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Title: Derivation of mouse trophoblast stem cells from blastocysts
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number)?  __Y (dissecting microscopy) steps 2.9 and 2.10_
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? __N____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.6 to 2.11 and 2.15____
D.  What is the single most difficult aspect of this procedure?  At step 2.15, the timing to break blastocyst outgrowth is critical.
0.  Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
(Intro) The overall goal of this procedure is to derive TS cells from mouse blastocysts.
(P1) This is accomplished by first, isolating the uterine horns and recovering blastocysts from pregnant mice.
(P2) The second step of the procedure is to culture blastocysts on MEF feeders in conditions favoring the growth of TS cells.
(P3) The third step of the procedure is to expand TS colonies and eventually culture TS cells in the absence of MEF feeders.
(P4) The final step of the procedure is to culture TS cells with maintenance of stem cell properties, to perform cryopreservation, and to induce trophoblast differentiation.

(P5) Ultimately results can be obtained that show_the expression of a trophoblast stem cell marker (i.e., Cdx2) in undifferentiated TS cells or a differentiated marker (i.e., p450scc) after their maturation into trophoblast giant cells through immunofluorescent microscopy.
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
1. Introduction (said by the demonstrator to the camera)  

Authors, please select from “single” or “multiple author introductions” and complete the statements below.

Single author introduction:

1.1. “Hi, I’m Shang-Yi Chiu from the Laboratory of Wei Hsu in the Department of Biomedical Genetics at the University of Rochester Medical Center.”
1.2. “Today we will show you a procedure for trophoblast stem cell derivation.”
1.3. “We use this procedure in our laboratory to study the growth and differentiation of trophoblast cells and their role in extraembryonic development for the making of a healthy placenta.  So let’s get started…”
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Derivation and maintenance of trophoblast stem (TS) cells
A. Collecting blastocysts

2.1. To begin this procedure, set up a breeding cross between your mice of interest.
Shots:
2.1.1. MED: Talent placing the two mice into a cage to set up breeding.
2.2. Next, prepare mouse embryonic fibroblasts (MEFs) as feeder cells.  Two days before the collection of blastocysts, plate MEFs (text: 2x106 MEF cells) in 100 mm dishes. 
Shots:

2.2.1. MED: Talent approaching the tissue culture hood with a plate(s) of MEFs and puts the plate(s) into the hood.
2.2.2. CU:  MEFs being plated in a 100 mm dish.
2.3. On the following day, treat these MEF cells with 10 ml of TS medium containing 20 g/ml mitomycin C for 2 hours at 37oC, 5% CO2 (text: Treat with mitomycin C for 2 hours at 37oC, 5% CO2).  After 2 hours, wash cells twice with PBS (text: 2x PBS wash).
Shots:

2.3.1. CU: 10 ml TS medium with mitomycin C being added to MEF cells in 100 mm dish and lid is put back on dish.

2.3.2. MED: Talent putting the 100 mm dish into the 37oC, 5% CO2 incubator.

2.3.3. MED/over the shoulder: Talent pipetting PBS into the dish and then removing PBS.
2.4. Resuspend the mitomycin C-treated MEF cells in 10 ml TS medium and seed the cells in a 12-well plate (text: Seed cells at 1x105 cells/well, 0.5 ml/well).  
Shots:

2.4.1. CU: 10 ml TS medium being added to MEF cells and cells are resuspended.

2.4.2. CU: 0.5 ml of resuspended cells being pipetted into each well of a 12-well plate.
2.5. On the day of blastocyst collection (text: 3.5 dpc, referred to as day one), replace the MEF culture medium with TS medium plus 1x FGF4/Heparin (text: 0.5 ml/well of TS medium plus 1x FGF4/Heparin).  
Shots:

2.5.1. MED/over the shoulder: Talent placing the 12-well plate into the hood.
2.5.2. CU: Culture medium being removed from one well and replaced with new medium.
2.6. We are now ready to collect blastocysts from the mouse uterus. First, lay the euthanized animal on its back and clean the skin and fur with 70% ethanol.  Next make a small lateral incision, and pull the skin toward the head and tail to expose the abdomen.
Shots:

