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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. Also, please list make and model of your microscope)?  Yes, Microscope: Wild Heerbrugg, type 384000
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? __NO_______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___2.4 – 2.10___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  Fetal intratracheal injection. We will practice the protocol a week before the actual recording of the technique by JoVE.

1. Introduction (Schematic Overview and Interview)
A. 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.  
Conceptual Narrative:
The overall goal of the following experiment is to be able to inject an agent of choice directly into the fetal mouse trachea which allows for a more efficient delivery to the airways than existing techniques.
This is achieved by exteriorizing the fetal head through a hysterotomy and accessing the fetal trachea (Editor, use Figure 1, panels 1, then 2, then 3, and finally 4 here).
Next, a vertical neck incision is made to visualize the trachea and a needle is inserted under visual guidance (Editor, zoom in on Figure 1, panel 4 here).   

Then, fluorescent beads or a viral vector is injected into the trachea to efficiently deliver the substance of choice to the fetal airways (Editor, use a screen shot from the video showing the injection).
Microscopic analysis of tissue sections from treated lungs show that intratracheal injection results in a more efficient delivery of fluorescent molecules or viral vectors to the fetal airways compared to the most commonly used intra-amniotic delivery route. (Editor, use Figure 4, a and b (4 panels) here). 

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.   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name Marianne Carlon: The main advantage of this technique over existing methods, like intra-amniotic injection, is that the lungs are targeted more efficiently, as you avoid dilution of the injected substance into the amniotic fluid. This maximizes the amount of vector particles in the lungs. Also, injection into the fetal trachea doesn’t depend on fetal breathing movements, which start at 14 days of gestation. For fetuses treated by intra-amniotic injection, this leads to a variable uptake in the lungs depending on how frequent breathing movements take place.

1.2) Author name Jaan Toelen: Generally, individuals new to this method will find it challenging at first to perform a perfect intratracheal injection. The trachea of the fetal mouse is extremely fragile and can be perforated easily. By doing so you will perform a paratracheal injection and as a result fail to target the lung tissue. But as always practice makes perfect.

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. Fetal Intratracheal Injection

2.1. In preparation for intratracheal, or IT injection, time mate pregnant NMRI mice so that they are 18 days pregnant (TEXT: total gestation E19.5) at the time of surgery. Prior to and after surgery they are housed in filter top cages at normal room temperature and normal daylight with free access to water and chow. 
2.1.1. WIDE Talent approaches bench with cage with pregnant mouse inside and places cage on bench

2.1.2. MED/CU Active, pregnant mouse in cage 
2.2. After anesthetizing the mouse with isoflurane (TEXT: 1.5% in O2 at 1.5 L/min), place it on a heating pad at 37°C to maintain body temperature and check the level of anesthesia by performing a toe pinch.
2.2.1. MED/CU Talent places mouse on heating pad with the nose in a cone to provide the necessary level of gas anesthesia and performs a toe pinch to ensure the mouse is fully anesthetized (ensure that pad is lined with towel to avoid burning the animal)
2.3. Disinfect the abdomen with povidone iodide and perform a median laparotomy to expose the pregnant uterus.
2.3.1. MED/CU Talent disinfects the abdomen; B need a variation of this for 3.1.1 below (Videographer, get enough footage to be used for both shots - 2.3.1 and 3.1.1) 
2.3.2. MED/CU Talent performs a median laparotomy, exposing the uterus; B, need another version of this for 3.1.2 below (Videographer, get enough footage of the laparotomy to be used for both shots - 2.3.2 and 3.1.2)
2.4. Exteriorize one uterine horn at a time and count the number of gestational sacs. One fetus per horn is operated on based on the optimal position for exteriorization of the fetal head. 
2.4.1. CU/ECU Talent exposes the uterine horns and counts the number of sacs then examines the fetuses for optimal position of head through uterine wall (Videographer, please get enough footage for the VO); B, need footage of this for 3.2.1 below
2.5. To fix the fetus inside the uterus from the shoulders, pass a 6-0 prolene purse string suture of approximately 1 cm in diameter through the uterine wall and the fetal membranes over the area where the fetal head will be exposed.
2.5.1. CU/ECU Talent passes a 6-0 purse string suture through uterine wall and membranes and over where fetal head will be exposed
2.6. Next, gently squeeze the head and the neck of the fetus through the hysterotomy. Then, gently pull the purse string suture tight around the neck and use 2 Micro-Mosquito forceps to fix it in position.
2.6.1. CU/ECU Talent squeezes the head and neck through the hysterotomy then gently pulls the purse string tight and fixes it into position with forceps
2.7. Use 5-0 polyglactin 910 suture on two forceps placed into the mouth around the upper jaw to keep the fetal head in hyperextension.

