DRAFT: DO NOT USE FOR FILMING

Submission ID #: 58528
Editor Name: Michael Linnes
Videographer name: Michael Schmidt-Olsen
Film Date: TBD
Link: http://www.jove.com/files_upload.php?src=17851088 
Authors and Affiliations: Tirthankar Mohanty and Pontus Nordenfelt
Lund University, Department of Clinical Sciences, Division of Infection Medicine, BMC B14, Lund, Sweden
Title: Automated Image-Based Quantification of Neutrophil Extracellular Traps Using NETQUANT

Corresponding Author: 

Tirthankar Mohanty

+46 222 07 23

tirthankar.mohanty@med.lu.se
Co-authors:

Pontus Nordenfelt (pontus.nordenfelt@med.lu.se)

Authors, please fill out the brief questionnaire below.   
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  

Can you record movies/images using your own microscope camera? (Y/N)___Y______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

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

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.) _______Steps -2.3, 2.4, 3.1, 3.2, 3.3 ____________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) _________Steps – 2.3, 2.4__________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author is giving interview statements, the same author may speak both statements. Please restrict the length of each statement to no more than 30 words.
1.1. Pontus Nordenfelt: Here we present NETQUANT, a fully automated approach to quantify NETs in immunofluorescence images. This will help researchers in making comparable image analysis from data generated by multiple users and conditions.    
1.2. Tirthankar Mohanty: The advantages of this technique are the ease of use, single-cell data analysis, multiple criteria for evaluating NET formation and an unbiased analysis of multiple images.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: The following statements may be spoken by additional authors if desired. These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 
1.3. Author Name: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  

1.4. Author Name: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author Name: Generally, individuals new to this method will struggle because ______________.

1.6. Author Name: Visual demonstration of this method is critical as the ______________ steps 
are difficult to learn, because _______________.   
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Authors: If any individuals will be doing demonstrations on camera but are not assigned a speaking part in the introduction section, please use statement 1.8 to introduce these individuals (for example, the PI introduces a student not speaking on camera). Please use this statement ONLY if the demonstrator has not given an interview statement and limit the statement to no more than 30 words.
1.7. ** Pontus Nordenfelt: Demonstrating the procedure will be Tirthankar Mohanty. (Add additional mention of demonstrators as necessary).  

1.7.1. Interview style: Author saying the above 

1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions. 
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 (marked with two-digit numbers, e.g. 2.1., 2.2.) and 60 "shots" (designated by a three-digit number, e.g. 2.1.1, 2.2.2). 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. Analysis and Quantification of Neutrophil Extracellular Traps (NETs)
2.1. Install and open the analysis software. [1-MED Over the Shoulder] In the “Setup” tab, choose a source folder for analysis by clicking the “Get path” option in the source menu. Select the folder containing the image sequences to be analyzed. [2-SCREEN]
2.1.1. Talent opens the software while sitting at the computer

2.1.2. Screen capture video as talent performs the above software steps in the order listed. (Author: Please submit the above screen capture video as 58528_ Mohanty_2_3_2.mov/mp4 to your unique upload page.)
2.2. Again, click on the “Get Path” option in the target menu and select the target folder for saving the data following image analysis. [1-SCREEN]
2.2.1. Screen capture video as talent performs the above software step. (Author: Please submit the above screen capture video as 58528_ Mohanty_2_4_1.mov/mp4 to your unique upload page.)
2.3. Next, name the channels so that the ‘DNA channel’ corresponds with the nuclear DNA stain and the ‘NET-channel’ depicts the neutrophil elastase stain in the images. Also, name the folder containing the control image files as ‘control’.  [1-SCREEN]
2.3.1. Screen capture video as talent enters the naming information. (Author: Please submit the above screen capture video as 58528_ Mohanty_2_5_1.mov/mp4 to your unique upload page.)
2.4. Next, click the “Load image information” button and load the image metadata into the software. Then, in the “Channel order” submenu, select the correct channel order contained in the images. This helps to prevent accidental mismatches. [1-SCREEN]
2.4.1. Screen capture video as talent performs the above software steps in the order listed. (Author: Please submit the above screen capture video as 58528_ Mohanty_2_6_1.mov/mp4 to your unique upload page.)
2.5. Now, click on the “Prepare data” button to acquire primary image properties from the raw data and convert the images. The converted images will then appear in the “Sample type” sub-menu. [1-SCREEN]
2.5.1. Screen capture video as talent performs the above software step. (Author: Please submit the above screen capture video as 58528_ Mohanty_2_7_1.mov/mp4 to your unique upload page.)
2.6. Click on the Sample type menu, select an image from the sub menu, and click on “Display image data” to display the images split into the DNA and neutrophil extracellular trap, or NET channel, respectively. [1-SCREEN]
2.6.1. Screen capture video as talent performs the above software step and then navigates the images. (Author: Please submit the above screen capture video as 58528_ Mohanty_2_8_1.mov/mp4 to your unique upload page.)
3. Segmentation of Cells in the DNA Channel and the NET Channel

