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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___Y____

If yes, please list make and model of your microscope: AmScope (model unknown)-image provided
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___ N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

4.1, 4.2, 4.4, 4.5, 4.6

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Injection of ATC cells into the thyroid. Gently push needle into the membrane-bound thyroid, ensuring that bore of needle has completely penetrated. Slowly expel cellular suspension and then slowly withdraw needle.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to demonstrate surgical placement of human anaplastic thyroid carcinoma, or ATC cells, into the thyroid in order to establish an orthotopic xenograft mouse model. (Intro)
This is accomplished by first culturing and harvesting ATC cells. (P1: Begin by showing all of P1 but the arrow on the screen and add the text “Human ATC cells” above the diamond shaped cells.  Then, move the diamond shaped cells into the centrifuge tube with the word “and”.)
After preparing the mouse for surgery, expose the thyroid by two successive longitudinal incisions in the neck and inject the ATC cells slowly into the right thyroid gland. (P3: Leave the test tube on the screen from P1 and add the mouse from P2. Draw the red line on the mouse as shown in P2 beginning with the word “exposed” and then expand the line into a circle as seen in P3 by the word “neck”.  Then remove the cap from the test tube and insert a syringe into the cell solution and draw up some solution.  Then place the syringe into the incision site and expel its contents slowly.)
The final step is to close the incisions with sutures and to allow the mouse to recover. (P4: Animate the red circle from P3 back to a single line as shown in P2.)
Ultimately, histological examination of specimens from resected tissues are used to show tumor growth and invasion under a variety of conditions. (P5: Expand the image in P5 out of the incision site and display it next to the mouse.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Will Sewell: The main advantage of this technique over existing methods, like subcutaneous xenograft transplant, is that orthotopic transplantation places ATC cells in their biological niche and closely replicates disease progression and pathology as it occurs in humans.

1.2. Ashley Reeb: This method can help answer key questions in the cancer research field, such as what are the biological mechanisms in determining thyroid cancer aggressiveness.

1.3. Dr. Lin: Visual demonstration of this method is critical as the throat incision and cell injection steps are very challenging.  Care must be taken not to nick or severe the major blood vessels. Additionally, the thyroid must be properly identified and the anaplastic thyroid carcinoma cells must be injected directly into the thyroid without leakage. {Comment: This shot was filmed. However, Dr. Lin requested to omit this shot completely from the video.)
Protocol (read by voice talent at JoVE):

2. Cell preparation
2.1. Begin this procedure by culturing the human ATC cell line THJ-11T in 6-well culture plates using complete RPMI 1640 supplemented media. One day prior to cell harvest, when the cells are 70-80% confluent, thaw 0.01 mL of matrigel at 4 °C. 

2.1.1. MED: Talent adds media to a 6-well plate in the hood (TEXT: 10% FBS, 1% non-essential amino acids, 1% Na pyruvate, 1% antibiotic-antimycotic)
2.1.2. MED: Talent places 6-well plate onto the microscope stage and looks through the microscope at them.

2.1.3. MED: Talent places a well labeled aliquot of matrigel into the refrigerator.
2.2. Harvest the cells using trypsin once they have become 80-90% confluent.  
2.2.1. MED: Talent works in hood adding trypsin solution to the 6-well plate.
2.3. Once the cells have been pelleted, aspirate the media and resuspend cells in 2 mL supplemented RPMI 1640 media for each 6-well plate harvested.

2.3.1. MED: Talent takes the cells out of the centrifuge and shows the centrifuge tube to the camera.

2.3.2. CU: Talent aspirates off the media.

2.3.3. MED: Talent adds media and resuspends the cells.

2.4. Next, determine the cell density by mixing the cell suspension 1 to 1 with 0.4% trypan blue dye.   Determine cell density using a TC10 Automated Cell Counter.
2.4.1. MED: Talent adds trypan blue to microcentrifuge tube already containg cells and mixes them.

2.4.2. MED: Talent puts cells onto the cell counting slide, then places the slide into the cell counter, and works the machine.
2.5. Calculate the volume of the cell suspension needed to inject 500,000 cells/mouse. Ensure adequate cells are available for the implantation by calculating for double the number of planned implants. 

