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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
2. Does your protocol include 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.
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.
Step 2.13
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. 
Steps 2.13 and 2.19.1
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 2


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.
[bookmark: _GoBack](Author Comment: We kept largely to the script. There may be some very slight variations.  We were not informed that we needed to note specific changes, so we did not keep track)

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

1.1. Dr. John Schmidt: This protocol, the in vitro invasion assay, is an important tool for quantitatively measuring a cell line’s ability to migrate through a protein-rich matrix and pass through a porous membrane in a process similar to the early steps of cancer cell invasion [1].  

1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Dr. Janice Knepper: These cell lines can be genetically altered to either overexpress a gene or have reduced expression of a gene to determine if that gene has a role in altering cell behavior as it relates to cell migration and cell invasion [1].  

1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.3. Dr. John Schmidt: Many aggressive cancers involve dramatic changes in cell behavior including increased migration and invasion, so this in vitro invasion assay can help to better understand the genes and other factors involved in this process [1].

1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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

1.4. All experiments and methods were performed as authorized by Villanova University Institutional Animal Care and Use Committee (IACUC).  



Section - Protocol
2. In vitro Invasion Assay
2.1. To begin this procedure, grow adherent mouse mammary tumor cells in a T25 flask [1-TXT] at 37 degrees Celsius with 5 percent carbon dioxide and 100 percent humidity until they are 70 – 90 percent confluent for Day 1 of the experiment [2]. 
2.1.1. MED: Talent approaches the work area, and prepares a T25 flask with adherent mouse mammary tumor cells. TEXT: See text for details on preparing cells. Video Editor: Keep this text overlay up for all of 2.1.
2.1.2. MED: Talent places the flask of cells into an incubator.
2.2. Retrieve the Boyden chamber inserts from storage [1-TXT] and transfer them to a cell culture hood to warm to room temperature for 20 minutes [2]. Use three inserts to generate statistically valid data for each cell line for each experiment [3].
2.2.1. MED: Talent retrieves the Boyden chamber inserts from a freezer. TEXT: Avoid freeze-thaw cycles for unused inserts.
2.2.2. MED: Talent transfers the inserts to a cell culture hood to warm to room temperature.
2.2.3. MED: Talent sets out/separates the inserts after they’ve warmed to room temperature.
2.3. For inserts designed for 24-well dishes, add 500 microliters of pre-warmed serum-free DMEM media to the well [1-TXT], and then add 500 microliters of the pre-warmed serum-free DMEM media to the insert so that the porous membrane and gel are hydrated on both sides [2]. 
2.3.1. CU: Talent adds pre-warmed serum-free DMEM to the well. TEXT: DMEM: pre-warmed to 37 °C; See text for details on using larger inserts. Video Editor: Keep this text overlay up for all of 2.3.
2.3.2. CU: Talent adds pre-warmed serum-free DMEM to the insert.
2.4. Incubate at 37 degrees Celsius with 5 percent carbon dioxide and 100 percent humidity for at least 2 hours [1]. After this, prepare the cells by removing the growth media [2] and rinsing the cells with 5 milliliters of HBSS [3].
2.4.1. MED: Talent transfers the inserts to an incubator.
2.4.2. MED: Talent removes the media from the cells.
2.4.3. MED: Talent rinses the cells with HBSS.
2.5. Remove the HBSS and add 1 milliliter of 0.25 percent trypsin-EDTA solution [1]. Incubate at 37 degrees Celsius for 1 – 5 minutes, or until cells appear rounded or show signs of detachment [2].
2.5.1. MED: Talent removes the HBSS and adds trypsin-EDTA.
2.5.2. MED: Talent transfers the flask of cells to an incubator.
2.6. Then, gently tap on the flask to detach all the cells [1]. Re-suspend the cells in 5 milliliters of DMEM with 10 percent FBS [2] and transfer the cell suspension to a sterile 15 milliliter centrifuge tube [3].
2.6.1. CU: Talent taps on the flask.
2.6.2. MED: Talent re-suspends the cells in DMEM/FBS.
2.6.3. MED: Talent transfers the cell suspension to a centrifuge tube.
2.7. Centrifuge the cells at 1,000 x g for 5 minutes to gently pellet the cells [1]. Remove the media and re-suspend the pellet in 5 milliliters of serum-free DMEM [2]. Repeat this centrifugation and re-suspending process two additional times for a total of 3 washes [3].
