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A.  Will you require JoVE to record video microscopy through a microscope such as filming a complex dissection or microinjection technique? (Y/N) Y If yes, please list make and model of your microscope: ZEISS, Discovery.V12 and specify the steps by number/short description: 2.8, 2.9, 2.10, 2.11, 2.12, 2.13, 2.14
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: 2.8, 2.9, 2.10, 2.11, 2.12, 2.13

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Dissection – visual training
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 dissect and ex vivo culture mouse embryonic thyroid explants or lobes to allow the study of morphogenetic and differentiation events occurring during thyroid development. (Intro) This is accomplished by first removing the upper jaw and the lower part of the body of embryonic day e12.5 to e14.5 mouse embryos to isolate the neck region of the embryos. (P1) In the second step, the neural tube, lateral tissues, and tongue are removed to expose the upper part of the trachea and esophagus. (P2) Next, the thyroid bud regions or lobes are further cleaned of any undesired tissues. (P3) In the final step, the thyroid explants are plated for culture. (P4) Ultimately, time-lapse imaging, immunostaining or gene expression analysis can be performed to study the epithelial morphogenesis, three-dimensional organization in follicles, vascularization of the explants, or thyroid progenitor polarization and differentiation of the thyroid tissues. (P5)
From Graphic overview.pptx 
(P1) show P1 mouse embryo schematic from slide 1, then with “removing the upper jaw” please add the top red dotted line (possibly also remove top of embryo?); with “and lower part of the body” please add bottom red dotted line (possibly also remove bottom of embryo?)
(P2) show P2 schematic from slide 1, then with narrative, add dotted lines consecutively (in any order) and if possible, remove areas outside of dotted lines from embryo
(P3) with “thyroid bud regions” please show P3’ schematic from slide 1; with “or lobes” please show P3 schematic, then with “further … tissues” if possible remove black part of P3 schematic leaving only red parts of schematic
(P4) show last two red pieces from (P3), then if possible have pieces split up into little red cells and have them “plate” into P4 microwell
(P5) Images from Graphic overview.pptx slide three: with “epithelial morphogenesis” please zoom in on OR show epithelial morphogenesis images; with “three-dimensional organization in follicles” please zoom in on OR show three-dimensional organization in follicles images; with “vascularization of the explants” please zoom in on OR show vascularization of the explants image; with “thyroid progenitor polarization and differentiation” please zoom in on OR show thyroid progenitor polarization and differentiation graph
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Christophe Pierreux: This method can help answer key developmental and differentiation questions about epithelial organization in 3D, lumen formation, and cell polarization, differentiation and growth.  

1.2. Christophe Pierreux: Demonstrating the procedure will be Anne-Sophie Delmarcelle, a graduate student, and Mylah Villacorte, a post doc, both from my laboratory. 
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Dissection of thyroid tissue 

2.1. Under sterile condition in a laminar flow hood, 2 hours before the isolation of the thyroid tissue, dilute sterile type I collagen to a 50 (g/ml final concentration in 10 mM hydrogen chloride and place the collagen on ice. 
2.1.1. WIDE: Talent approaches hood/sits down at hood
2.1.2. MED: Few seconds Talent adding collagen to HCl (or HCl to collagen)
2.1.3. MED: Talent places collagen on ice
2.2. Then cover each of the wells of a plastic culture chamber with 200 (l of the diluted collagen and incubate the chamber at room temperature.
2.2.1. MED: Talent adding collagen to at least one well of plastic culture chamber

2.2.2. MED: Talent places chamber at room temperature
2.3. After 2 hours, aspirate the collagen, rinse the wells with M199 media, and add a minimum volume of 200 (l of culture medium to each well.
2.3.1. MED – over the shoulder: Talent aspirating collagen from at least one well

2.3.2. CU: Few seconds at least one well being rinsed with media (TEXT: See text for all media preparation details)

2.3.3. CU: Medium being added to at least one well
2.4. Place the coated chambers in the incubator, and then proceed with the thyroid dissection.

2.4.1. MED: Talent placing chamber in incubator

MOVE STEP 2.4.2 before 2.8.1
2.4.2. MED: Talent approaches/sits down at bench/other appropriate where dissection will take place

2.5. First place the dissected uterus into a 10-cm plate containing HBSS. 
2.5.1. MED: Talent placing uterus into plate

2.6. Next, use forceps to hold one extremity of the uterus, and then open the uterus with small scissors to consecutively liberate each of the embryos. 
2.6.1. CU/ECU: Shot of uterus being held with forceps, then few seconds uterus being opened
2.7. Use the scissors to separate the embryos from the placenta and then transfer the embryos within their extra-embryonic membranes into a new 10-cm plate containing fresh HBSS.
2.7.1. CU/ECU: Few seconds at least one embryo being separated from placenta

