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Title: A Mouse Fetal Skin Model of Scarless Wound Repair
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? 

2.10-12, 14, 16, 18
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

2.18, careful technique with assistant
E.  Will the filming need to take place in multiple locations? No
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of the following experiment is to reproducibly model fetal cutaneous scarless wound healing in mice. (Intro)  This is achieved by first precisely timing the gestational age of embryos for fetal surgery using the super-ovulation technique. (P1)  Next, in utero fetal surgery is performed to generate a fetal cutaneous wound at precise time points. (P2)  The results show that fetal wounds generated at gestational age E16.5 regenerate whereas those at E18.5 undergo repair with fibrotic scar based on histological staining. (P3)
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. Please keep all layers in the file (i.e., do not flatten the file).   
Video editor:

No graphic was provided at the time of shotlist submission.  However, some stock images should do fine to work through this animation.

P1 – Start with mouse 4139.  Use a syringe 3124 and label it PMS and have it inject the mouse, then use a second syringe labelled HCG and have it inject the mouse.  Next join the mouse with an other mouse and fade the fisrt mouse to 3845, while fading out the second mouse.

P2 – Start with 3019, and zoom into one of the embryos and show it as 2889.  Now, using 1287 (scalpel) cut the fetus as seen in shots for step 3.9.  Then zoom back out to 3019 and return to 3845 and add a clock and 48 hours.  Then, fade back 3019.

P3 – Use Fig 3A until “E18.5”, then switch to Fig 4A.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael Hu: This method can help answer key questions in the scarless wound healing field, such as identifying molecular differences in early gestational wounds that heal without scar formation.  
Protocol (read by voice talent at JoVE):
1.2. EXTRA TITLE CARD: All procedures were performed according to guidelines established by the Stanford Administrative Panel on Laboratory Animal Care (APLAC).
2. Timed Pregnancies – Superovulation Technique
2.1. Zeshaan Maan: Precisely timing the gestational age of mouse embryos for fetal surgery at E16.5 and E18.5 is of critical importance. In this section we detail our protocol for timing mouse pregnancies using PMS and HCG injections to induce superovulation.  (TEXT: PMS – Pregnant Mare's Serum; HCG - Human Chorionic Gonadotropin)

2.1.1. interview shot

2.2. Between the hours of 1 and 3 o’clock in the afternoon, begin by injecting female mice intraperitoneally with three to five units of PMS in 100 microliters of PBS.  The females should be housed at five or fewer per cage.  This is day one of the protocol.

2.2.1. WID: preparing syringe with PMS

2.2.2. CU: attaching needle and showing volume of PMS in syringe

2.2.3. CU: injecting mouse with PMS

2.3. Next, on day three, between noon and two PM, inject the same mice with HCG at the same concentration as the PMS injection.  Ovulation will occur at about 12 hours post-injection.

2.3.1. WID: talent, looking different, prepares syringes/needles with HCG

2.3.2. MED: injecting females with HCG

2.4. Immediately following the injections, mate these females with 8 to 16 week old males. Typically, two females are mated to each male. 

2.4.1. MED: moving two injected females into a cage with one male mouse

2.4.2. CU: threesome of mice in one cage, lid applied

2.5. Now, on the morning of day 4 between six and ten AM, separate the females from the males. Record this timepoint as fetal age E0.5.  Do not bother inspecting for vaginal plugs; between 30 and 50% of the females will be pregnant, depending on the strain.

2.5.1. WID: talent, looking different again, approaches cage with 2 females and male, lifts lid to remove mice

2.5.2. MED: moving male mouse to a new cage and making a note on a cage card, or moving a cage card, identifying the male mouse

2.5.3. CU: two females in cage, lid applied
3. Murine Fetal Surgery (Dorsal Wounding) on E16.5 and E18.5 Embryos
3.1. For sterility, firstly, clean all surfaces of the operating room and equipment with 70% isopropyl alcohol; secondly, sterilize the surgical supplies and instruments by autoclaving them; and, thirdly, use sterile packs that include gauze and surgical instruments.

3.1.1. WID: talent at operating space, spraying with solutions

3.1.2. MED: wiping the bench download

3.1.3. MED: setting out the autoclaved tools and laying out dipers, etc., to prepare for surgery

3.2. After the pregnant dam at fetal age E16.5 to E18.5 has been anesthetized (TEXT: 2.5% isoflurane, 2 L / min followed by 1 L / min), confirm a surgical plane of anesthesia using a toe pinch.  Then apply ophthalmic ointment to the eyes and depilatory cream to the abdomen. 

3.2.1. WID: talent moving mouse from isofluorane chamber to bench

3.2.2. CU: checking for a reaction with toe pinch

3.2.3. MED: applying eye ointment and depiliatory cream
3.2.4. [added] turning of mouse in prep for surgery
3.2.5. [added] applying the depillatory cream
3.3. Remove the cream within 30 seconds and, then, scrub the skin with povidone-iodine and alcohol.

3.3.1. CU: wiping away ointment and applying iodine scrub

3.4. Now,  under a dissection microscope, perform a midline laparotomy using microsurgical scissors.

3.4.1. MED: positioning mouse under scope

3.4.2. SCOPE: laparotomy

3.5. Gently expose the uterus and the fetuses and irrigate the surgical field with warm (TEXT: 38 °C) PBS from a blunt-tip needle.  A blunt-tip needle can be made by bending a normal needle.

