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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)___N_____ 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.) ___2.7 – remove lungs from mouse, 3.3- homogenize tissue, 4.1-4.2– first strand synthesis, 4.6 – test plate, 4.7 – QRT PCR.
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.) __

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. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to detect the quantity of a specific mRNA from tumor cells in the lung as a method for analyzing metastasis. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Melissa Abt: The main advantage of this technique is that _it is a quantitative measure of metastasis. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects follow the guidelines and animal care standards of the Medical University of South Carolina (MUSC) and its Institutional Animal Care and use Committee (IACUC). 
Protocol (read by voice talent at JoVE):

2. Lung Dissection
2.1. To perform a lung tumor dissection, after euthanizing a mouse using a lethal dose of isoflurane according to the text protocol [2.1.1-WIDE], place the mouse on a foam board on its back with the limbs spread and use dissection pins to secure it to the board [2.1.2-CU].
2.1.1. Talent approaches work bench with euthanized mouse and places it down

2.1.2. Talent places animal on foam board and pins limbs

2.2. After using ethanol to spray the mouse [2.2.1-CU], use forceps to grasp the lower portion of the animal at the center [2.2.2-CU] and with scissors, cut upwards towards the neck through the skin, being careful not to pierce the peritoneal cavity of the mouse [2.2.3-CU].
2.2.1. Talent finishes spraying mouse

2.2.2. Film as written

2.2.3. Film as written

2.3. Now, grasp the peritoneum at the lower end of the animal and begin cutting upwards toward the base of the neck [2.3.1-CU/ECU].
2.3.1. Talent grasps peritoneum with forceps and cuts upwards towards base of neck

2.4. Carefully cut along the left and right sides of the rib cage, taking care not to sever any blood vessels that may bleed into the thoracic cavity [2.4.1-ECU].  Remove the rib bones by cutting to the left and right through the diaphragm and upper portions of the rib cage [2.4.2-ECU].
2.4.1. Film as written

2.4.2. Film as written

2.5. Then using forceps, grasp the trachea of the mouse and pull forward [2.5.1-CU/ECU], and use dissection scissors to sever the trachea [2.5.2-CU/ECU] before removing the lungs from the mouse [2.5.3-CU/ECU-TXT].
2.5.1. Film as written

2.5.2. Film as written

2.5.3. Film as written (TEXT: carefully dissect heart away from lungs if necessary)

2.6. Use PBS to gently wash the lung tissue [2.6.1-CU].  Then after gross evaluation of the lung tissue according to the text protocol, if the lungs are to be analyzed immediately, proceed to RNA isolation [2.6.2-CU].
2.6.1. Film as written

2.6.2. Talent examines the lung tissue; Videographer, get enough footage for the entire second sentence.
3. RNA Isolation
3.1. To isolate RNA from tissue, begin by homogenizing the tissue using one of the methods listed in the text protocol, such as sonication, demonstrated here [3.1.1-MED/CU].
3.1.1. Talent sonicates tissue to homogenize

3.2. Prepare lysis buffer from an RNA isolation kit [3.2.1-MED/CU] and add 20 ul of 2-mercaptoethanol to each milliliter of lysis buffer [3.2.2-CU].
3.2.1. Film as written

3.2.2. Film as written A shot of the label on the bottles was shot here, I don’t think this should be used.
3.3. Resuspend every 30 grams of tissue in 300 ul of lysis buffer [3.3.1-CU] and with the sonicator set at 30% amplitude, sonicate the tissue for 10 seconds [3.3.2-MED/CU].
3.3.1. Talent adds lysis buffer to a sample of tissue and resuspends

3.3.2. Talent places sample under sonicator with 30% setting visible if possible

3.4. Add 10 ul of proteinase K to 590 ul of TE buffer [3.4.1-CU] and add 600 ul of the buffer to 300 ul of sonicated tissue [3.4.2-CU].  Incubate at room temperature for 10 minutes [3.4.3-MED/CU].
3.4.1. Film as written

3.4.2. Film as written

3.4.3. Talent sets samples on bench A shot of the label on the tube was shot here, I don’t think this should be used.
3.5. Next, centrifuge the samples at ≥13000 x g for 10 minutes to remove the debris [3.5.1-MED].  Then transfer the supernatant to new tubes [3.5.2-CU]. 
3.5.1. Talent sets speed and time of centrifuge and places samples in; B need another version for 3.7.1 below of talent placing samples into centrifuge; C need another version for 3.8.2 below
3.5.2. Film as written 

3.6. Add 450 ul of ethanol to every 900 ul of supernatant to precipitate the RNA [3.6.1-CU].  Then transfer 700 ul of the lysate/ethanol mix to an RNA column [3.6.2-CU/ECU].
3.6.1. Film as written

3.6.2. Film as written

3.7. Spin again at ≥13000 x g for 1 minute to bind the RNA to the column [3.7.1-MED].  Then discard the liquid waste and add the remaining supernatant to the column [3.7.2-MED/CU] and spin again [3.7.3-FF].

