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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? Y 

If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.1.-2.4., 2.7., 3.1.-3.3., 3.6.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.1.-3.3., 3.6.,
E.  Will the filming need to take place in multiple locations? Y, 0.2-0.5 miles apart 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to induce maternal immune activation, or MIA (Pronounce: M-I-A), in mice by intraperitoneal injection of the viral mimic poly(I:C) (Pronounce: polly I-C) at the mid-gestational embryonic stage. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Ke-Huan Chow: This method can help answer key questions in the neuroimmunology field, such as how does immune dysfunction lead to perturbations in brain development and behaviors? 

1.2. Ke-Huan Chow: The main advantage of this technique is that it is specifically designed for researchers interested in studying MIA as an environmental risk factor for autism and schizophrenia. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Wei-Li Wu: Generally, individuals new to this method will struggle, because small differences in the MIA induction method can significantly alter the downstream response in the offspring.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the California Institute of Technology.
Protocol (read by voice talent at JoVE):
2. Timed-mating pair setup
2.1. To set up a timed mating pair, begin by housing 5 female mice per cage next to each other in standard mouse cages to synchronize their estrous cycles [2.1.1.-WIDE-TXT] and use an ear punch to label each animal [2.1.2.-CU].
2.1.1. Few seconds Talent adding at least one mouse to cage
2.1.2. Few seconds one mouse ear being punched 
2.2. Zero to two hours before the dark cycle begins, house the female mice two to a cage [2.2.1.-MED] and weigh and record the body weight of each individual mouse [2.2.2.-MED].
2.2.1. Talent placing second mouse in cage, if possible with 1st mouse visible in cage
2.2.2. Talent writing down mouse weight, with mouse on scale visible in frame 
2.3. Then add one male mouse per cage of two female mice [2.3.1.-CU-TXT].
2.3.1. Male mouse being placed into cage with two other female mice visible in cage (TEXT: Trio mating minimizes paternal confounding effect) 

2.4. Zero to four hours after the dark cycle ends, gently lift each female mouse by the base of the tail [2.4.1.-MED], allowing the animal to grip the cage grid with the forepaws [2.4.2.-CU], to determine the existence of a whitish mass in the vaginal opening [2.4.3.-ECU].

2.4.1. Talent picking mouse up by base of tail

2.4.2. Mouse gripping cage grid with forepaws

2.4.3. Shot of vaginal plug 

2.5. If a plug is not apparent, gently insert a 200 microliter pipette tip into the vaginal opening [2.5.1.-ECU]; resistance from coagulation confirms the formation of a plug [2.5.2.-ECU]. 
2.5.1. Shot of vaginal opening without visible plug, then tip appears in frame (Videographer: Combine 2.5.1. and 2.5.2. as appropriate)

2.5.2. Few seconds tip being inserted/meeting resistance (Videographer: Combine 2.5.1. and 2.5.2. as appropriate) (TEXT: Check vaginal plug once/day)

2.6. Group the plugged mice in a new cage [2.6.1.-MED-TXT].

2.6.1. Talent placing at least one mouse in cage, with at least one other mouse visible in cage (TEXT: Vaginal plug appearance = E0.5)

2.7. As the presence of a vaginal plug confirms only that copulation has occurred, on embryonic days 10.5-11.5, lift each female mouse with a vaginal plug by the base of the tail [2.7.1.-MED] and look for a bulge in the abdomen [2.7.2.-LM].

2.7.1. Talent lifting mouse by base of tail and letting mouse grip cage grid with forepaws.
2.7.2. Authors: please provide Figure 1 as its own .ai, .tif or .psd file: please add/flash arrow and/or indicate right image (TEXT: Pregnancy more apparent at E11.5) We switched to a different strain of mice. The strain we are using for the film is C57BL/6, not BTBR.
2.8. Then weigh the mice to verify the pregnancy [2.8.1.-LM] and house the pregnant animals in individual clean cages [2.8.2.-CU].
2.8.1. Authors: please provide Figure 2 as its own .ai, .tif or .psd file: please circle/indicate closed square 10.5 and 12.5 data points
2.8.2. Pregnant mouse being put into cage
3. Polyinosinic:polycytidylic acid [Poly(I:C)] injection
3.1. On embryonic day 12.5, add the appropriate volume of 0.9% sodium chloride to the corresponding volume of poly(I:C) in a conical tube [3.1.1.-WIDE-TXT] and close the cap [3.1.2.-MED].
3.1.1. Few seconds Talent adding sodium chloride to tube [TEXT: See text for poly(I:C) experimental concentration details]
3.1.2. Talent closing cap
3.2. Gently roll the saline droplet over the powder until the solution is clear [3.2.1.-ECU]. Then centrifuge the tube [3.2.2.-MED-TXT] and transfer the poly(I:C) solution to a microcentrifuge tube [3.2.3.-CU].
3.2.1. Few seconds saline being rolled over droplet 
3.2.2. Talent placing tube(s) into centrifuge (TEXT: 1 min, 800 x g, RT)
3.2.3. Few seconds solution being added to microcentrifuge tube
3.3. Use a spectrophotometer to measure the 260/280 ratio of the poly(I:C) solution [3.3.1.-MED]; the ratio should be between 1.54-1.82 as described by the manufacturer [3.3.2.-LM].
3.3.1. Talent adding sample to spectrophotometer
3.3.2. Authors: please provide Figure 3 as its own .ai, .tif or .psd file: please highlight/indicate 260/280 ratio of 1.68
3.4. Next, weigh the first mouse [3.4.1.-MED] and load a 0.3 ml insulin syringe with the corresponding calculated volume of poly(I:C) solution [3.4.2.-MED-TXT].

