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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Maybe

C.  Which steps of your protocol will viewers benefit most from having filmed? 2.2., 2.3.-2.8., 3.3.-3.7., 4.1.-4.3., 6.2 – 6.4. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

2.4 - 2.7 In vivo implantation of cells. To ensure our method is successful, the critical steps are (a) correct positioning of the needle at the implantation site and (b) restricting the penetration depth of the needle so it does not puncture the lungs or the heart. 

E.  Will the filming need to take place in multiple locations? Y, different levels same building

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by an Australian voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to generate a reproducible rat model of pleural mesothelioma for mimicking the human disease and measuring the changes in the circulating immune cells during disease progression. (Intro) This is accomplished by first preparing the mesothelioma cells for implantation. (P1) In the second step, these cells are injected into the pleural cavity of anaesthetised rats. (P2) A peripheral blood sample is then collected. (P3) Ultimately, the immune cells are profiled by flow cytometry to determine the extent of the mesothelioma progression. (P4)
53019_Weir_graphics.pptx

(P1) from slide 1, have syringe aspirate cells from flask into syringe barrel
(P2) from slide 3, inject cells into pleural cavity of rat (cells appear in cavity as injected as in slide 4)
(P3) from slide 4, have new syringe appear and draw blood from tail
(P4) Figure7_weirv2.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Viive Howell: The main advantage of this model over existing models, such as xenografts, is that this model includes a complete tumour microenvironment and an intact immune system.   

1.2. Chris Weir: We first had the idea for monitoring circulating immune cell levels when we were determining how best to monitor a rapidly progressing internal tumour without having to alter the cancer cells through the addition of a transgenic label.

1.3. Lyndsay Peters: Generally, individuals new to the demonstrated flow cytometry protocol will struggle because of the combination of the Boolean algebra and the six dimensional multi-coloured gating strategy required for analysis. 

1.4. Amanda Hudson: Although this flow cytometry method can provide insight into the immune response in mesothelioma, it can also be applied to any other cancer models, such as glioblastoma. 

Protocol (read by voice talent at JoVE):
2. In vivo cell implantation 

2.1. Begin by incubating rat mesothelioma II-45 (Pronounce: Eye-eye-forty-five) cells in a 75 cm2 flask [2.1.1.-WIDE] with RPMI 1640 medium supplemented with 10% fetal bovine serum at standard cell culture conditions [2.1.2.-CU-TXT]. 
2.1.1. Few seconds Talent aspirating cells into pipette

2.1.2. Cells being dispensed into flask, with medium container label visible in frame if possible (TEXT: Passage/sub-culture ~1:50 2x/week). 
2.2. When the cells have reached 70-80% confluency [2.2.1.-LM], suspend them in serum-free medium at the appropriate dilution for implantation [2.2.2.-CU] and transport the cells to the animal facility [2.2.3.-MED]. 

2.2.1. Authors: if you want to show the culture at 70-80% confluency, please submit image (Video Editor: if no image, please skip this step)

2.2.2. Medium being added to tube of cells, with medium container label visible in frame if possible

2.2.3. Shot inside of animal facility door, then Talent opens and enters through door carrying tube of cells (and other supplies as appropriate) OR Talent holding cells/supplies and leaving lab door

2.3. Next, place an adult anesthetized Fischer F344 (Pronounce: F-three-four-four) rat ventral side up [2.3.1.-MED-TXT] and remove the fur from the right regio costalis region [2.3.2.-CU].
2.3.1. Talent moving rat ventral side up (Videographer: More Talent than rat in shot)  (TEXT: Anesthesia: 1.4% isoflurane/Confirm by toe pinch) 
2.3.2. Few seconds rat being shaved 
2.4. Clean the shaved area with 80% ethanol [2.4.1.-CU] and then, on the animal’s right side, locate the 2nd nipple from the top [2.4.1.-CU]; the injection site is 0.5 cm proximal to the 2nd nipple, between the 3rd and 4th rib from the bottom of the rib cage [2.4.2.-CU/LM].
2.4.1. Few seconds skin being cleaned, with ethanol container label visible in frame if possible
2.4.2. Talent’s finger or dissecting needle or similar locating 2nd nipple from the top
2.4.3. Use 2.4.2. (Video Editor: please indicate injection site 0.5 cm proximal to 2nd nipple between 3rd-4th rib) OR Figure 2A
2.5. Next, resuspend the II-45 cells with gentle mixing [2.5.1.-MED]. Then slowly draw the cell suspension into a 1 ml syringe [2.5.2.-CU] and equip the syringe with a 23G x 1¼ needle [2.5.3.-CU].
2.5.1. Few seconds Talent mixing cells  
2.5.2. Few seconds cells being aspirated into syringe

