TXT]
5.3.1. Detail of cells being washed with medium, TEXT: Wash 2X

5.3.2. Covering the washed cells and starting a timer to let them incubate at RT, TEXT: dark, RT, 10 – 15 min
5.4. Now, remove a coverslip from a culture plate [1.MED] and install it into the experimental chamber. Load the chamber with calcium-containing medium, [2.CU], place it under a microscope and start the data recording. [3.MED]
5.4.1. Picking coverslip out from plate

5.4.2. Placing coverslip into chamber, then loading the chamber with medium

5.4.3. Positioning the chamber on microscope stage and talent turns to computer to start recordining
5.5. Fura-2 is excited alternately at 340 and 380 nm—the emission light is collected at 510 nm. Dividing the 340-nm-nm-images by the 380-images provides the image ratios. As the fluctuations in calcium concentration are relatively slow, acquire one image ratio every two seconds. [1.SCREEN]
5.5.1. To be provided by authors – a screen capture of Fura-2 activity in prepared cells, about 40 seconds long.  Take the video from what is seen in real time on the computer monitor when the cells are first being imaged
5.6. After two or three minutes, replace the medium with calcium-free medium. [1.CU] Then, for one or two minutes monitor the activity of the store-operated calcium in the cells. [2.MED]
5.6.1. Removing media from chamber, show that this is all done on the stage, then adding back new medium
5.6.2. Talent ejects pipette tip to waste, recaps media bottle and turns attention to the computer monitor
5.7. Next, add 1 µM Thapsigargin to the cells to deplete their internal calcium stores.  Wait eight to ten minutes. [1.CU-TXT] Then, rapidly replace the medium with the calcium-containing medium [2.MED] and record for five minutes while calcium enters the cells via the SOCE (soc-E) channels. [3.SCREEN]
5.7.1. Taking aliquot of Thapsigargin and adding to the chamber, TEXT: 8 – 10 min
5.7.2. Replacing the medium in the chamber with Ca2+ containing medium
5.7.3. To be provided by authors – a screen capture of Fura-2 activity in prepared cells, about 15 seconds long of what is seen in real time on the computer monitor while Ca2+ reenters cells after depletion
5.8. After terminating the experiment, analyze the images. [1.MED]
5.8.1. Talent opening the images in the image analysis software
5.9. Select an area where there are no cells for “region 1”, which defines the background.  Then, select an area in the cytoplasm for “region 2.”  The two regions can be drawn on any of the images in the series. [1.SCREEN]
5.9.1. To be provided by authors – a screen capture of selecting and defining the two areas: region 1 and region 2
5.10. Next, go to the “Run experiments” tab and select “reference images.” For the 340 and 380 channels, select “region 1”.  Then, click on “Subtract background.” [1.SCREEN]
5.10.1. To be provided by authors – a screen capture of setting the reference image for the 340 and 380 channels to region 1, then subtracting background.
5.11. Now, run the entire experiment to remove the background from all the images. Once completed, click “Log data” option to open a spreadsheet in which the time and the ratio data are logged.  [1.SCREEN]
5.11.1. To be provided by authors – a screen capture of the removing the background from all the images, then using the log data command to view spreadsheet of the data.
6. Results: Myoblast Characterization and a SOCE Experiment 
6.1. Muscle cells were grown up, expanded and sorted using FACS.  Myoblasts represented more than 60% of the analyzed population.

6.1.1.  Figure 1 – bottom row, 3 graphs plus transition arrows
6.2. The primary human myoblasts were then cultured in differentiation medium and immunostained for the transcription factor MEF2 and myosin heavy chain proteins.  [1.LM] A majority of cells expressed myosin heavy chain and formed myotubes, with fusion index values of about 60%.  The other 40% of the cells remained undifferentiated, mononucleated cells, also known as reserve cells. [2.LM]
6.2.1. Figure 2A – remove ‘A’, zoom in on lower right graph after about half the narrative
6.2.2. Fig 2B – remove ‘B’
6.3. The described store-operated calcium entry experiment was successfully performed on the differentiated cells. 
6.3.1. Figure 3A – do not animate, remove ‘A’
6.4. Performing the same experiment on cells transfected with small interfering RNA directed against calcium-permeable channels of the TRPC family, shows that the knockdown [1.LM] had a measurable impact on store-operated calcium entry. [2.LM]
6.4.1. Fig 4A – remove ‘A’, begin with the graph only showing data in black, at “on cells” add the blue data and at “directed” add the red data.
6.4.2. Fig 4B – remove ‘B’, make all three bars grow up from the X-axis at an even speed.

7. Conclusion (said by authors on camera)
7.1. Maud Frieden: After watching this video, you should have a good understanding of how to isolate human myoblasts from adult skeletal muscle. We use these cells to study the successive steps of muscle differentiation and, in particular, the activation of the transcription factors and calcium channels. 

7.2. Thomas Laumonier: Once mastered, this technique can be done in less than 3 hours if it is performed properly. It is a rapid, simple, reproducible method that obtains a high yield of human myoblasts.

7.3. Stéphane Koenig: While attempting this procedure, it is important to prevent the myoblast cultures from reaching full confluence or there will be unwanted, spontaneous differentiation.
Provided Media
2.5 – 0328 Frieden_Figure 1.tif- image of cell culture 2 days after dissociation at 10X
3.1 – 0328 Frieden_Figure 2.tif-image of cell culture 6 days after dissociation, just before cell sorting at 10X

5.1 – 0.328 Frieden_Figure 3.tif-image of cell culture 2 days after the initiation of differentiation 10X

5.3 – 0.328 Frieden_Figure 4.tif-fluorescent image of cell culture stained against DAPI, MEF2 and MyHC at 20X
Authors, please provide the specific figure panels that will be used as separate images, eg. Fig 4A and Fig 4B are two separate TIFF images to generate and upload.
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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