3.7.1. Use 3.5.1B here

3.7.2. Talent discards liquid, places column back into tube 

3.7.3. FREEZE FRAME from 3.5.1 of talent placing sample into centrifuge

3.8. Next, add 350 ul of Wash Buffer 1 to the upper portion of the column [3.8.1-CU] and centrifuge the samples for 30 seconds [3.8.2-MED-TXT].  Discard the liquid waste and replace the column in the tube [3.8.3-CU]. 
3.8.1. Film as written 
3.8.2. Use 3.5.1C here (TEXT: ≥13000 x g for all subsequent spins)

3.8.3. Film as written A shot of the label on the bottle was shot here, I don’t think this should be used.
3.9. Prepare DNase by mixing 5 units of DNase I enzyme with 5 ul of 10x DNase buffer and 40 ul of DNase/RNase free water for each sample [3.9.1-CU-TXT]. 
3.9.1. Talent adds DNase 1 enzyme, 10x buffer and water from labeled tubes into master mix tube as mentioned in VO (TEXT: 50 µL/sample) A shot of the label on the tube was shot here, I don’t think this should be used.
3.10. Add 50 ul of DNase mix to each column [3.10.1-CU] and incubate at room temperature for 15 minutes [3.10.2-CU].  Then add 350 ul of Wash Buffer 1 to the columns [3.10.3-CU] and centrifuge the samples for 30 seconds [3.10.4-MED].
3.10.1. Film as written

3.10.2. Talent sets a timer near samples on bench

3.10.3. Film as written

3.10.4. Use a clip from 3.5.1B here A shot of the label on the bottle was shot here, I don’t think this should be used.
3.11. After discarding the waste solution, add 600 ul of Wash Buffer 2 [3.11.1-CU] and spin for an additional 30 seconds [3.11.2-FF].  Discard the liquid before adding 250 ul of Wash Buffer 2 [3.11.3-FF] and then spin for 2 minutes [3.11.4-MED].
3.11.1. Talent finishes discarding waste, places column back in tube and adds Wash buffer 2

3.11.2. FREEZE FRAME from 3.8.2 (3.5.1C) of talent placing samples into centrifuge
3.11.3. FREEZE FRAME from 3.11.1 of talent adding Wash Buffer 2

3.11.4. Use a clip from 3.5.1C here of talent closing centrifuge and starting spin A shot of the label on the bottle was shot here, I don’t think this should be used.
3.12. Transfer the column into a new collection tube and add 50-100 ul of RNase/DNase free water to the column [3.12.1-MED/CU].  After incubating for 1 minute, spin for 1 minute [3.12.2-FF].  Rerun the collected eluate through the column to increase the RNA yield [3.12.3-CU].
3.12.1. Film as written

3.12.2. FREEZE FRAME from 3.5.1B of talent placing samples into centrifuge
3.12.3. Talent moves the column into another tube and pipettes the eluate into the column

3.13. For immediate use, keep the samples on ice [3.13.1-MED/CU].  For later use, snap freeze on dry ice or liquid nitrogen [3.13.2-MED/CU] and store at -80 degrees C until needed [3.13.3-WIDE].

3.13.1. Talent places samples on ice
3.13.2. Film as written

3.13.3. Talent places samples at -80 degrees C
4. First Strand Synthesis and Real-Time PCR
4.1. Using a spectrophotometer, quantify the RNA [4.1.1-MED].  Then in sterile, RNase/DNase free PCR tubes/plates, use 0.5 – 2 micrograms of total RNA to prepare the reaction mix for first strand synthesis [4.1.2-CU] as shown in this table [4.1.3-LM].
4.1.1. Talent places sample into spectrophotometer

4.1.2. Talent  prepares reaction mix; Videographer, get enough footage for the end of the sentence and frame for a small table at the bottom of the screen
4.1.3. LAB MEDIA Table 1; Editor, place under 4.1.2 when mentioned
4.2. Mix and gently centrifuge [4.2.1-MED/CU] and program a standard PCR machine [4.2.2-CU] using the program shown here [4.2.3-LM].  When the reaction is complete, use sterile nuclease-free water to dilute the finished reaction to the desired volume [4.2.4-CU-TXT]. 
4.2.1. Talent gives samples a quick spin