2.5.3. *Film as written

2.6. Prime the syringe [2.6.1.-MED] and remove any air bubbles [2.6.2.-CU].
2.6.1. *Film as written

2.6.2. Syringe being flicked or similar
2.7. Then place a 20 mm long, 5 mm diameter spacer over the needle shaft to prevent the needle from penetrating too deeply into the pleural cavity [2.7.1.-CU-TXT] and slowly insert the needle between the ribs [2.7.2.-CU]. 
2.7.1. *Film as written (TEXT: 5-12 mm exposed needle sufficient for rib penetration w/o organ damage) 
2.7.2. *Film as written
2.8. After injecting 100 microliters of cells [2.8.1.-CU], remove the needle [2.8.2.-CU] and gently roll the rat from side to side to spread cells throughout the chest cavity [2.8.3.-CU].
2.8.1. Few seconds cells being injected (Combine 2.8.1. and 2.8.2. as appropriate)
2.8.2. Needle being removed (Combine 2.8.1. and 2.8.2. as appropriate)

2.8.3. Few seconds rat being rolled back and forth (Videographer: please show below animal’s neck as possible)
2.9. Then place the rat into a clean cage for recovery [2.9.1.-MED]; the animal should awake within 1 minute and start to move around [2.9.2.-CU-TXT].
2.9.1. Talent placing rat into cage 
2.9.2. Few seconds rat moving around cage (TEXT: Use new needle for each rat) 
3. Tail vein blood collection
3.1. At the appropriate experimental time point for blood collection, place the anesthetized rat onto its side [3.1.1.-WIDE] and locate a lateral tail vein [3.1.2.-CU].
3.1.1. *Film as written 
3.1.2. Tail being moved to identify tail vein or similar
3.2. Next, sterilize the tail with 80% ethanol [3.2.1.-CU] and label a 0.5 ml EDTA collection tube with the date and the rat identifier [3.2.2.-CU].
3.2.1. Few seconds tail being wiped
3.2.2. Few seconds tube being labeled OR Shot of labeled tube 
3.3. Then, starting near the tip, position a 23G x 1¼ needle parallel to the selected vein [3.3.1.-CU-TXT], sliding the needle into the tail vein at a shallow angle so that it penetrates approximately 10 mm [3.3.2.-CU].
3.3.1. Needle being positioned near tip of tail (TEXT: Collect from tip toward animal to avoid clots)
3.3.2. Few seconds needle being slid into tail vein
3.4. If the vein has been successfully punctured, blood will be visible in the attachment end of the needle [3.4.1.-ECU/CU].
3.4.1.  Shot of blood in attachment of end of needle
3.5. A drop will form on the tail at the site of the needle puncture [3.5.1.-CU]; using a pipette, collect the blood [3.5.2.-CU] and deposit it into the labeled collection tube [3.5.3.-CU].
3.5.1. Shot of blood at needle puncture site
3.5.2. *Film as written
3.5.3. *Film as written 
3.6. Then run a finger lightly along the tail from top to tip, milking the vein gently to encourage the blood to continue to flow [3.6.1.-CU].
3.6.1. Few seconds tail being milked  
3.7. When the desired volume of blood has been collected [3.7.1.-CU-TXT], quickly flick the tube to mix the blood and EDTA and to prevent clotting [3.7.2.-CU-TXT].
3.7.1. Shot of blood in tube (TEXT: e.g. 25 microliters for immune cell assay)
3.7.2. Few seconds tube being flicked (TEXT: Process blood w/in 2 hrs of harvest)
4. Bead-based immune cell profiling and analysis
4.1. After briefly mixing the whole blood-EDTA sample on a slow rotary mixer [4.1.1.-WIDE], transfer 25 microliters of the blood into a labeled absolute counting tube [4.1.2.-MED]. The bead pellet will dissolve upon addition of the blood [4.1.3.-CU].
4.1.1. Talent removing blood sample from rotary mixer