2.6.1. MED: Talent placing the mouse on the work surface and then cleaning the skin and fur with ethanol.

2.6.2. CU: Small lateral incision is made and the skin is pulled toward the head and tail to expose abdomen.
2.7. Cut through the peritoneum laterally to expose the abdominal cavity.  Locate the uterus. Remove the uterus by grasping it with forceps at the cervix (located behind the bladder) and cutting across the junction of the uterus and cervix.
Shots:

2.7.1. CU: Peritoneum being cut through to expose abdominal cavity.

2.7.2. ECU: Uterus being located (indicate the uterus).

2.7.3. ECU: Uterus is grasped with forceps at the cervix.

2.7.4. ECU: Cutting of the junction of uterus and cervix.
2.8. Pull the uterus and trim the membrane and fat tissues away.  Then cut the uterus below the junction with the oviduct.  Place the uteri in 0.2 ml of TS medium in a 35-mm plate.
Shots:

2.8.1. CU: Uterus is pulled and tissues trimmed away.

2.8.2. ECU: Uterus being cut below the junction with the oviduct.
2.8.3. CU: Uteri being placed in 35-mm plate with TS medium.
2.9. Now fill a 1-ml syringe (text: with 26-gauge needle attached) with 1 ml of TS medium. Insert the needle into the base of one uterus and flush slowly into a new 35-mm plate.  The uterus should be inflated and extended fully during flushing.  In the same way, flush the other uterine horn. 
Shots:

2.9.1. MED: Talent filling syringe with TS medium.

2.9.2. SCOPE: Needle being inserted into base of one uterus and flushed into new plate (please capture the uterus inflating and extending).

2.9.3. SCOPE: Other uterus being flushed. (please capture the blastocysts in the plate, if possible).
2.10. Using a mouth-controlled pipette, collect and transfer the blastocysts carefully into a clean 12-well plate containing TS medium. Wash blastocysts three times by serial transfer through TS medium in 12-well plates (text: Wash 3x by serial transfer).
Shots:

2.10.1. MED: Talent mouth-pipetting the blastocysts into 12-well plate.

2.10.2. SCOPE: A shot of the blastocysts in a well.

2.10.3. SCOPE: Blastocysts being pipetted into a new well.
2.11. Place one blastocyst per well in a 12-well plate containing the mitomycin C-treated MEF feeders. Culture at 37oC, 5% CO2.
Shots:

2.11.1. SCOPE: One blastocyst being pipetted into a well (or show Figure 2A).
2.11.2. MED: Talent putting the 12-well plate into the incubator.
2.12. The blastocysts will hatch from the zona pellucida and attach to the wells in 24 to 36 hours. A small outgrowth will be readily observed on day 3.  Feed the cultures with 500 l fresh TS medium plus 1x FGF4/Heparin.  
Shots:

2.12.1. LAB MEDIA: Use image of a hatched blastocyst (to be provided by author).

2.12.2. LAB MEDIA: Use image of blastocyst with small outgrowth (to be provided).

2.12.3. CU: Medium from a well being removed and new medium added.
 B. Establishing TS cell lines
2.13. On day 4 or 5, the blastocyst outgrowth should be ready for disaggregation depending on its size.  The ideal size for TS cell disaggregation is illustrated here (Figure 3B).
Shots:

2.13.1. MED: Multiple takes from different angles of talent placing the 12-well plate under the scope and checking the blastocysts.  Shot will be repeated later.
2.13.2. LAB MEDIA: Figure 3B
2.14. Wash the cultures once with 0.5 ml PBS.  Then add 100 l 0.25% trypsin/EDTA and incubate for 5 minutes at 37oC, 5% CO2.  
Shots:

2.14.1. CU: Multiple takes from different angles of 0.5 ml PBS being added to one of the wells and then removed.  Shot will be repeated later.
2.14.2. CU: Trypsin being added to the well.