3.4.1. Talent adding mouse to scale

3.4.2. Few seconds Talent loading syringe [TEXT: body weight (g) x 5 = injection volume (microliters)]

3.5. Then, picking the mouse up by the tail, place it on the cage top [3.5.1.-MED] and secure it by the scruff [3.5.2.-CU-TXT].

3.5.1. Talent picks mouse up by tail and place it on cage top

3.5.2. Mouse being grasped by scruff (TEXT: Minimize handling to avoid confounding stress effects) 

3.6. Now insert the needle, bevel side up [3.6.1.-CU], into the center of the two upper nipples at approximately 20 degrees relative to the mouse [3.6.2.-CU] and administer the poly(I:C) solution [3.6.3.-CU-TXT]. 
3.6.1. Shot of needle, bevel side up (not obvious), above mouse abdomen (Videographer: Combine 3.6.1. and/or 3.6.2. and/or 3.6.3 as appropriate)

3.6.2. Few seconds needle being inserted between two upper nipples at 20 degrees relative to mouse (Videographer: Combine 3.6.1. and/or 3.6.2. and/or 3.6.3 as appropriate)

3.6.3. Few seconds solution being injected (TEXT: Inject controls w/ saline)
3.7. Then place the mouse back into the cage [3.7.1.-MED].
3.7.1. Talent placing mouse in cage 
3.8. After all of the mice have been injected, house the cages in a quiet, low traffic room to avoid other confounding effects [3.8.1.-MED] and weigh the mice the next morning [3.8.2.-CU-TXT].
3.8.1. Talent taking cage into room/Talent placing cage onto rack/Talent leaving lab with cage or other appropriate
3.8.2. Mouse on scale/being put onto scale (TEXT: Do not disturb again until pups are born)

4. Maternal immune activation (MIA) adult offspring behavioral abnormality evaluation
4.1. At least 3 days before the behavioral testing, change the cage bedding of the 8-12 week old adult maternal immune activation, or MIA (Pronounce: M-I-A), offspring [4.1.1.-WIDE]. 