4.1.2. Talent adding blood to tube

4.1.3. Shot of bead pellet, then few seconds pellet dissolving as blood is added
4.2. Then add the appropriate fluorescently labeled antibodies to the cells [4.2.1.-MED-TXT] followed by red blood cell lysis with 400 microliters of Tris plus ammonium chloride buffer [4.2.2.-CU] and vortexing [4.2.3.-CU].

4.2.1. Talent adding one antibody to cells, with antibody container(s) visible in frame if possible  (TEXT: See text for antibody labeling details)

4.2.2. Tris and/or NH4Cl being added to cells, with container(s) labels visible in frame if possible

4.2.3. Few seconds tube being vortexed

4.3. The lysis is complete when the sample appears translucent [4.3.1.-CU-TXT]. 
4.3.1. Shot of translucent sample (TEXT: Incomplete lysis = increased background/false positives by flow cytometry)

4.4. Next, adjust the settings on a flow cytometer as outlined in the Table [4.4.1.-LM] and set up a gate for counting the fluorescent beads [4.4.2.-MED].

4.4.1. Weir_Table 1.xlsx

4.4.2. Few seconds Talent at flow cytometer, setting gate
4.5. Then run the first sample onto the cytometer using a medium flow rate [4.5.1.-MED].

4.5.1. Talent loading tube onto flow cytometer
4.6. Once the system has stabilized, acquire 10,000 bead events in the R1 bead-counting gate [4.6.1.-LM-TXT]. 

4.6.1. Authors: please provide Figure 5Ai as its own .ai, .tif or .psd file without the “Ai” label (TEXT: Repeat for each sample).

4.7. After the last sample has been run, for each individual flow data file, set up R1 to R9 gates as demonstrated [4.7.1.-LM] and set up the algorithms for each cell type as defined in the Table [4.7.2.-LM]. 
4.7.1. 4.7 – 53019_Weir_Figure5.ai: no animation

4.7.2. Weir_Table 2.xslx
4.8. Using the cell statistics counter, calculate the individual cell populations as defined by the gates and algorithms [4.8.1.-SCREEN/MED]; the algorithms will adjust the cell numbers automatically [4.8.2.-SCREEN/MED-over the shoulders].
4.8.1. *To be provided by Authors OR Talent at computer, calculating cell populations

4.8.2. *To be provided by Authors OR Talent at computer, calculating cell populations
4.9. Finally, calculate the number of cell subsets present in each sample using the equation:
4.9.1. BLACK TEXT ON WHITE BACKGROUND: (# events per cell type/25 microliters) x (# bead events/# beads per tube)
5. Results: Representative circulating immune cell counts from rats with mesothelioma 
5.1. In this experiment, implanting II-45 cells as demonstrated resulted in an orthotopic model of pleural mesothelioma in which the rats succumbed to the mesothelioma in a reproducible and rapid timeframe [5.1.1.-LM].

5.1.1. 5.1 – 53019_Weir_Figure6a.tif: Please add/highlight/indicate the solid red, solid grey and dotted black data lines)
5.2. Titration of the number of implanted cells indicated that 1x103 cells was the minimum number required for a fully penetrant model, that is, 100% engraftment of the injected cells [5.2.1.-LM].
5.2.1. 5.1 – 53019_Weir_Figure6a.tif: please highlight/indicate dotted black data line
5.3. Varying the number of implanted cells changed the time course of the disease without appearing to affect the severity. Indeed, animals that received 1 x 103 [5.3.1.-LM], 1 x 104 [5.3.2.-LM] or 5 x 105 [5.3.3.-LM] cells reached ethically defined endpoints by day 40 [5.3.4.-LM], 30 [5.3.5.-LM] and 20, respectively [5.3.6.-LM].
5.3.1. 5.1 – 53019_Weir_Figure6a.tif:  please trace dotted black data line in blue (or other appropriate color)

5.3.2. 5.1 – 53019_Weir_Figure6a.tif: please trace solid grey data line in green (or other appropriate color)

5.3.3. 5.1 – 53019_Weir_Figure6a.tif: please trace solid red data line in orange (or other appropriate color)

5.3.4. 5.1 – 53019_Weir_Figure6a.tif: please circle/otherwise indicate last dotted black line data point on x-axis in same color as tracing from 5.3.1.