3.1. To segment the cells into their respective channels, select the segmentation method tab and select “adaptive” in the “Method” sub menu in both the “DNA” and the “NET” channels. [1-SCREEN]
3.1.1. Screen capture video as talent performs the above software step. (Author: Please submit the above screen capture video as 58528_ Mohanty_3_1_1.mov/mp4 to your unique upload page.)
3.2. Tirthankar Mohanty: “The default method of segmentation is set to “adaptive” and is the recommended setting. Other options are also available including global, edge, and Chan-Vese. A watershed option is also included to help distinguish between closely placed cells or NETs.”[1-INT]
3.2.1. Author performs the above statement interview style
3.3. Also in the “Segmentation” tab click on the “Segment control samples” "option. Then, select “PMA” from the sample type sub-menu and click on the “Batch” option to begin segmentation of all images included in the data set. [1-SCREEN]
3.3.1. Screen capture video as talent performs the above software steps. (Author: Please submit the above screen capture video as 58528_ Mohanty_3_3_1.mov/mp4 to your unique upload page.)
3.4. Next, select the images in the sample type menu and click on the “Display image data” button to visualize and validate the binary image masks for both the DNA and NET masks generated post-segmentation. [1-SCREEN]
3.4.1. Screen capture video as talent performs the above software step and views the images. (Author: Please submit the above screen capture video as 58528_ Mohanty_3_4_1.mov/mp4 to your unique upload page.)
4. Single-cell Analysis of Identifiable Properties

4.1. Now, in the analysis tab, click on the “Determine threshold” button to analyze the control samples.  [1-SCREEN]
4.1.1. Screen capture video as talent performs the above software step. (Author: Please submit the above screen capture video as 58528_ Mohanty_4_1_1.mov/mp4 to your unique upload page.)
4.2. Then, on the right hand side, change the sample type to PMA and click the “Get cell properties” button to complete analysis of the stimulated samples. [1-SCREEN]
4.2.1. Screen capture video as talent performs the above software step. (Author: Please submit the above screen capture video as 58528_ Mohanty_4_2_1.mov/mp4 to your unique upload page.)
4.3. Next, select an image from the “Sample type” sub-menu and click on the “Display image data” button to display the overlay and the number of cells and NET forming cells in the image. [1-SCREEN]
4.3.1. Screen capture video as talent performs the above software step. (Author: Please submit the above screen capture video as 58528_ Mohanty_4_3_1.mov/mp4 to your unique upload page.) 
5. Comparison of Cell properties to Identify NET-forming Cells