2.7.1. CU/ECU Talent uses suture and forceps to fix head into hyperextension

2.8. Under a stereomicroscope, visualize the trachea using sharp and blunt dissection to make a vertical neck incision (TEXT: ~5mm).  Further dissect the underlying tissue to reach the trachea.

2.8.1. SCOPE Talent makes a sharp dissection and further dissects the underlying tissue by blunt dissection to reach the trachea

2.9. Using a 50 ul Hamilton glass syringe with a 30G sharp needle, inject a total volume of 30 ul of substance.  Minimal efflux of the injected liquid upon removal of the needle ensures that the injection was performed properly (TEXT: incision is not closed).

2.9.1. SCOPE A second talent injects substance and removes needle with little efflux of liquid

2.10. To replace the head in the uterus, apply gentle pressure on the nose. The neck first goes back into the uterus, followed by the head and finally the nose. 
2.10.1. ECU Talent applies pressure to nose and the neck, head, and nose go back into uterus; 
2.11. Insert a needle containing saline into the incision inside the purse string, close the hysterotomy by tightening the purse string, and inject a total of ~500 ul of saline into the amniotic cavity to prevent oligohydramnios. 
2.11.1. ECU Talent inserts a needle and closes purse string then injects saline - Videographer, shoot 3.3 here 

2.12. After replacing the uterus into the abdomen, use a 5-0 Vicryl running suture in two separate layers to close the maternal abdominal wall.  Infiltrate the incision with 0.2% xylocaine for post-operative pain relief.   Keep the mouse on a heating pad until it has fully recovered (TEXT: 37 °C, ~ 1 hr).
2.12.1. CU Talent places uterus back into abdomen; B, need a variation for 3.4.1 here - Videographer, get enough footage for both shots (2.12.1 and 3.4.1)
2.12.2. CU Talent closes abdominal wall

2.12.3. CU Talent infiltrates incision with xylocaine

2.12.4. MED/CU Mouse on heating pad
3. Fetal Intra-amniotic Injection
3.1. To perform a fetal intra-amniotic, or IA injection (TEXT: E18), after anesthetizing the pregnant mouse, use povidone iodide to disinfect the abdomen and perform a median laparotomy to expose the pregnant uterus.  

3.1.1. MED/CU Use 2.1.3B here Talent disinfects abdomen 

3.1.2. MED/CU Use 2.3.2B here Talent performs laparotomy to expose uterus
3.2. Exteriorize one uterine horn at a time and count the number of gestational sacs.
3.2.1. CU/ECU Use 2.4.1B here Talent exposes one uterine horn at a time
3.3. Using a 50 ul Hamilton glass syringe with a 30G sharp needle, insert the needle into the sac close to the fetus’s mouth without coming in contact with the fetus and inject 30 ul of solution into the amniotic fluid. 

3.3.1. CU/ECU Talent inserts needle and injects solution into amniotic fluid

3.4. After all fetuses have been injected, reposition the uterus in the abdomen and use 5-0 Vicryl suture to close the abdominal wall and skin.  

3.4.1. CU/ECU Use 2.12.1B here Talent repositions the uterus into the abdomen

3.4.2. CU Talent closes the wall and skin

3.5. After euthanizing the dam 36 hours after fetal intervention, deliver the fetuses by caesarean section and assess their viability by checking for the presence of a heartbeat, pink skin color, and spontaneous movements. Place the pups nearby an oxygen supply to stimulate breathing and oxygen uptake. Then mark the pups at the base of the tail using Chinese Ink.
3.5.1. CU Talent delivers the fetuses 

3.5.2. CU/ECU Talent check for presence of heartbeat, pink skin and movements and places the pups nearby oxygen supply to stimulate breathing and oxygen uptake. Fostered pups are marked at the base of the tail using Chinese Ink.
3.6. While learning to perform a fetal intratracheal injection, a successful injection can be evaluated by euthanizing an operated fetus and dissecting the lungs to macroscopically evaluate the presence of the visible dye in the lungs compared to non-injected control lungs.
3.6.1. ECU The presence of a visible dye (red) in the lungs is evaluated after dissecting the fetal lungs from euthanized pups. The lungs of a fetus injected by intratracheal injection are compared to negative control lungs.