2.7.2. CU: Shot at least one embryo being added to new plate
2.8. Next, continue the dissection under a stereomicroscope. For each embryo, first remove the yolk sac and the amnion. Then, holding tungsten needles in glass capillaries as a knife and fork, remove the top part of the head, including the upper jaw and the ears. 
2.8.1. SCOPE: Few seconds yolk sac and/or amnion being removed from embryo

2.8.2. SCOPE: Needles appear in frame, then few seconds upper jaw/ear being removed from embryo
2.9. Hold the embryo on its back. Then remove an extra piece of the neural tube and after, remove the lower part of the embryo just under the anterior limbs and above the heart.
2.9.1. SCOPE Shot of embryo being held on its back, then few seconds neural tube being removed 

2.9.2. SCOPE: Few seconds lower part of embryo being removed (Video Editor: If possible, with “just under anterior limbs” please indicate the “Anterior limbs” with text and accompanying arrow and, with “above the heart” please indicate the “Heart” with text and accompanying arrow)
2.10. To orient the tissue, transfer the embryo slice containing the tongue and neck region into a new 10-cm plate containing fresh HBSS and remove the neural tube and tissues posterior to the oesophagus and trachea.

2.10.1. MED: Talent transferring tissue into new plate

2.10.2. SCOPE: Few seconds neural tube and tissues being removed
2.11. Now gently section the tissue slice along both sides of the tongue. Then locate the oesophagus and trachea and dissect away the tongue, leaving the arytenoid swelling and the tissue on both sides of the oesophagus and trachea.
2.11.1. SCOPE: Few seconds tissue slices being sectioned (Video Editor: If possible/necessary, please indicate the “Tongue” with text and accompanying arrow when mentioned)

2.11.2. SCOPE: Shot of oesophagus and trachea, then few seconds tongue being dissected away (Video Editor: If possible, please indicate the “Oesophagus” and “Trachea” with text and accompanying arrows the first time mentioned)

2.11.3. SCOPE: Shot of arytenoid swelling and tissue (Video Editor: If possible, please indicate the “Arytenoid swelling” with text and accompanying arrow when mentioned)
2.12. After removing the tongue, dissect away the oesophagus and place the trachea ventral side up. Then dissect away the undesired tissues, such as the thymus and all the tissues located laterally to the pharyngeal arch arteries.
2.12.1. SCOPE: Last few seconds oesophagus being removed, then trachea being placed ventral side up

2.12.2. SCOPE: Few seconds undesired tissues being dissected away (Video Editor: If possible, please indicate the “Thymus” with an arrow and accompanying text and the area lateral to the pharyngeal arch arteries with an outline or similar, both when mentioned)

2.13. Then for the e13.5 or e14.5 embryos, visualize the thyroid lobes on each side of the trachea and further dissect the lobes from the trachea. 
2.13.1. SCOPE: Shot of thyroid lobes, then few seconds lobes being dissected (Video Editor: If possible, please indicate the “Thyroid lobes” with an arrow and accompanying text when mentioned)

2.14. For e12.5 embryos, the dissection can be performed as just demonstrated until after excising the tongue and oesophagus. Then, after locating the pharyngeal arch arteries, remove all the lateral tissues as for e13.5-14.5 embryos, but leave the thymus intact. 

2.14.1. SCOPE: Shot of e12.5 explant right before tongue excision, then few seconds tongue being removed

2.14.2. SCOPE: Shot of pharyngeal arch arteries, then lateral tissues being removed (TEXT: Note: Thyroid anlage located between trachea and arteries) (Video Editor: If possible, please indicate the “Pharyngeal arch arteries” with an arrow and accompanying text and the area lateral tissues with an outline or similar, both when mentioned) 
2.15. Finally, using a pre-wetted filter tip on a P-200 micropipette, transfer the isolated tissue into a 35-mm culture plate containing pre-warmed culture medium.   
2.15.1. CU: Shot of e13.5/14.5 tissue being deposited into new plate of media with micropipette (TEXT: Cut micropipette tip for e12.5 explants)
3. Plating and culture of thyroid tissues
3.1. Before plating the e13.5-e14.5 thyroid explants, first wash the tissue by successive transfer into three wells of a 24-well plate containing 1 ml of pre-warmed culture medium. 
3.1.1. WIDE: Few seconds Talent transferring tissue between wells of 24 well plate with medium

3.1.2. CU: “Washed” tissue being placed into 3rd well
3.2. To plate the lobes onto the pre-coated chambers, first aspirate the culture medium and use a micropipette with filtered tips to carefully plate one thyroid lobe into each of the culture chambers. 
3.2.1. MED – over the shoulder: Talent aspirating medium

3.2.2. CU: Few seconds tissue being placed into at least one chamber
3.3. Remove any excess medium and then place the culture chamber into a tissue culture incubator to allow the explants to attach to the matrix.
3.3.1. CU: Few seconds excess medium being removed

3.3.2. MED: Talent placing chamber into incubator (TEXT: 37°C; 5% CO2)

3.4. Then, after 2 hours, gently add 200 to 300 (l of pre-warmed culture medium to each well and place the chambers back into the incubator.
3.4.1. CU: Few seconds medium being added to at least one well

3.4.2. CU: Chambers being placed into incubator
3.5. To plate the e12.5 trachea region or thyroid lobes on semiporous filters, first fill the wells of a 24-well plate with 330 (l of pre-warmed culture medium.