5.3.5. 5.1 – 53019_Weir_Figure6a.tif: please circle/otherwise indicate last solid grey line data point on x-axis in same color as tracing from 5.3.2.

5.3.6. 5.1 – 53019_Weir_Figure6a.tif: please circle/otherwise indicate last solid red line data point on x-axis in same color as tracing from 5.3.3.
5.4. The determination of immune cell counts from tail vein blood samples indicated that compared to healthy control rats [5.4.1.-LM], the total lymphocytes [5.4.2.-LM], CD4 T cells [5.4.3.-LM], B lymphocytes [5.4.4.-LM] and NK cells decreased in II-45 implanted rats at the experimental endpoints [5.4.5.-LM]. 

5.4.1. Weir_Table3.xslx: please highlight/indicate Mean and Range Control rats columns

5.4.2. Weir_Table3.xslx: please highlight/indicate Mean and Range Total lymphocytes data cells under II-45 implanted rats

5.4.3. Weir_Table3.xslx: please highlight/indicate Mean and Range CD4 T lymphocytes data cells under II-45 implanted rats
5.4.4. Weir_Table3.xslx: please highlight/indicate Mean and Range B lymphocytes data cells under II-45 implanted rats
5.4.5. Weir_Table3.xslx: please highlight/indicate Mean and Range NK cells data cells under II-45 implanted rats
5.5. Conversely, the counts for monocytes [5.5.1.-LM], neutrophils [5.5.2.-LM] and neutrophil to lymphocyte ratio increased [5.5.3.-LM].
5.5.1. Weir_Table3.xslx: please highlight/indicate Mean and Range monocytes data cells under II-45 implanted rats

5.5.2. Weir_Table3.xslx: please highlight/indicate Mean and Range neutrophils data cells under II-45 implanted rats
5.5.3. Weir_Table3.xslx: please highlight/indicate Mean and Range NLR data cells under II-45 implanted rats

5.6. To determine whether these immune cell parameters also changed with disease progression, and thus could be used as surrogate markers for monitoring disease, longitudinal samples were also compared [5.6.1.-LM].
5.6.1. Figure7_weirv2.pdf: no animation
5.7. The most informative longitudinal parameter being the neutrophil to lymphocyte ratio, with increases detected up to 7 days before the ethical endpoints [5.7.1-LM].
5.7.1. 5.7 – 53019_Weir_Figure7a.tif: please highlight/trace all 4 data lines from 0 to 7 days
6. Conclusion (said by authors on camera)
6.1. Amanda Hudson: Once mastered, the mesothelioma model can be generated in just a few minutes, if it is performed correctly. 

6.2. Chris Weir: When performing the implantation, it is important to remember to correctly position the needle, to limit the pleural penetration depth and to change needles between animals. 

6.3. Lyndsay Peters: Following this procedure, the model can be used to assess new anticancer treatments and immunotherapies. 

6.4. Viive Howell: After watching this video, you should have a good understanding of how to generate an orthotopic model of mesothelioma and how to monitor circulating immune cells in this and other rat models.        

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.  

53019_Weir_graphics.pptx
4.7 – 53019_Weir_Figure5.ai

5.1 – 53019_Weir_Figure6a.tif

5.2 – 53019_Weir_Figure6b.tif

5.3 – 53019_Weir_Figure6ci.tif

5.3 – 53019_Weir_Figure6cii.tif

5.3 – 53019_Weir_Figure6ciii.tif

5.4 – 53019_Weir_Table3decrease.xslx

5.5 – 53019_Weir_Table3increase.xslx 

5.7 – 53019_Weir_Figure7a.tif 
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, as well as an introduction to your videographer, closer to your filming date.
�Authors: you may want to include two screen capture shots as indicated below
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