4.1.1. Few seconds Talent changing bedding (e.g. adding new bedding/discarding old bedding/other appropriate shot)

4.2. Thirty minutes before the test, acclimate the mice to the testing room [4.2.1.-MED].

4.2.1. Talent placing mouse cage in testing room

4.3. For a prepulse inhibition test, restrain the mice in Plexiglas cylinders on top of a piezoelectric sensor [4.3.1.-CU].
4.3.1.  Few seconds tail of mouse being pulled out end of one restrainer, with electric sensor visible under restrainers (Videographer: Just end of mouse being pulled out, without mouse struggling while being positioned in restrainer being show) We got confused when we took this shot. In this step, we shot the part of placing the mouse in the Plexiglas cylinder.
4.4. Acclimate the mouse to the prepulse inhibition chamber for 5 minutes with 6 trials of 120 decibels of white noise [4.4.1.-MED].
4.4.1. Talent turning on white noise (Videographer: More Talent than mice in shot) (Video Editor: please get at least a little bit of white noise sound in shot) 
4.5. Then expose the mice to randomized mixtures of sound as outlined in the table [4.5.1.-LM] and compare the results to the baseline startle response to determine the prepulse inhibition of the MIA animals [4.5.2.-LM]. 
4.5.1. Authors: please provide this information in table format: 14 trials of background noise, 14 trials of Startle, 14 trials of prepulse 5 dB (5 dB higher than background noise) + Startle (PPI5), and 14 trials of prepulse 15 dB (15 dB higher than background noise + Startle (PPI15)
4.5.2. Authors: please provide the PPI graphs together in one .ai, .tif or .psd file without the “D” and “E” labels: please highlight/indicate grey data bars [TEXT: (Startle - PP15)/Startle or PPI15/Startle]
4.6. For an open-field test, place a mouse in the corner of an open square arena [4.6.1.-MED-TXT] with a defined 17 x 17 cm center zone [4.6.2.-MED] and record the trajectory of the mouse for 10 minutes through a ceiling mounted camera [4.6.3.-MED/WIDE].
4.6.1. Talent placing mouse in corner (TEXT: 50 x 50 x 50 cm)
4.6.2. Few seconds mouse in arena, please indicate center zone
4.6.3. Few seconds mouse moving in arena, please indicate ceiling mounted camera
4.7. Then quantify the center zone entries [4.7.1.-LM] and the time spent in the center zone [4.7.2.-LM-TXT].
4.7.1. Authors: please provide the open field graphs together from 6A and 6B together in one .ai, .tif or .psd file without the “A” and “B” labels: please indicate left graph
4.7.2. Figure 6AB: please indicate right graph (TEXT: Repeat for each animal)
4.8. For a marble burying test, acclimate a mouse to a test cage with compressed 5 cm deep, clean, Aspen pine bedding for 10 minutes [4.8.1.-CU].
4.8.1. Mouse being placed into cage, with home cage visible in frame if possible
4.9. Then place the mouse back in the home cage [4.9.1.-MED] and gently arrange 20 navy blue 1.5 cm diameter glass marbles in a 4 x 5 grid in the test cage [4.9.2.-CU].
4.9.1. Talent placing mouse into home cage, with test cage visible in frame
4.9.2. Few seconds marbles being arranged in test cage
4.10. Now return the mouse to the test cage for 10 minutes [4.10.1.-CU].
4.10.1. Few seconds mouse burying at least one marble
4.11. Then place the animal back in the home cage [4.11.1.-CU] and count the number of marbles that were buried during the test period [4.11.2.-CU].
4.11.1. Mouse being placed into home cage, with test cage visible in frame if possible
4.11.2. Authors: please provide the marble burying graph in 6C as its own .ai, .tif or .psd file without the “C” label: please indicate grey data bar (TEXT: Repeat for each animal)
5. Results: MIA adult offspring exhibit abnormalities associated autism and schizophrenia
5.1. Poly(I:C) injection at embryonic day 12.5 can evoke an acute inflammatory response in the maternal-placental-fetal axis and precipitate a chronic effect on brain development and behavioral phenotypes [5.1.1.-LM]. Indeed, poly(I:C) induces a higher Il6 (Pronounce: I-L-six) gene expression in the maternal spleen [5.1.2.-LM], placenta [5.1.3.-LM] and fetal brain [5.1.4.-LM].

5.1.1. Authors: please provide Figure 4B as its own .ai, .tif or .psd file without the B label: please add/flash arrow 
5.1.2. Authors: please provide Figure 5 as its own .ai, .tif or .psd file: please indicate the grey spleen data bar
5.1.3. Figure 5: please indicate the grey placenta data bar
5.1.4. Figure 5: please indicate the grey brain data bar
5.2. Generally, when compared to saline-treated offspring [5.2.1.-LM], MIA offspring exhibit fewer center zone entries [5.2.2.-LM] and a shorter center zone duration in the open-field test [5.2.3.-LM].
5.2.1. Figure 6AB: please indicate white data bars
5.2.2. Figure 6AB: please indicate grey data bar in left “center entries” graph
5.2.3. Figure 6AB: please indicate grey data bar in right “center zone time” graph
5.3. The poly(I:C)-injected animals also display more frequent burying behaviors in the marble burying test [5.3.1.-LM] and a lower prepulse inhibition [5.3.2.-LM].
5.3.1. Figure 6C: please indicate grey data bar
5.3.2. Figure 6DE: please indicate grey data bar
5.4. The loss of Purkinje cells in the cerebellum lobule VII is another hallmark of MIA offspring, with fewer calbindin-positive Purkinje cells observed in the cerebellum lobule VII of these animals [5.4.1.-LM] compared to saline-injected controls [5.4.2.-LM].

5.4.1. Authors: please provide Figure 7 as its own .ai, .tif or .psd file: please flash arrow and outline white dotted lines in right image (or similar animation to indicate arrow and dotted lines)
5.4.2. Figure 7: please flash arrow and outline white dotted lines in right image (or similar animation to indicate arrow and dotted lines)
6. Conclusion (said by authors on camera)
6.1. Ke-Huan Chow: While attempting this procedure, it’s important to remember not to disturb the pregnant mice after MIA induction.

6.2. Ke-Huan Chow: Following this procedure, the effects of other variables, like exposure to postnatal stress or infection, can be investigated to answer additional questions about environment-environment interactions.

6.3. Ke-Huan Chow: After its development, this technique paved the way for researchers in the field of neuroimmunology to explore the etiology of autism and schizophrenia in rodents.

6.4. Ke-Huan Chow: After watching this video, you should have a good understanding of how to induce MIA in mice by intraperitoneal injection of poly(I:C) at E12.5, resulting in offspring with brain and behavioral phenotypes associated with autism and schizophrenia. 

6.5. Ke-Huan Chow: Don't forget that working with poly(I:C) can be extremely hazardous and that the appropriate personal protective equipment should always be worn while performing this procedure.   

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.  

Authors: please provide the requested files
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 are included in the email accompanying the finalized script.
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