3.6.2. Talent checks a mouse with visible dye present in thoracic cavity or abdominal wall then marks it at base of tail

3.7. Next cover the remainder of the pups that meet the viability criteria in bedding material containing feces and urine from a foster mother with one-day old pups, and place the pups in with the foster mother’s litter.  Leave no more than 10 pups in total in the foster mother’s litter.
3.7.1. MED/CU Talent covers pups in litter from foster mother
3.8. Then place the cage in a quiet undisturbed environment for 12 hours and assess the survival rate of fostering (TEXT: see written protocol for details). 

3.8.1. MED Talent approaches the cage on bench after letting it sit for 12 hours and examines the survival rate of the pups 
4. Representative Fetal Injection Results-(second to last section) 
4.1. To determine the optimal volume for IT injection, 10, 20, and 30 ul volumes of 100 nm red fluorescent molecules were empirically chosen.  Shown here are confocal images of fixed lung sections with actin and nuclei staining. Although at the time of fetal surgery, a backflow was detected only after injection of 30 µl, indicating an excess of fluids injected, 30 µl gave the highest amount of fluorescent signal in the lung parenchyma as quantified by measuring the relative fluorescence.
4.1.1. LAB MEDIA Figure 3: Determination of the optimal volume for intratracheal injection (20x magnification confocal images)
4.2. As shown here, IT injection resulted in a significantly higher delivery of fluospheres to the fetal lung compared to the IA route. The gastro-intestinal tract was also positive for both the I.T. and the I.A. injected animals. No red fluorescence was observed in other tissues from treated fetuses or in the negative control animals.
4.2.1. LAB MEDIA Figure 4 a-c, then d: Quantitative assessment of fluospheres in pulmonary tissue and biodistribution to the gastro-intestinal tract (20x magnification confocal images)
4.3. To assess the efficacy of viral transduction after injection, IT and IA injections were performed with rAAV vectors encoding firefly luciferase under the control of the chicken beta actin promoter.   At one week of age the total photon flux for the IT group was significantly higher than for the IA pups and the negative control.

4.3.1. LAB MEDIA Figure 5: Comparison of intratracheal and intra-amniotic injection following rAAV2/6.2 mediated gene delivery in the fetal lung
4.4. To distinguish between a correct and incorrect IT injection a combination of magnetic resonance imaging, or MRI and bioluminescence imaging, or BLI were carried out to obtain an overlay image which combines the surface BLI signal with a visualization of the deeper anatomical structures from the MR imaging.  As shown here, at one week of age, BL imaging revealed a signal emanating from the neck and thoracic region. Co-registration of MRI with BLI located luciferase gene expression in the pulmonary region following a correct injection (Figure 6 a, 20x magnification light microscopic images), but in the neck and abdominal area after an incorrect injection (Figure 6 b, 10x magnification light microscopic images). Histological analysis by X-gal staining confirmed the in vivo co-registration.
4.4.1. LAB MEDIA Figure 6 Editor, show the top panels from both 6a and b first, labeling ‘a’ as correct intratracheal injection and ‘b’ as incorrect.  Point out the BLI imaging then the co-registration panels with the VO.  Bring in the histological stainings (bottom two panels from both a and b) with the last sentence of the VO).

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

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.  Evaluation of Morpholino Injection and Knockdown
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/video/1597/results-example-mably?access=ksw0bprj 

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
5.1. Author name Jaan Toelen: Once mastered, the entire procedure of the intratracheal injection - from incision to closure of the mother animal - can be performed in half an hour. A short operation time will result in better fetal survival and more animals that can be studied after birth.
5.2. Author name Marianne Carlon: After the development of this microsurgical procedure, this technique paved the way for researchers in the field of fetal gene therapy for lung disorders such as cystic fibrosis to use this technique for delivering the gene of interest to the fetal mouse lungs. 
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.
4219_JanDeprest_Figure 1_copyright KU Leuven_ID.tif - Intratracheal injection in E18 fetal mice
4219_JanDeprest_Figure 2.tif – General overview of the experiment
4219_JanDeprest_Figure 3.tif – Determination of the optimal volume for intratracheal injection
4219_JanDeprest_Figure 4.tif – Quantitative assessment of fluospheres in pulmonary tissue and biodistribution to the gastro-intestinal tract
4219_JanDeprest_Figure 5.tif – Comparison of intratracheal and intra-amniotic injection following rAAV2/6.2 mediated gene delivery in the fetal lung
4219_JanDeprest_Figure 6a.tif – Distinction between a correct and an incorrect fetal intratracheal injection following rAAV2/6.2 mediated gene delivery in the fetal lung
4219_JanDeprest_Figure 6b.tif – Distinction between a correct and an incorrect fetal intratracheal injection following rAAV2/6.2 mediated gene delivery in the fetal lung
All images are at least 300 dpi.

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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