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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
4.4., 4.8.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.4., 4.8.
E. Will the filming need to take place in multiple locations? Y, different floors same building


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 the highly-sensitive detection of the micrometastasis of GFP-lentivirus-transduced organoids cultured from a human patient-derived colon tumor. (Intro)

B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
Akira Orimo: This method can help answer key questions in the field of tumor biology about the micrometastases found in colon cancer patients. 
Akira Orimo: The main advantage of this technique is that it allows a highly-sensitive detection of micrometastases induced by GFP-labelled, patient-derived colon cancer organoids in mice.   

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
Yu Okazawa: Generally, individuals new to this method will struggle, because it can be difficult to detect colon tumor organoid-derived micrometastases in distant organs in mice.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Akira Orimo: Demonstrating the procedure with Yu Okazawa will be Kosuke Mizukoshi and Yu Koyama, both PhD students and surgeons from my group. 

E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Procedures involving animal subjects have been approved by Animal Research Ethics Committee of the Juntendo Faculty of Medicine.

Protocol: (read by voice talent at JoVE)

[bookmark: _Hlk506646704]Colorectal Cancer Cell (CRC) Organoid Artificial Extracellular Matrix Culture Installation 

(Editor: The videographer left several comments that said “Same as X.X.X” for some of the shots. They also listed out replacement shots with “Use X.X.X” when needed, so I’m not sure what the “Same as…” means – perhaps it just means the action is the same?)

[bookmark: _Hlk506646765]To generate human colorectal cancer cell organoids, first add 150 microliters of artificial extracellular matrix per well to a 12-well plate on ice [1-WIDE-TXT].

Talent adding matrix to well(s), with matrix container visible in frame (TEXT: See text for all reagent/medium preparation details)

When all of the wells have been coated, incubate the plate for 30-60 minutes in a 37 °C and 5% CO2 incubator to solidify the gels [1-MED].
Talent placing plate into incubator

Next, resuspend a patient-derived tumor xenograft cell pellet in fresh colorectal cancer organoid culture medium supplemented [1-CU-TXT] with 5% fetal calf serum, or FCS (pronounce F-C-S), to achieve a 3×105 cells/mL concentration and seed 1 mL of cells onto each artificial extracellular matrix [2-MED-over the shoulder].

Pellet being resuspended, with medium container label visible in frame (TEXT: See text for CRC PDX generation details)
Talent adding cells to well(s)  (Videographer Comment: Take 2)

Then return the cells to the cell culture incubator [1-CU].

Plate being placed into incubator

The next morning, carefully transfer the culture supernatants, including the floating cells, into 1.5 mL microcentrifuge tubes for their centrifugation [1-MED-TXT] and resuspend the pellets in 70 microliters of fresh artificial extracellular matrix on ice [2-CU].

Talent adding cells to tube(s), with microcentrifuge visible in frame if possible (TEXT: 5 min, 1400 x g) 
2.5.1A. [Added Shot]: Centrifuge (Editor: I don’t think this shot is necessary, but if you need additional footage to cover the VO, it can be used during “…into 1.5 mL microcentrifuge tubes for their centrifugation…”)
Shot of pellet if visible, then pellet being resuspended (Videographer Comment: PLEASE DO NOT USE TAKE 1)

To increase colorectal cancer cell viability, overlay the floating tumor cell-containing artificial extracellular matrix back onto the artificial extracellular matrix-coated wells [1-MED] and incubate the tumor cell cultures for 30 minutes in the cell culture incubator [2-CU].

Talent adding cells to well(s) (Videographer Comment: TAKE 2)
Plate being placed into incubator (Videographer Comment: Same as 2.4.1)

When the new extracellular matrix gel has solidified [1-CU], feed the cultures with 1 mL of fresh colorectal cancer organoid cell culture medium supplemented with 1% FCS [2-MED-over the shoulder] and return the cells to the cell culture incubator [3-MED-TXT].

Shot of solidified gel
Talent adding medium to well(s), with medium container visible in frame
[bookmark: _Hlk506646904][bookmark: _Hlk508796708]Talent placing plate into incubator (TEXT: Change medium at least every 2d) (Videographer Comment:  Same as 2.4.1)


[bookmark: _Hlk502565668]CRC Organoid Cell-Labeling with GFP Lentiviral Particles 
[bookmark: _Hlk506646931]
After 7-10 days of culture, detach the organoids mechanically with a sterile cell scraper [1-WIDE] and transfer the organoids into 1.5 mL microcentrifuge tubes for their centrifugation [2-MED].

Talent detaching organoids
Talent adding cells to tube (s) 

Then resuspend the pellets in 500 microliters of PBS with gentle tapping for another centrifugation [1-CU].