2.7.1. MED: Talent places the tube into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
2.7.2. MED: Talent re-suspends the pellet in DMEM. The media can be removed prior to this shot.
2.7.3. MED: Talent places the tube into the centrifuge, closes the centrifuge lid, and turns the centrifuge on. Do not reused 2.7.1, and ensure this shot looks noticeably different from 2.7.1 so that the viewer can see this is a repetition of the previous action.
2.8. After this, thoroughly re-suspend the cells in the final 5 milliliters of serum-free DMEM [1] and ensure there are no clumps of cells [2]. Use a hemocytometer to determine the cell concentration, making sure to only count viable cells [3], and dilute the cell suspension to 50,000 cells per milliliter in 5 milliliters of serum-free DMEM [4].
2.8.1. MED: Talent thoroughly re-suspends the cells in the final 5 mL of serum-free DMEM.
2.8.2. CU: Close up showing that there are no cell clumps.
2.8.3. MED: Talent, at a microscope, uses a hemocytometer to count the cells.
2.8.4. MED: Talent dilutes the cell suspension as described.
2.9. Next, remove the dish with the inserts from the incubator [1] and gently aspirate the media from an insert [2]. Lift the insert and aspirate the media from the well [3]. Working quickly, add the chemoattractant to the lower chamber [4-TXT].
2.9.1. MED: Talent retrieves the dish with the inserts from the incubator.
2.9.2. CU: Talent aspirates the media from an insert.
2.9.3. CU: Talent lifts the insert and aspirates the media from the well.
2.9.4. MED: Talent adds the chemoattractant to the lower chamber. TEXT: 24-well dish: 750 µL of DMEM with 5% FBS.
2.10. Place the insert into the well [1] and, for a 24-well dish, add 500 microliters of the cell suspension to the insert [2-TXT]. Ensure that there are no air bubbles are present on either side of the membrane [3].
2.10.1. CU: Talent places the insert into the well.
2.10.2. MED: Talent adds cell suspension into the insert. TEXT: See text for details on using a 6-well dish insert. 
2.10.3. CU/ECU: Close up showing that there are no air bubbles.
2.11. Return the dish to the cell culture incubator for 22 hours [1-TXT]. After 22 hours, prepare a solution of 1 percent paraformaldehyde in 1x PBS for fixation [2]. In a clean 24-well cell culture dish, add 1 milliliter of the fixative to individual wells so there is one well for each insert [3].
2.11.1. MED: Talent places the dish into the incubator. TEXT:  37 °C, 5% CO2, 100% humidity.
2.11.2. MED: Talent prepares a solution of 1% paraformaldehyde in PBS. Any action in this preparation can be shown here.
2.11.3. MED: Talent adds fixative to some of the wells of the cell-culture dish.
2.12. Then, prepare the staining solution of 0.1 percent crystal violet in a solution of PBS with 10 percent ethanol [1]. Add 1 milliliter of this staining solution to a clean well for each insert [2].
2.12.1. MED: Talent prepares the 0.1% crystal violet solution in PBS/ethanol. Any action in this preparation can be shown here.
2.12.2. MED: Talent adds this staining solution to some of the wells of the cell-culture dish.
2.13. Using forceps, remove each insert one at a time [1]. Place a sterile cotton swab inside each insert [2] and swab the upper side of the membrane to remove any unmigrated cells [3].
2.13.1. MED: Talent uses forceps to remove an insert from a well.
2.13.2. CU: Close up showing a swab being placed into an insert.
2.13.3. CU: Talent swabs the upper side of the membrane
2.14. Repeat this process with a second cotton swab [1]. Next, remove any remaining media from the inside of the insert [2] and add 750 microliters of PBS to wash away any detached cells [3].
2.14.1. MED: Talent swabs the insert again. Any action in the swabbing process can be filmed for this shot.
2.14.2. MED: Talent removes media from the inside of the insert.
2.14.3. MED: Talent adds PBS to the insert
2.15. Remove the PBS and repeat the wash with fresh PBS [1]. Then, place the insert into a well containing fixative to fix the migrated cells on the underside of the membrane [2]. Repeat this process for all inserts [3] and let the inserts fix for 15 minutes at room temperature [4].
2.15.1. MED: Talent repeats the PBS wash by removing the old PBS and replacing it with fresh PBS.
2.15.2. CU: Talent places the insert into a well containing fixative.
2.15.3. MED: Talent places other inserts into other wells containing fixative.
2.15.4. MED: Talent sets a timer for 15 minutes. Make sure the dish – with the inserts in the fixative wells, is visible in the shot.
2.16. After this, remove each insert, one at a time, from its well [1] and wash it with 750 microliters of PBS [2]. Place the insert into a well containing staining solution [3-TXT] and leave it for 15 minutes to stain all migrated and fixed cells [4]. 
2.16.1. MED: Talent removes an insert from its well.
2.16.2. MED: Talent washes the insert with PBS.
