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Authors, please check the answers to the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.3, 2.4, 2.6, 3.2, 3.3, 3.4, 4.2, 4.4, 5.1, 5.2.
D.  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. (Please do not list entire sections.) Making sure that the scratches are consistently generated (practice and be consistent!), ensuring that the microscope images are consistent and span the length of the scratch.
E.  Will the filming need to take place in multiple locations? (Y/N) _Y______ If yes, how far apart are the locations? _Same building, one floor apart._

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this assay is to detect changes in the migratory capacity of lung mesenchymal stromal cells after damage with soluble cigarette smoke extract. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nick Cormier: This method can help answer key questions in lung regenerative biology, such as how migratory capacity of lung progenitor cells may be improved after damage to aid in lung repair. 
1.2. Alex Yeo: The main advantage of this technique is that it has been optimized to provide better quantitative measurements of cell migration, while still being economical to perform, and easy to customize.   


Protocol (read by voice talent at JoVE):

2. Creating the Scratch 

2.1. In this demonstration, the scratch assay will be used to quantify the migratory capacity of murine lung mesenchymal stromal cells, or MSCs, after exposure to soluble cigarette smoke extract. The MSCs are grown in complete media on 60-mm plates and damaged as described in the protocol text. [2.1.1 – MED] 

2.1.1. Talent retrieving 60-mm plates from incubator.

2.2. An appropriate confluence is important for the scratch assay because it ensures that the imaging software can correctly identify the boundaries of the scratch. [2.2.1 – MED] This example shows MSCs at 95% confluence, appropriate for scratching. [2.2.2 – LM] 

2.2.1. Talent checking cells under the microscope.
2.2.2. panel A only of Figure 1.jpg

2.3. In a sterile environment, remove the lid from a plate of damaged MSCs, [2.3.1 – MED] and lay a straight edge, such as a sterilized plastic ruler, across the top rim of the plate. A straight edge minimizes the amount of rotational adjustments needed for the plate when it is later placed on the microscope stage for imaging. [2.3.2 – CU]

2.3.1. Talent at the hood, removing lid from a 60-mm plate.
2.3.2. A sterilized plastic ruler being placed across the top rim of the plate.

2.4. Without removing the media, use a sterile 200-µL pipet tip guided by the sterile straight-edge to make four parallel scratches across the plate approximately 5 mm apart and 50 mm long. Generating multiple scratches on a 60-mm plate does not alter the microenvironment in a way that affects cell migration for MSCs, but may be a consideration for other cell types. [2.4.1 – CU]

2.4.1. 200-µL pipet tip being used to make 4 parallel scratches across the plate.

2.5. Aspirate the media and gently wash the plate with 2 mL of pre-warmed complete media. This prevents cells from adhering to the center of the scratch, and removes cells that have been loosened by the scratching. [2.5.1 – MED] Replace with 4 mL of fresh complete media. [2.5.2 – CU]

2.5.1. Talent aspirating media from the 60-mm plate and then adding 2 ml complete media to the plate.
2.5.2. Complete media being aspirated and then 4 ml of fresh complete media is added.

2.6. Using a sterile permanent marker, label each scratch from 1-4 on the underside of the plate at locations that will not interfere with imaging the scratches. [2.6.1 – CU]

2.6.1. *film as written.

3. Taking Initial Images of the Scratch

3.1. Initial images of each scratch must be taken because it is important that images from the same scratch are compared before and after migration, since there can be variation in scratch width. If the scratch assay is performed on multiple plates, it is recommended that initial images of all the scratches on a single plate are taken before scratches are made on the next plate. [3.1.1 – WIDE/MED] 

3.1.1. Talent taking the plate to the inverted phase contrast microscope.

3.2. Use an inverted phase contrast microscope with a camera to acquire the images needed for analysis. [3.2.1 – multiple takes- MED] Position the culture plate on the microscope, and use the low power objective to locate scratch #1. [3.2.2 – CU]

3.2.1. Multiple takes from different angles of talent putting the plate on the microscope stage.
3.2.2. Culture plate is positioned and then the 10X objective is selected.

Broken into 2 different shots – selecting 10x magnification, then positioning plate.

3.3. It is imperative that the scratch appears completely horizontal on the screen. [3.3.1 – LM] While keeping the scratch completely horizontal and in the center of the field of view, obtain as many images as necessary to encompass 90% of the scratch’s length. [3.3.2 – multiple takes-MED]

3.3.1. panel A of Figure 2.jpg
3.3.2. Multiple takes from different angles of talent taking pictures of the scratch.  Please include shots that do not capture the images on the monitor associated with the camera, only the talent at the microscope taking pictures of the plate (to be used for 5.2.1)

Shot of culture plate being moved onto microscope

3.4. Obtain images of distinct portions of the scratch with no overlap between images. Do not take images from the first and last 5% of the scratch’s length because the refraction of light at the edges of the culture dish overexposes the images, making them impossible to analyze. [3.4.1 – LM]

3.4.1. 53414_series of images for 3.4.1.pptx 

3.5. Save images from scratch #1 in a folder.  [3.5.1 – MED] Obtain images for scratches 2, 3, and 4 in the same way [3.5.2 – MED] and save images from each scratch in a separate folder. [3.5.3 – MED]

3.5.1. *film as written.
3.5.2. General over the shoulder footage of talent taking photos from another scratch.
3.5.3. Images from scratch #2 being saved in a folder.
3.5.4. New addition – saving image after migration occurred 

3.6. Return the plates to the incubator immediately after this initial imaging. Let cells migrate for 4-7 hours. [3.6.1 – MED]