PBS being added to tube(s), with PBS container visible in frame

To dissociate the colorectal cancer organoids, add 500 microliters [1-MED] of proteolytic and collagenolytic enzyme solution to the tubes and mix with gentle tapping [2-CU]. 

Talent adding dissociation solution to tube(s), with dissociation container visible in frame
Tube being tapped

After 10 minutes at room temperature, add 500 microliters of medium supplemented with 1% FBS to the cells [1-MED] and very gently pipette the cell suspension several times to break up the organoids [2-CU-TXT].

Talent adding medium to tube(s), with medium container visible in frame
[bookmark: _Hlk502566401]One cell suspension being pipetted (TEXT: Vigorous pipetting reduces cell viability)

“Gentle pipetting of the human CRC organoids during passaging is critical to maintaining an intact spheroid formation in culture.” [1-MED-interview style]

Kosuke Mizukoshi, speaking the above interview style (looking just off-camera) 

Centrifuge the cells again and resuspend [1-MED-over the shoulder] the pellets in 100 microliters of 5x GFP lentivirus stock and 400 microliters of fresh colorectal cancer organoid culture medium [2-CU-TXT].

Talent placing tube(s) into microcentrifuge
GFP lentivirus being added to tube, with lentivirus and medium container labels visible in frame (TEXT: i.e., >1x108 TU lentivirus/mL)

“It is essential to infect the human CRC organoids with a high titer of GFP lentivirus particles to achieve a nearly 100% infection efficiency.” [1-MED-interview style]

Yu Koyama, speaking the above interview style (looking just off-camera) 

[bookmark: _Hlk506646978]Adjust the volume in each tube to achieve a 5×105 dissociated tumor cell per 500 microliters of medium concentration [1-MED] and plate 500 microliters of cells into each well of an artificial extracellular matrix-coated 12-well plate as demonstrated [2-CU].

Talent adding medium to tube(s), with medium container visible in frame
Cells being added to well(s)

After 18 hours in the cell culture incubator, transfer the floating cell-containing supernatants into individual 1.5 mL microcentrifuge tubes for centrifugation [1-MED] followed by resuspension of the pellets in 70 microliters of artificial extracellular matrix per tube on ice [2-CU].

Talent adding cells to tube(s), with microcentrifuge visible in frame if possible (Videographer Comment: Same as 2.5.1)
Matrix being added to tube(s), with matrix container label visible in frame (Videographer Comment: Same as 2.5.2)

To enhance the colorectal cancer cell viability, overlay the tumor cell-containing artificial extracellular matrix onto the tumor organoids in the 12-well plate [1-MED-over the shoulder] and place the plate in the cell culture incubator for 30 minutes [2-MED].

 Talent adding matrix to well(s) (Videographer Comment:  Same as 2.6.1)
 Talent adding plate to incubator Use either 2.4.1 or 2.2.1 (Videographer Comment:  Same as 2.6.2 Use 2.4.1 or 2.2.1)

When the artificial extracellular matrix coating has solidified, feed the cultures with 1 mL of fresh CRC organoid culture medium [1-MED] supplemented with 1% FCS and return the cells to the cell culture incubator for 3 days [2-CU].

 Talent adding medium to well(s), with medium container visible in frame (Videographer Comment:  Same as 2.7.2)
 Plate being placed into incubator Use 2.4.1 (Videographer Comment:  Same as 2.7.3 Use 2.4.1)

[bookmark: _Hlk502573178]Then observe the infected cells by fluorescence microscopy to confirm a nearly 100% GFP positivity [1-LM] and return the cells to the incubator for another 4-6 days [2-MED].

 Figure 2A. PSD file- tumor organoid without A laber.psd: please emphasize right image/green organoids in right image 
Talent placing plate into incubator (Videographer Comment:  Same as 2.2.1)

GFP-Labelled CRC Organoid Metastasis Generation
[bookmark: _Hlk508797963]
[bookmark: _Hlk508798292]To establish a spontaneous metastasis mouse model of CRC patient-derived tumor xenografts, dissociate the GFP-labeled organoids as demonstrated [1-WIDE] and dilute the single tumor cell suspensions at a 5×105 tumor cells per 50 microliters of PBS supplemented with 50% artificial extracellular matrix concentration [2-MED].

Talent adding dissociation solution to tube(s), with dissociation solution container visible in frame (Videographer Comment:  Same as 3.3.1)
Talent adding medium to tube(s), with medium container visible in frame (Videographer Comment:  Same as 3.4.1)

Load 50 microliters of cells per mouse into a syringe equipped with a 22-gauge needle [1-CU] and place the tumor cells on ice [2-MED].

Syringe being loaded
Syringe(s) being placed on ice

Next, confirm a lack of response to toe pinch [1-ECU-TXT] and place the first anesthetized NOG (Pronounce as one word, rhymes with "dog") mouse in the supine position on the laboratory bench [2-MED-TXT].