2.14.3. MED: Multiple takes from different angles of talent putting the 12-well plate into the incubator.  Shot will be repeated later.
2.15. Next break the blastocyst outgrowth into small clumps by pipetting up and down vigorously with a P100 pipetteman.  Stop the trypsinization by adding 0.5 ml 70CM-1.5F4H medium (text: 70CM-1.5F4H = 30% TS medium, 70% MEF-CM plus 1.5x FGF4/Heparin) into the well.  Return cells immediately to the incubator.
Shots:

2.15.1. MED: Talent setting the 12-well plate down in the hood and picks up a P100 pipetman.
2.15.2. CU/ECU: Outgrowth in a well being pipetted up and down vigorously to break it up.

2.15.3. CU: Multiple takes of 70CM-1.5F4H medium being added to the well.  Shot will be repeated later.
2.15.4. Use shot from 2.14.3.
2.16. Eight hours after disaggregation, change the medium.  Continue to feed the cells every 2 days.
Shots:

2.16.1. CU: Medium being removed and new medium added to a well.

2.16.2. MED/over the shoulder: Multiple takes from different angles of talent changing the media of cells of a 12-well plate.  Shot will be repeated later.
2.17. Between days 6 and 10, and this is highly variable, TS cell colonies can be observed.  They have flat, epithelial sheet like morphology with a clear colony boundary (Figure 2C).  Continue to feed the cultures every 2 days.
Shots:

2.17.1. Use shot from 2.13.1.

2.17.2. LAB MEDIA: Figure 2C.

2.17.3. Use shot from 2.16.2.

2.18. When the TS cells reach 50% confluency, usually between days 15 and 20, wash them once with PBS and add 100 l 0.25% trypsin/EDTA.  Pipette up and down during trypsinization to ensure a near single-cell suspension.
Shots:

2.18.1. Use shot from 2.14.1.
2.18.2. CU: 100 l 0.25% trypsin/EDTA being added to a well and then cells are pipetted up and down.
2.19. After 5 minutes stop the trypsinization by adding 70CM-1.5F4H medium. Then transfer cells to new 6-well plates containing the previously prepared mitomycin C-treated MEF feeders (text: 2.5x105 MEF feeder cells/6-well plate) and incubate at 37oC, 5% CO2.  
Shots:

2.19.1. Use shot from 2.15.3. 
2.19.2. CU: Cells being transferred to a 6-well plate containing MEF feeders.
2.19.3. MED: Multiple takes from different angles of talent putting the 6-well plate into the incubator.  Shot will be repeated later.
2.20. Change medium 8 hours after passage and continue to feed the cultures every 2 days (text: feed cultures every 2 days). 
Shots:

2.20.1. CU: Medium being removed and replaced from a well of a 6-well plate.

2.20.2. MED: Talent changing the medium of the cells in the 6-well plate.
2.21. After one or two more passages on the MEF feeders, the TS cells may be cultured without them.  To separate TS cells from the MEF feeders, after passing the cultured cells, incubate them at 37oC, 5% CO2 for 30 minutes (text: 30 min incubation).  Because MEFs attach to the culture plate much faster than TS cells after trypsinization, most MEFs will attach to the plate while the TS population remains in suspension.  
Shots:

2.21.1. MED: Multiple takes of talent passing cells (i.e., pipetting cells into a new 6-well plate after trypsinization).  Shot will be repeated later.
2.21.2. Use shot from 2.19.3. 

2.21.3. LAB MEDIA: author will provide image of TS cells in suspension and MEF cells attached.
2.22. Transfer the supernatant to a new plate.  Repeat this process of separating the TS cells from the MEF feeders for several passages to obtain a pure TS population (text: Repeat cell separation for several passages).
Shots:

2.22.1. CU: Multiple takes of supernatant from a well being transferred to a new 6-well plate. Shot will be repeated later.
2.22.2. Use shot from 2.21.1.