2.16.3. CU: Talent places the insert into a well containing the staining solution. TEXT: See text for details on how much stain to use.
2.16.4. MED: Talent sets a timer for 15 minutes. Make sure the dish – with the inserts in the staining well, is visible in the shot.
2.17. Then, remove the inserts [1] and dip them into a beaker containing distilled water until the water running off the insert is clear [2]. Remove any excess water droplets [3] and place the inserts sideways onto a piece of filter paper [4]. Let the inserts air-dry [5]. 
2.17.1. MED: Talent removes an insert from its well.
2.17.2. CU: Close up as the talent dips the insert into a beaker filled with distilled water.
2.17.3. MED: Talent removes excess water from the insert.
2.17.4. CU: Talent places an insert on a piece of filter paper.
2.17.5. MED: Talent places the last insert onto the filter paper, and sets them aside 
2.18. Prepare the membrane for imaging by labeling a clean glass microscope slide for each insert [1] and placing a small drop of microscope immersion oil into the center of each slide [2].
2.18.1. MED: Talent labels several clean glass microscope slides.
2.18.2. CU: Close up as a drop of oil is placed in the center of a microscope slide.
2.19. Using a scalpel, cut around the perimeter of the membrane on the inside of the plastic insert to detach the membrane [1]. Use forceps to remove the membrane [2] and place it on top of the oil drop on the labeled slide [3].
2.19.1. CU: Talent uses a scalpel to cut around the perimeter of the membrane on the inside of the plastic insert.
2.19.2. MED: Talent uses forceps to remove a membrane.
2.19.3. CU: Close up as a membrane is placed on top of the oil drop on a slide.
3. Imaging and Analysis
3.1. Using a compound microscope, view cells at 5x, 10x, or 20x magnification [1]. For quantification, take use multiple, non-overlapping images at 10x magnification [2-TXT].
3.1.1. MED: Talent, at the microscope, loads a slide and views the cells.
3.1.2. MED: Talent, at a workstation computer, takes multiple, non-overlapping images at 10x magnification. Alternatively, the talent can be shown reviewing previously obtained images. TEXT: Alternatively, count all migrated cells on membrane at 10x magnification.
3.2. Determine the total number of invading cells, or cells per area, for all samples [1]. For each experiment, perform each condition in the assay with three replicate inserts and repeat multiple times for statistically useful results [2].
3.2.1. MED: Talent, at a workstation computer determines the total number of invading cells. Any action in this process can be filmed for this shot.
3.2.2. MED: Talent reviews previously obtained (and statistically useful) results.
Section – Results
4. Results: Analysis of the In Vitro Invasion Assay
4.1. In this study, in vitro invasion through a protein matrix is used to assess the aggressive phenotypes and oncogenic cell behaviors of mouse mammary tumor cells with altered expression of the zinc finger protein ZC3H8 [1].
4.1.1. LAB MEDIA: Figure 3. 
4.2. It is seen that higher levels of expression of Zc3h8 in tumor cell lines, or by promoter-mediated expression from a plasmid, results in rapid rates of cell proliferation, fast migration, growth in 3D environments, and increased invasion in the in vitro invasion [1].
4.2.1. LAB MEDIA: Figure 3. Video Editor: Emphasize Figure 3A, and the column in Figure 3D labeled “Control shRNA”.
4.3. Conversely, decreased expression by shRNA constructs results in less aggressive proliferation, migration, and invasion [1]. While the cell invasion decreases upon shRNA knockdown of Zc3h8 expression [2], that invasion is rescued when the expression is rescued [3].
4.3.1. LAB MEDIA: Figure 3. Video Editor: Emphasize Figure 3B, and the column in Figure 3D labeled “Zc3h8 shRNA”.
4.3.2. LAB MEDIA: Figure 3. Video Editor: Hold the emphasis from 4.3.1.
4.3.3. LAB MEDIA: Figure 3. Video Editor: Emphasize Figure 3C, and the column in Figure 3D labeled “Zc3h8 shRNA, Rescue”.


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Dr. Janice Knepper: The in vitro invasion assay technique is extremely useful as a rapid, inexpensive, flexible, and relatively easy approach to studying cell behavior [1].

5.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
5.2. Dr. John Schmidt: Cells grown in culture are easy to genetically manipulate.  The role of specific mutations can even be tested.  The in vitro system also allows for analysis of other factors such as small molecule inhibitors or biological agents like microRNA and their effects on cell migration and invasion [1]. 

5.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
5.3. Dr. Janice Knepper: This assay also includes a great amount of flexibility allowing the alteration of protein content in the matrix, pore size, and chemoattractant [1].

5.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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