2.5.1. MED: Talent calculates the number with a calculator and a lab notebook while working at the bench.

2.6. Transfer the required volume of cell suspension into a 15 ml conical tube. Wash hands carefully. Next, centrifuge at 200 x gravity for 4 minutes at room temperature.

2.6.1. MED: Talent transfers cells from the stock container into another tube to be used in the experiment.

2.6.2. Talent washing hands (from 3.6.1?) (Video Editor: The handwashing seems a little out of place here. I added the sentence about “Wash hands carefully” to the VO, in case this shot really does fit here. If the authors made a mistake and this is not a handwashing shot, then leave out the “Wash hands carefully” from the VO.)
2.6.3. MED: Talent places the tube into the centrifuge and closes the lid. *Show the centrifuge settings in the shot.

2.7. Then, aspirate the media and resuspend cells at 100 million cells/mL in complete RPMI 1640 supplemented media. 

2.7.1. CU: Talent removes the supernatant

2.7.2. MED: Talent adds media and resuspends the cells.
2.8. Next, transfer cells to a 1.6 mL tube, add 1 volume of matrigel, and mix gently by slowly pipetting in and out. Place the cell suspension on ice until it is needed.

2.8.1. MED: Talent adds matrigel to 1.6 mL tube containing the cell suspension, mixes it slowly, then places the tube on ice.

3. Surgery Preparation

3.1. First, sterilize the surgical zone, which includes the dissecting scope and surrounding area, by wiping all surfaces with 70% ethanol.
3.1.1. WIDE: Talent sterilizes the area.
3.2. Then, prepare the recovery area by turning on heating lamps and putting down sterile pads.

3.2.1. MED: Talent turns on heat lamps and puts down sterile pads.
3.3. Anesthetize the mouse and prepare it for surgery by first shaving the neck region of the mouse from jaw line to top of sternum and out to each arm. 
3.3.1. CU: Talent shaves the mouse as described in the text. (TEXT: 0.1 ml ketamine/xylazine per 10 g body weight i.p.)

3.3.2. **MED: Take video of a mouse (not yet shaved) laying sedated on a sterile pad to be used in 5.4.1 (Label as 5.4.1)

3.4. Next, scrub the surgical area three times by alternating chorhexadine soaked gauze squares and ethanol, then one final time with betadine soaked gauze.  Also, gently apply eye ointment to prevent eyes from drying. 
3.4.1. MED: Talent scrubs the mouse the final time with chorhexadine, then once with ethanol, and once with betadine.

3.4.2. CU: Talent adds ointment to the mouse’s eye.

3.5. At this point, check the pedal reflex to ensure that the mouse is adequately sedated. Then, place the mouse in dorsal recumbency on a disposable sterile field barrier under the dissecting scope. Secure the mouse in place with cloth tape.
3.5.1. CU: Talent pinches the mouse’s foot to check for the reflex

3.5.2. MED: Talent places the mouse in dorsal recumbency and secures it in place.
3.6. Next, thoroughly scrub hands and fingernails and put on sterile surgical gloves.
3.6.1. {This shot changed to 2.6.2.)
MED: Talent washes their hands.

3.6.2.
MED: Talent puts on surgical gloves.
3.7. In a sterile fashion, open surgery pack and arrange instruments.
3.7.1. MED: Talent prepares the surgical instruments.

3.8. Finally, place a sterile drape over the mouse, leaving only surgical site exposed.
3.8.1. CU: Talent drapes the mouse.
4. Surgical access to thyroid and cell injection

4.1. Begin by making a 1 to 1.5 cm longitudinal incision along the midline of the throat using a sterile, disposable scalpel. Do not deviate from the midline as this would increase the chance of nicking or severing large arteries.

4.1.1. MED: Talent begins to make incision along the midline of the throat. *Have the talent place the scalpel in the correct location, then move to the close up view.