2.22.3. Use shot from 2.22.1.
2.23. Maintain TS cells in 70CM-1.5F4H medium and pass them every 4 days (text: 1:10 to 1:20 split), or when the culture reaches 70% confluency.  
Shots:

2.23.1. CU: A shot of a 6-well plate with TS cells in the incubator.
2.23.2. Use shot from 2.21.1.
2.24. Finally, the identity of TS cells can be confirmed by immunostaining of a cell marker, Cdx2 (Figure 3).  
Shots:

2.24.1. LAB MEDIA: Figure 3.

3. Freezing and Thawing TS cells
3.1. To freeze TS cells, collect them by trypsinization, followed by centrifugation at 4500g for 6 min (text: 4500g for 6 min).
Shots:

3.1.1. MED: Talent transferring trypsinized cells (from a 60 mm plate) to centrifuge tube(s).

3.1.2. MED: Multiple takes from different angles of talent closing the lid of the centrifuge and setting the speed and time of spin.  Shot will be repeated later.
3.2. Resuspend the cells in TS medium with an equal volume of 2x freezing medium (text: 50% FBS, 30% TS medium and 20% DMSO) and transfer to cryo vials (text: 1 ml per vial). A 60 mm plate that is 70% confluent is usually kept in 2 vials.  
Shots:
3.2.1. CU: TS/freezing medium being added to a cell pellet (in centrifuge tube) and cells are resuspended.
3.2.2. CU: 1 ml of cells being transferred to a cryo vial.
3.3. Freeze the cells slowly using an isopropyl alcohol chamber at -70oC.  Transfer to liquid nitrogen after 24-48 hours.  
Shots:

3.3.1. MED: Talent placing the two vials of cells into an isopropyl alcohol chamber.

3.3.2. WIDE: Talent transferring the cells to liquid nitrogen.
3.4. Thawing TS cells should be done quickly by thawing the vial in 37oC. Transfer the thawed cells to a 15-ml tube containing 10 ml TS media and collect the cells by centrifugation (text: 4500g for 6 min). 
Shots:

3.4.1. CU: A cryo vial being placed into a 37oC water bath.

3.4.2. CU: Talent transferring thawed cells to a 15-ml tube containing 10 ml TS media.

3.4.3. Use shot from 3.1.2.
3.5. Resuspend the cells in 70CM-1.5F4H medium and seed each vial of cells in a 60 mm plate. 
Shots:

3.5.1. MED: Talent resuspending cells and seeding a 60 mm plate.
4. Differentiation of TS cells into trophoblast giant cells in vitro
4.1. Differentiation of TS cells into trophoblast giant cells (TGCs) can be induced by the withdrawal of MEF-CM, FGF4 and heparin.  The TGCs are easy to identify in culture with enlarged nuclei and cell bodies (Image from author).  The TGC phenotype can also be detected by immunostaining of a TGC marker, p450scc, shown in green, counterstained with DAPI, shown in red.  As observed here, differentiated (Diff) cells express p450scc while undifferentiated (Undiff) cells do not (Figure 4A).
Shots:

4.1.1. LAB MEDIA: Image from author of TGCs.

4.1.2. LAB MEDIA: Figure 4A.
4.2. Flow cytometric analysis of the differentiated cells, stained with propidium iodide (PI) further shows a higher DNA content, with M1 representing two to four copies and M2 representing more than four copies of DNA.  These results suggest that TS cells undergo endoreduplication to become polyploid TGCs, represented by the M2 population (Figure 4B).  
Shots:

4.2.1. LAB MEDIA: Figure 4B.
INSTRUCTIONS FOR AUTHORS:

Please write narration for any representative video image, or representative data files above.  We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Representative Results

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
5. Conclusion (said by authors to camera)
 You will say this part to the camera.

5.1. “We’ve just shown you how to collect blastocysts and derive mouse TS cells from blastocysts.”
5.2. “When doing this procedure it’s important to remember to keep your eyes on the outgrowth of blastocysts when establishing the TS cell lines and to make sure their pluripotency is maintained in culture conditions.”

5.3. “So that’s it.  Thanks for watching and good luck with your experiments.”

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 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.

0. Schematic Overview graphics
2.12. Image showing blastocysts attached to well.

2.12. Image showing small outgrowth on day 3.
2.13. Figure 3B (provided)

2.17. Figure 2C (provided)

2.21. Image showing attached MEFs and floating TS cells.
2.24. Figure 3 (provided)

4.1. Image of TGCs (to be provided)
4.1. Figure 4A (provided)

4.2. Figure 4B (provided)
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.
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