3.6.1. Talent putting plate(s) into incubator.

4. Analyzing Initial Scratch Images

4.1. Prior to starting this assay, download the Image J software and install the Wound Healing Tool plugin. [4.1.1 – MED] 

4.1.1. Talent at the computer starting the preinstalled Image J software.

4.2. Open the image file in Image J. [4.2.1 – SCREEN CAPTURE] Then click “Process” and “Find Edges” to highlight the cells surrounding the scratch for the Wound Healing Tool to calculate the scratch area. [4.2.2 – SCREEN CAPTURE] Click “Image”, “Adjust”, and “Color Threshold” and in the dropdown menu labeled “Threshold Color”, change the value to “B&W.” [4.2.3 – SCREEN CAPTURE]

4.2.1. Image file being opened.
4.2.2. “Process” and “Find Edges” are clicked to highlight cells.
4.2.3. “Image”, “Adjust”, and “Color Threshold” being clicked, followed by value being changed to “B&W.”

4.3. Within the “Color Threshold” menu, move the bottom slider completely to the right to make the image completely black, and then adjust the top slider to generate maximum contrast between the scratch and cell front. [4.3.1 – SCREEN CAPTURE]

4.3.1. Screen capture as written.

4.4. Slowly adjust the top brightness slider from left to right until the image cleanly displays the contour of the scratch. [4.4.1 – SCREEN CAPTURE] Once the edges of the scratch have been identified, click “More Tools” in the Image J toolbar, select “MRI_Wound_Healing_Tool” from the dropdown menu, and press the “m” button to highlight the scratch area [4.4.2 – SCREEN CAPTURE] and output the computed area in a results pop-out window. [4.4.3 – SCREEN CAPTURE] 

4.4.1. Top brightness slider being slowly adjusted from left to right until the image cleanly displays the contour of the scratch.
4.4.2. “More Tools” is clicked, “MRI_Wound_Healing_Tool” selected from dropdown menu, and “m” button is pressed to highlight the scratch area.
4.4.3. Results pop-out window appearing.

4.5. Copy and paste all numbers from the results window into an excel spreadsheet. Make sure to separate data from individual scratches. [4.5.1 – MED]

4.5.1. Talent copying and pasting numbers from the results window into an excel spreadsheet.

5. Taking Final Images of the Scratch and Analyzing Final Scratch Images

5.1. After the cells have migrated for 4-7 hours, [5.1.1 – MED] repeat the image acquisition procedure for the scratches. [5.1.2 – reuse shot] 

5.1.1. Talent retrieving plates from incubator.
5.1.2. Use shot from 3.2.1. 

5.2. Image the plates in the same order they were scratched so that cells on each plate have had equal time to migrate. The cells can be imaged at multiple time points, depending on their sensitivity to both temperature and pH changes. [5.2.1 – reuse shot]

5.2.1. Use shot from 3.3.2 that does not include the image on the monitor.  (Note to video editor: in reality, the cells on the plate will look different after migration but since we are reusing the shot of the talent taking photos of the plate, we don’t want to show the image of the cells)

5.3. The final scratch images are then analyzed using Image J in the same way as demonstrated for the initial scratch images.  Scratch areas can also be calculated to quantify migration. [5.3.1 – MED-TXT] 

5.3.1. General footage of talent at computer analyzing an image in Image J. TEXT: Refer to protocol text for calculating scratch area to quantify migration.

Multiple takes of analyzing before migration photos over the shoulder.


[bookmark: _GoBack]
6. Results: migratory capacity of murine lung MSCs is altered after damage with cigarette smoke extract

6.1. Correct confluence is critical for the success of the scratch assay. A successful scratch of murine lung MSCs at 95% confluence is shown here. [6.1.1 – LM] In contrast, a 70% confluence is too low for a successful scratch and can produce false boundaries. [6.1.2 – LM] 

6.1.1. panels A and B of Figure 1.jpg
6.1.2. panels C and D of Figure 1.jpg

6.2. These are representative pre-migration [6.2.1 – LM] and post-migration original images [6.2.2 – LM] with corresponding scratch area boundaries as defined by the imaging software. [6.2.3 – LM] 

6.2.1. panel A of Figure 3.jpg
6.2.2. add panel C of Figure 3.jpg
6.2.3. add panels B and D of Figure 3.jpg

6.3. These graphs show the average calculated scratch area in pixels for each of 4 scratches made across a plate of murine lung MSCs at 95% confluence either before or after migration, [6.3.1 – LM] with exposure to either 0% [6.3.2 – LM] or 4% cigarette smoke extract. [6.3.3 – LM]

6.3.1. 53414_Figure 4_updated_5-29-15.jpg
6.3.2. highlight ‘Before 0% After 0%’ at the bottom of panel A of 53414_Figure 4_updated_5-29-15.jpg
6.3.3. highlight ‘Before 4% After 4%’ at the bottom of panel B of 53414_Figure 4_updated_5-29-15.jpg

6.4. A comparison of the calculated average change in scratch area revealed less migration of murine lung MSCs after exposure to 4% cigarette smoke extract.  [6.4.1 – LM]

6.4.1. panel C only of 53414_Figure 4_updated_5-29-15.jpg



7. Conclusion (said by authors on camera)
7.1. Alex Yeo: While attempting this procedure, it’s important to remember to optimize and carefully monitor cell confluence for the particular cell type you are working with, and practice generating the scratches to ensure that they are as uniform as possible.
7.2. Nick Cormier: Following this procedure, other methods like immunohistochemistry can be performed in order to answer additional questions about alterations in protein expression that may affect cell migration.
   




Provided Media
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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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