3.5.1. MED: Talent filling at least one well with medium

3.6. Place filters onto the medium, taking care to avoid trapping air bubbles below the culture filter.
3.6.1. CU: Shot of at least one filter being carefully placed into at least one well (TEXT: e.g. 0.4 (m Millipore filter) 
3.7. Then use a micropipette with filtered tips to carefully transfer the thyroid explants or lobes and a minimal volume of medium onto the center of each of the filters to a maximum of 4 explants per filter. 
3.7.1. MED: Talent placing at least one explant into the center of a filter 

3.7.2. ECU/CU: Last of 4 explants being placed onto filter

3.8. [Spoken by Talent, interview style (looking just off camera)]: “When plating explants onto the filters, it’s important to transfer them to the center of the filter with a minimal amount of medium, to prevent medium to contact and create a meniscus with the filter wall.”
3.8.1. MED: Talent speaking the above, interview style (Authors: Please change the above words if you’d like. In particular, if there are further tips that you can give to help the viewer with these next few steps, this would be a great time to give it.)
3.9. Finally, remove any excess medium and use a tungsten needle to space out the explants. Then place the explants in the tissue culture incubator for up to 7 days, changing culture medium every other day under the laminar flow hood. 
3.9.1. CU: Few seconds excess medium being removed

3.9.2. CU/ECU: Few seconds needle spacing explants out

3.9.3. MED: Talent placing explants in incubator

3.9.4. MED: Few seconds Talent adding medium to at least one well

4. Results: Thyroid folliculogenesis, angiogenesis and differentiation in culture
4.1. After one day in culture on a filter, the midline anlage is visible as an elongated tissue spanning the top length and forming two lobes on each side of the trachea. With culture, the lobes expand, undergoing morphogenesis organization of the epithelial cells into macroscopically visible follicular structures.
4.1.1. LAB MEDIA: Slide 1 Figure file.pptx (Video Editor: with “After one … trachea” please add/highlight/outline the dotted line in the Day 1 images; with “With culture …  structures” please consecutively add/highlight/outline the dotted lines in the Day 2 and 3/7 images)
4.2. As demonstrated in these images, the organization and polarization of the E-cadherin+ epithelial cells can be visualized by ezrin immunolabelling. Over time, the ezrin+ intracellular structures fuse with the pole of the cell that will become the apical pole. 
4.2.1. LAB MEDIA: Slide 2 Figure file.pptx (Video Editor: with “E-cadherin+ epithelial cells” please highlight the red E-cadherin text AND indicate some red staining; with “ezrin+ intracellular structures“ please highlight the green ezrin text AND indicate some green staining) 
4.3. During this process, endothelial cells positive for PECAM (Pronounce: pee-cam [as in camera]) proliferate and organize around the developing follicles to form angio-follicular units. 
4.3.1. LAB MEDIA: Slide 3 Figure file.pptx (Video Editor: with “endothelial cells .. PECAM” please highlight the red PECAM text AND indicate some red staining; with “developing follicles” please highlight the green Ezrin text AND indicate some green staining)

4.4. To quantify the differentiation of the thyrocytes and C-cells, gene expression can be assayed by RT-qPCR of RNA isolated from the cultured thyroid lobes. While the expression of the thyroid transcription factor Nkx2.1 (Pronounce: N-K-X-two-point-one) does not change during the culture, the expression of the thyrocyte-specific thyroglobulin and of C-cell-specific calcitonin dramatically increases, indicating a functional differentiation. 
4.4.1. LAB MEDIA: Slide 4 Figure file.pptx 
(Video Editor: with “While … during the culture” please consecutively highlight/add/otherwise indicate the Nkx2.1 data bars; 
with “expression … thyroglobulin” please consecutively highlight/add/otherwise indicate the Thyroglobulin data bars; 
with “C-cell-specific … increases” please consecutively highlight/add/otherwise indicate the “Calcitonin” data bars)
5. Conclusion (said by authors on camera)
5.1. Christophe Pierreux: After watching this video, you should have a good understanding of how to dissect and culture thyroid explants. You are now ready to perform gain- and loss-of-function experiments using wild type or knockout embryos.
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.  

Graphic overview.pptx

Figure file.pptx
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.
( 2011, Journal of Visualized Experiments