4.2.2. Film as written; Videographer frame for a small table at the bottom of the screen
4.2.3. LAB MEDIA Table 2; Editor, place at bottom of screen under 4.2.2 when mentioned

4.2.4. Film as written (TEXT: 50 – 100 µL)
4.3. To carry out real time PCR, use a positive control cDNA such as human HER2 [4.3.1-CU] to set up a standard curve for each primer set by preparing 1:4 serial dilutions of the cDNA to generate 5 standards [4.3.2-CU].
4.3.1. Talent holds labeled tube of HER2 for camera

4.3.2. Talent sets up serial dilutions for standard curve (TEXT: for mouse gapdh, use lung cDNA for negative control standard curve)

4.4.  Next, calculate the number of total samples which should include the standard curve and experimental samples [4.4.1-MED/CU].
4.4.1. Talent at bench calculating number of samples on paper

4.5. Then in sterile RNase/DNase free tubes, prepare a master mix for each experimental gene of interest as well as an internal control such as gapdh [4.5.1-CU-TXT]. 
4.5.1. Talent prepares master mix (TEXT: final [primer] for gapdh = 200 nM)
4.6. Prepare a test plate containing 1 ul of cDNAs for each standard or experimental sample [4.6.1-CU].  Allocate at least 1 cDNA sample/well for each primer probe [4.6.2-CU].  

4.6.1. Talent prepares test plate

4.6.2. Talent picks up a tube labeled with a cDNA and adds to wells
4.7. Add 19 ul of master mix per well for each primer probe [4.7.1-CU].  [4.7.2-MED/CU-TXT]. 
4.7.1. Film as written

4.7.2. Talent sets up reaction on machine (TEXT: see Table 4)

4.7.3. A shot was added to show the talent using a piece of film to cover the plate.
4.7.4. A shot was added to show the talent placing the plate in a machine.
5. Results: Quantitative Real Time PCR Evaluation of Mouse Mammary Tumors 
5.1. This bioluminescence experiment demonstrates that mouse lungs treated with ACT1, which targets the gap junction protein connexin43, appear negative for luciferase activity, suggesting the absence of tumor cells in the tissue [5.1.1-LM].
5.1.1. LAB MEDIA Figure 2A, Editor, for ‘treated with ACT1’, point out the ACT1 row of circles that show no fluorescent staining.
5.2. However, analysis of H and E sections of the lung tissue shows micrometastases that were not illuminated by luciferase, suggesting luciferase imaging is not sensitive enough to detect low numbers of tumor cells [5.2.1-LM].
5.2.1. LAB MEDIA Figure 2B, Editor, point out the circle around the pink region for micrometastases.
5.3. Shown here are the results from a qRT-PCR experiment using a probe specific for HER2 to detect human HER2+JIMT-1 tumor cells in lung tissue from cells originally transplanted into the mouse mammary fat pad.  Although no grossly visible metastases were observed on any of the lungs, in two of the eleven samples, qRT-PCR detected metastases [5.3.1-LM].
5.3.1. LAB MEDIA Figure 3, Editor, the authors will provide this figure without the arrows and text.  For ‘in two of the eleven samples…’ add in the red and black arrows and the ‘metastasis’ text.
5.4. In this figure, a standard curve analysis was prepared to determine the relative HER2 levels normalized to mouse lung gapdh in a cell number series.  The results indicate that qRT-PCR using the HER2 probe was sensitive enough to detect HER2 levels in as few as ten cells [5.4.1-LM].  

5.4.1. LAB MEDIA Figure 4A, Editor, for ‘was sensitive enough to detect HER2 levels in as few as ten cells,’ point out the black diamond under the number 10 on the X axis.
5.5. Finally, this regression analysis shows the relative cell number in each lung sample, including the positive and negative controls [5.5.1-LM].

5.5.1. LAB MEDIA Figure 4B, Editor, for the lung samples, use an arrow from the side to point out the numbers 1 – 11 and for the positive and negative controls, point out the (-) and the (+) on the X axis.
6. Conclusion (said by authors on camera)

6.1. Melissa Abt: Once mastered, this technique can be done in 6-8 hrs if it is performed properly.

6.2. Melissa Abt: While attempting this procedure, it’s important to remember to use precautions to maintain RNA integrity during RNA isolation and the Reverse Transcriptase reaction.

6.3. Author Name: After watching this video, you should have a good understanding of how to detect metastasis in whole lung tissue by quantitative Realtime PCR.
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.

Figure 2-1 –A. Bioluminescent imaging of lungs B. H&E of lung with metastasis
Figure 3-QRT-PCR data graph showing metastases (arrows removed)

Figure 4-A. Standard curve B. QRT-PCR data graph extrapolating cell number with lungs containing metastases
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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