5.1. Begin by selecting the sample from the sample type sub-menu. Individual images can be selected from the sample type sub-menu for analysis or the entire batch of images can be analyzed by selecting the batch option. Once selected, click on the “Analyze NETs” button to complete the analysis. [1-SCREEN]
5.1.1. Screen capture video as talent selects 1 sample, then selects an entire batch of samples, turns on the batch option and performs batch analysis. (Author: Please submit the above screen capture video as 58528_ Mohanty_5_1_1.mov/mp4 to your unique upload page.)
5.2. Adjust NET criteria manually to yield optimal results for a given sample. Compare identified NETs with the original images to assess the quality of identification. [1-SCREEN]
5.2.1. Screen capture video as talent enters in the net criteria and moves pointer over output. (Author: Please submit the above screen capture video as 58528_ Mohanty_5_2_1.mov/mp4 to your unique upload page.)
5.3. Tirthankar Mohanty: “Once completing this step, the NET criteria can be used across all images in the data set. Any changes in the NET-criteria are applied simultaneously across all control samples. This limits the possibility of any potential differences that may arise due to over-fitting of the NET parameters.”[1-INT]
5.3.1. Talent says the above statement interview style
5.4. Inspect the data summary in the “Cell data” sub-menu where the number of images, cell count per image and percentage of NETs per image are displayed. [1-SCREEN]
5.4.1. Screen capture video as talent hovers the mouse over the “cell data” label and the sub-categories from left to right. (Author: Please submit the above screen capture video as 58528_ Mohanty_5_4_1.mov/mp4 to your unique upload page.)
6. Result Outputs demeanor 
6.1. Enter the “Output” tab to select and view the result outputs.  Explore and compare the various data outputs generated from the analysis of control and PMA treated samples by selecting the form of the output and clicking on the “Output results” button. [1-SCREEN]
6.1.1. Screen capture video as talent performs the above step in the order listed. (Author: Please submit the above screen capture video as 58528_ Mohanty_6_1_1.mov/mp4 to your unique upload page.)
6.2. Next, launch the “Method file” and click on the “Results data table” to visualize the NET area distribution and DNA to NET ratio in the samples. The red line indicates the threshold value in the graphs. [1-SCREEN]
6.2.1. Screen capture video as talent performs the above step in the order listed. (Author: Please submit the above screen capture video as 58528_ Mohanty_6_2_1.mov/mp4 to your unique upload page.)
6.3. Finally, click on the “Bivariate distribution” file to determine the NET area versus shape of DNA.  [1-SCREEN]
6.3.1. Screen capture video as talent performs the above step in the order listed. (Author: Please submit the above screen capture video as 58528_ Mohanty_6_3_1.mov/mp4 to your unique upload page.)
OPTIONAL: Author Protocol Interviews: In this section, please submit a brief statement stressing the required technique for the single most critical step of the procedure.  This will be an interview style shot, interjected into the appropriate point of the protocol section of the video. If there is no single critical step, then there is no need to fill this out.  If there are two critical steps, please fill out two statements, but this is the maximum.  Each statement, should be 40 words or less.  Please specify who will speak these parts and which step(s) in the protocol the statement pertains to.  Use the step numbers given above.
Author name, Step            :     (write your 1st  optional statement here)    

Author name, Step            :     (write your 2nd optional statement here)    

7. Results: Analysis of NET Formation
7.1. Here 15 images of control neutrophils and 15 images of PMA-stimulated neutrophils were analyzed in under 10 minutes.  The total number of cells were counted and the percentage of cells with neutrophil extracellular traps was determined using the automated quantification method described in this article.[1-LM]
7.1.1. Figure 6a (Video Editor: Highlight the control column with the first half of the first sentence, and the PMA column with the 2nd half of the first sentence. Highlight the “Total cell count” row with the words “The total number of cells were counted” and highlight the NETs% row with the words “the percentage of cells with neutrophil extracellular traps was determined”)

7.2. These results show that PMA-stimulated neutrophils have a larger area…[1-LM] an increase in nuclear deformation… [2-LM] and a higher DNA to NET ratio than control samples.[3-LM]
7.2.1. Figure 6b top row

7.2.2. Figure 6b middle row

7.2.3. Figure 6b bottom row

7.3. When combined into a 3D graph, the PMA-stimulated samples tend to show areas of tighter groupings than the control samples.[1-LM] (Authors: Please confirm this statement) – We confirm this statement to be true. 
7.3.1. Figure 6c
RESULTS INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors will ensure 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.  The results section is limited to 200 words total. If your results section contains more than 3-4 figures, please choose the most important figures to illustrate your results. Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image. Each image or movie file supplied for the video results section should be referenced by its specific file name.
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/video/1597/results-example-mably?status=a3603k
8. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Please choose the statement(s) you wish to conclude the video and indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the given prompts as necessary to better fit your protocol.

8.1. Tirthankar Mohanty: While attempting this procedure, it’s important to remember that although the work flow was found to be robust using multiple donors, it is recommended that the user should decide the software parameters appropriately based on the individual sample set.
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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 are included in the email accompanying the finalized script.
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