3.5.1. SCOPE: exposing uterus and applying solution

3.6. Now, position a fetus so there is full access to the dorsum.

3.6.1. SCOPE: positioning a fetus

3.7. Then, using 7-0 nylon suture, pass a purse string stitch through the uterus overlying the site of intended dorsal wounding.  Position the purse string over a region of dorsum to the left or right of the spinal cord, and in a region of uterine wall devoid of large blood vessels.

3.7.1. SCOPE: placing purse string suture

3.8. Next, in the middle of the purse string, make a 3 mm incision through the uterine wall and the amniotic sac.  Follow this incision by irrigating with more warm PBS.

3.8.1. SCOPE: entering uterus and adding solution

3.9. Then, in the dorsum of the fetus, use microsurgical scissors to cut a single full-thickness excisional wound, about one millimeter long.  Clean up this incision with a cotton-tip applicator.

3.9.1. SCOPE: injuring the fetus and wiping off

3.10. Now, inject three microliters of India ink subcutaneously into the wound site to mark its’ location.  Follow the injection with another blast of warm PBS.  Make sure the ink is retained in the wound site.

3.10.1. SCOPE: marking injury locaiont with ink injection, followed by adding solution

3.11. The next few steps require an assistant.  While closing the purse string suture, have an assistant sustain a stream of warm PBS ejected from a blunted 10-gauge syringe into the amniotic sac.  As the suture strings close, retract the syringe.

3.11.1. MED: assistant gets into position and applies solution

3.11.2. SCOPE: closing the purse string suture with continuous irrigation

3.12. Now, gently return the uterus into the abdominal cavity, evert the skin and peritoneum, and have the assistant irrigate the abdominal cavity. 

3.12.1. SCOPE/ECU: repositioning uterus into mouse, a wider angle may be better now

3.13. Finish by placing staples in the skin and peritoneum to quickly close the abdominal cavity. 

3.13.1. ECU: closing abdomen
4. Post-operative Care and Fetus Harvesting
4.1. After closing the abdomen, place the animal in a warm incubator set at 37 °C.  Observe the recovery over the next 30 minutes or until the animal has regained stable sternal recumbency.

4.1.1. MED: transferring animal from surgical site to incubator

4.1.2. WID: talent observing animal, it has become recumbent 

4.2. Then, administer subcutaneous injection of buprenorphine (TEXT: 0.05 mg bup / kg) and house the animal individually with free access to food and water.  Do not house the animal with others until it has fully recovered from the procedure.

4.2.1. MED: talent prepares bup syringe, gives injection to mouse

4.2.2. CU: sets mouse in home cage 

4.2.3. MED: puts cover on cage, followed by water bottle and adding food

4.3. Keep providing buprenorphine (TEXT: 0.05 mg bup / kg) every 12 hours over the next 48 hours, post-surgery, and as needed based on regular pain assessments.

4.3.1. WID: talent loading another bup syringe

4.4. If necessary, additional post-operative pain relief can be provided with carprofen. (TEXT: 5 mg carprofen / kg, subcutaneous)

4.4.1. MED: loading syringe with carprofen and attaching needle

4.5. 48 hours post-surgery, sacrifice the mother with an overdose of isoflurane (TEXT: > 5% isofluorane).  Sustain the exposure to isofluorane for one minute after she stops breathing. Confirm the euthanasia with a cervical dislocation and harvest the wounded fetus and an unwounded control fetus.

4.5.1. WID: removing sac'd mouse from gas chamber

4.5.2. MED: applying gas mask to mouse

4.5.3. MED: performing a fetal harvest surgery

4.6. For histologic analysis, fix the embryos in 4% PFA followed by embedding in paraffin.  For fluorescent transgenic models, cryopreservation with OCT compound may be appropriate.

4.6.1. CU: setting embryos into a fixative bath

4.6.2. MED: embedding an embryo into paraffin
5. Results: E16.5 Versus E18.5 Wound Healing 
5.1. After performing the procedure correctly, hematoxylin and eosin staining reveals that E16.5 skin heals with minimal scarring, complete re-epithelialization, and only a small increase in the number of inflammatory cells.

5.1.1. LAB MEDIA: Figure 3A

5.2. Moreover, these wounds heal with a normal skin architecture and contain regenerating hair follicles within the site of injury, as noted by the arrows.   An ink depression, at the arrow head, is normal when the ink is applied correctly.

5.2.1. LAB MEDIA: Figure 3B

5.3. Finally, trichrome staining reveals a fine reticular dermal collagen pattern characteristic of unscarred dermis.

5.3.1. LAB MEDIA: Figure 3C

5.4. Compared to wounds made at E16.5, wounds made at E18.5 have a dense scar with loss of normal skin architecture at the site of injury.   This is readily revealed by H and E staining.

5.4.1. LAB MEDIA: Figure 4A

5.5. Similarly, trichrome staining of E18.5 wounded embryos reveals a dense pattern of disorganized collagen deposition, as noted by the arrows.

5.5.1. LAB MEDIA: Figure 4B
6. Conclusion (said by authors on camera)
6.1. Michael Hu: While attempting this procedure, it’s important to remember to be gentle when manipulating the uterus and fetus.
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.  

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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