Toe being pinched (TEXT: Anesthesia: isoflurane inhalation according to institutional guidelines) 
Talent placing mouse onto bench (Videographer: More Talent than mouse in shot) [TEXT: NOG: NOD/SCID/gamma(c)(null)]

[bookmark: _Hlk506647086]Using sterile tweezers, gently pull the rectal mucosa out of the anus [1-ECU] and immediately inject the tumor cells into the rectal submucosa [2-CU-TXT].

Mucosa being extracted 
Mucosa being injected (TEXT: Repeat for 3-5 mice)

To establish an experimental metastasis model of CRC patient-derived tumor xenografts, dilute the single tumor cell suspensions at a 4×104 cells per 50 microliters concentration [1-MED] and load 50 microliters of cells per mouse into a syringe equipped with a 22-gauge needle [2-MED].

Talent adding medium to tube(s), with medium container visible in frame
Talent loading syringe, with ice bucket/container with another syringe in the ice visible in frame

Place the first anesthetized NOG mouse in a prone [1-MED] position on the bench and make a small incision in the lower region of the left flank [2-CU].

Talent placing mouse in prone position (Videographer: More Talent than mouse in shot)
Incision being made

Use sterile scissors and tweezers to carefully cut the peritoneum to expose the spleen [1-CU] and use the tweezers to grasp the fat attached to the spleen [2-ECU].

Peritoneum being cut/spleen being exposed
Fat being grasped

Then slowly inject 50 microliters of the tumor cell suspension into the spleen, taking care that no leakage is observed [1-CU-TXT].

Cells being injected (TEXT: Repeat for 3 mice)

After all of the mice have been injected and sutured as necessary, return the animals to their home cages [1-MED-over the shoulder-TXT] and check for suture leakage and viability one day after the tumor cell delivery [2-MED].

Talent placing recovered mouse into cage (TEXT: See text for full post tumor cell delivery care details)
Talent checking mouse suture/viability

Use calipers to measure the tumors weekly [1-CU-TXT], harvesting the primary tumors and relevant tissues up to the appropriate experimental end points [2-MED-TXT].

 Tumor being measured with calipers (TEXT: Check mice for signs of illness every other day) 
 Talent placing tumor/other Tumor, Liver and Lung tissue into tubes (TEXT: i.e., monitor spontaneous metastasis ≤2.5 mo/experimental metastasis ≤1 month)

[bookmark: _Hlk502567863]Transfer the dissected tumors and organs into 5 mL of ice-cold PBS in a 10-cm petri dish on ice [1-CU] and observe the dissected tissues under a stereo-fluorescence microscope to assess their GFP expression [2-LM].

 Tissue/tumor being placed into Petri dish on ice
 Figure 2B. tif- primary tumor and meta without B laber and arrows.tif: no animation 

Results: Representative High-Resolution GFP Visualization in Cultured GFP-Labelled CRC Organoids, Primary Tumors, and Micrometastases

CRC organoid infection with GFP lentivirus as demonstrated results in nearly all organoids expressing very bright GFP [1-LM].

Figure 2A: please indicate right image/green organoids in right image

[bookmark: _Hlk503476898]Orthotopic and intrasplenic injection of the GFP-labelled organoids into secondary recipient NOG mice reveals the formation of GFP-positive primary tumors at the orthotopic site [1-LM] as well as in the lungs of the majority of mice examined at 2.5 months after injection [2-LM].

Figure 2B. PSD file- primary tumor and meta in lung without B label and arrows.psd: please indicate left image/green tumors in left image as in original Figure 2B 
Figure 2B ot inj: please add arrows/indicate green tumors in right image 

More, liver metastases are also observed in recipient NOG animals at 1 month after intrasplenic injection [1-LM].

Figure 2B. PSD file- meta in liver without B label and arrows.psd: please add arrows/indicate green tumors as in original Figure 2B 
[bookmark: _Hlk503481741]
Conclusion (said by authors on camera):
Yu Okazawa: After watching this video, you should have a good understanding of how to detect the micrometastasis of GFP-labeled, human colorectal cancer cell organoids after their introduction into recipient mice.
Akira Orimo: When attempting this procedure, it’s important to remember that the tumor- and metastasis-forming efficiency of human colorectal cancer cell organoids in mice is largely dependent on the interpatient variability of the original tumor cells.    

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 
3.1.2. 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. 
Figure 2A. PSD file- tumor organoid without A laber.psd 
Figure 2B. tif- primary tumor and meta without B label and arrows.tif 
Figure 2B. PSD file- primary tumor and meta in lung without B label and arrows.psd
Figure 2B. PSD file- meta in liver without B label and arrows.psd 


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 in the email accompanying the finalized script.
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