4.1.2. SCOPE: Talent makes incision along the midline of the throat.
4.2. Make a second incision into the strap muscles surrounding the trachea.  Then, pull the right side of the incised muscle to the side, exposing the right thyroid gland.
4.2.1. SCOPE: Talent makes the second incision and points out the thyroid gland.

4.2.B.  Next, draw up 10 µl of the cell suspension.

Moved shot: Use 4.4.1. MED: Talent draws up 10 µl of cell suspension into the syringe.

4.3. Have an assistant hand over the syringe. 
4.3.1. MED: The assistant hands over the syringe to the Talent.

4.4. Slowly inject it into the right thyroid gland using a 31 gauge insulin syringe. Then, gently remove the needle.

4.4.1. MED: Talent draws up 10 µl of cell suspension into the syringe. {Comment: This shot should go before STEP 4.3. and shot 4.3.1.)
4.4.2. SCOPE: Talent slowly injects the cells into the thyroid gland and removes the needle.
4.5. Suture together the muscle layer with 6.0 nylon monofilament suturing material using either an interrupted suturing style. 
4.5.1. SCOPE: Talent sutures the muscle layer.

4.6. Finally, stitch together the skin in the same fashion. 
4.6.1. MED: Talent sutures the skin layer.
5. Post-operative care and tissue collection

5.1. Post-operatively, apply a layer of triple antibiotic ointment directly over the incision site.
5.1.1. CU: Talent adds antibiotic ointment to the incision site.

5.2. Allow the mouse to recover in dorsal recumbency under a lamp. Once the mouse can achieve sternal recumbency without assistance, it can be placed back with other mice in its cage.

5.2.1. MED: The mouse recovers under the lamp.

5.2.2. MED: The mouse starts to move as it recovers from the anesthesia.

5.2.3. MED: Talent places the mouse back into its cage.
5.3. Check the incision site and overall health of the mouse daily for a week following surgery, then check it once a week. If at any time the mouse exhibits signs of declining health, it should be euthanized and its tissues collected.

5.3.1. MED: Talent lifts the lid of the cage, pulls out one of the mice, checks its incision, then places it back into its cage.

5.4. Once mice have reached a predetermined post-operative time-point, anesthetize with ketamine and xylazine and perfuse the animal intracardially with buffer followed by fixative. Then, harvest the tissues and process them for histology.

5.4.1. Shot from 3.3.2 of anesthetized mouse

5.4.2. MED: Talent places tissue into a cassette, closes the lid, and places it into a clear liquid to represent tissue processing.
6. Results: Histological Verification of Anaplastic Thyroid Carcinoma
6.1. The thyroid and trachea from a non-injected control animal are shown here with hematoxylin and eosin staining. Follicles display a close, yet loose, association and have essentially a round morphology. 

6.1.1. Figure 2b

6.2. In contrast, mice receiving an orthotopic injection of 500,000 ATC cells exhibit significant infiltration of cancer cells into the thyroid by 4 weeks post-injection. The nature of the invading cells show characteristic spindle shaped cells and medium to giant sized cells with eosinophilic cytoplasm and large nuclei.

6.2.1. Figure 2b (*shrink it and shift it to the left half of the screen)

6.2.2. Figure 2a (*present on the right half of the screen) 

6.3. Due to the small size of the thyroid and the use of injectable delivery, unintentional outcomes may arise such as the development of a tumor mass outside of, but not encompassing, the thyroid. This is due to needle penetration through the thyroid when cells are expelled.
6.3.1. Figure 3a (*Show arrow with the words “tumor mass”)

6.4. Occasionally, mice presenting with no tumor growth, both grossly and histologically, are detected as shown here. Absence of detectable tumor development is caused by expulsion of the cell suspension from the injection site into neighboring tissues and cavities.
6.4.1. Figure 3b
7. Conclusion (said by authors on camera)
7.1. Ashley Reeb: Once mastered, this technique can be done in 20 min.

7.2. Will Sewell: After watching this video, you should have a good understanding of how to generate your own orthotopic model for anaplastic thyroid carcinoma by surgically accessing the thyroid gland and injecting cultured ATC cells.

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, 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, as well as an introduction to your videographer, closer to your filming date.
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