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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
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___(1) Polymer synthesis for non-viral transfection (2) Process of transfecting stem cells using non-viral methods (3) Injection of cells into hindlimb sites in mice (4) Retrieval of explants from hindlimb site_____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________
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.  
Procedural Narrative:

The overall goal of this procedure is to demonstrate the use of polymeric nanoparticles for the overexpression of therapeutic genes in stem cells using a murine hindlimb ischemia model (Intro)
This is accomplished by first synthesizing biodegradable polymers through a 2-step Michael addition reaction, followed by fabricating polymeric nanoparticles encoding therapeutic genes.  (P1)
The second step is to transfect human adipose derived stem cells in-vitro to overexpress vascular endothelial growth factor. (P2)
Next, programmed stem cells are injected intramuscularly into an ischemic hindlimb for in situ production of therapeutic factors. (P3)
The final step is to monitor cell survival and blood reperfusion in the ischemic limb over time using bioluminescene imaging and laser doppler imaging. (P4)
Ultimately, quantitative gene expression and histology can be performed to show localized expression of therapeutic factors and efficacy of tissue regeneration (P5)
P1: LAB MEDIA: 50736 schematic, starting from the left side animate in the PBAE precursors, synthesis, polymers and then nanoparticles
P2: LAB MEDIA: 50736 schematic, animate in the stem cells, petri dish and the non-viral engineered stem cells, Label these VEGF
P3: LAB MEDIA: 50736 schematic, animate in the mouse getting injected
P4: LAB MEDIA: 50736 schematic, animate in the inset of the mouse being imaged

P5: LAB MEDIA: Fig P5
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).   
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(Figure concept.tif)
(Figure concept PBAE synthesis.tif)

(Figure concept nanoparticle formation.tif)

(Figure concept transfection.tif)

(Figure concept cell injection.tif)

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.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Fan Yang: The advantage of this technique over conventional methods for angiogenesis is the use of stem cells as vehicles for drug delivery.  This strategy allows us to harness the natural homing ability of stem cells to migrate towards ischemia and allows dynamic responses to microenvironmental cues.   

1.2. Michael Keeney: The nanoparticles used for plasmid DNA delivery are highly efficient and biodegradable, affording for lower cytotoxicity and a larger number of intracellularly delivered DNA copies.

1.3. Lorenzo Deveza: This technique can be applied to many clinically relevant cell-based therapeutics, because it utilizes a biodegradable non-viral vector to insert genes into autologous cells.  

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. Polymer Synthesis
2.1. Working in a fume hood, weigh the butanediol diacrylate and transfer the material to a glass scintillation vial containing a stir bar.

2.1.1. WIDE: Talent sits at fume hood

2.1.2. MED: Talent weights out  powder, Text Overlay (“C” 3523 mg)
2.2. Next, add pre-heated 5-amino-1-pentanol to the same vial. Immediately place the vial onto a stir plate and set the speed to 600 rpm. 
2.2.1. MED:  Talent adds powder to vial. Text Overlay (“32” 1533 mg)
2.2.2. MED: Talent places vial on stir plate and sets the speed.  Vial should be labeled C32 or Text overlay “C32”
2.3. Transfer the vial to an oven set at 90 °C and increase the stirring speed to 1000 rpms. After 4 hours, lower the speed to 300 rpm and stir for an additional 12-16 hours.

2.3.1. MED: Talent places vial in oven and sets the speed

2.3.2. MED: Talent reduces the speed

2.4. When ready, add 10 ml of anhydrous tetrahydrofuran to 5g of C32 in a glass vial containing a stir bar. After wrapping in foil, vortex on high until fully dissolved. 

2.4.1. MED: Talent adds THF to C32, Text Overlay (tetrahydrofuran:THF)

2.4.2. MED: Talent vortexes vial that has already been wrapped in foil
2.5. In a separate glass vial containing a stir bar, add 10 mM of Tetraethyleneglycoldiamine.  Add 40 ml of THF to this vial.
2.5.1. MED: Talent adds 122 to a separate vial. Text overlay (“122” Tetraethyleneglycoldiamine)

2.5.2. MED: Talent adds THF to vial

2.6. Place both vials on a stir plate for 5 minutes before combining them together. Cover the resultant mixture in foil and leave it to stir at room temperature for 24 hours. The final product is termed C32-122.

2.6.1. MED: Shot of both clearly labeled bottles on stir plate before talent combines them together
2.6.2. MED: Talent places foil covered bottle on stir plate and sets the speed to 400rpm
2.6.3. CU: Shot of clearly labeled tube “C32-122”

2.7. Next, transfer 30 mls of anhydrous diethyl ether to each of five, 50 ml falcon tube.

2.7.1. MED: Talent fills falcon tubes. Text overlay (5g batch of C32-122 = 5, 50 ml Falcon tubes)
2.8. After adding C32-122 to anhydrous diethyl ether, a white cloudy solution forms. Vortex the tube and then centrifuge it.
2.8.1. MED: Falcon tube containing a white cloudy solution)
2.8.2. MED: Talent places tubes in centrifuge, multiple takes/angles, repeated. Text Overlay (2500 rpm for 2 minutes). 
2.9. The extracted polymer will collect at the base of the tube, discard the upper solution and repeat these steps two more times
2.9.1. CU: shot of the polymer collected at the bottom of the tube.

2.9.2. MED: Talent adds 30 mls of anhydrous diethyl to tube (after upper solution is discarded)
2.9.3. Reuse 2.8.2

2.10. Once extracted, place the open tubes in the dessicator and vacuum overnight. Ensure that the tubes are protected from light.

2.10.1. CU: Talent places tube in dessicator
2.10.2. MED/CU: Talent protects the tubes from the light
2.11. The next day, weigh the tubes containing C32-122 to determine the final mass. Finally, dissolve the extracted polymer in anhydrous DMSO at a concentration of 100 mg/ml.
2.11.1. MED: Talent weighs C32-122

2.11.2. MED: Talent dissolves the polymer in DMSO

3. Nanoparticle Preparation and Transfection
3.1. For nanoparticle preparation, first dilute plasmid DNA to a final concentration of 120 µg/ml in sodium acetate.
3.1.1. MED: Talent dilutes DNA. Text overlay (1 mg/ml, pVEGF165)
3.2. In a second tube, dilute C32-122 to a final concentration of 3.6 mg/ml in sodium acetate.
3.2.1. MED: Talent dilutes C32-122.

3.3. Combine the contents of each tube into a single 15 ml falcon tube and vortex immediately on high for 10 seconds. Let the tube sit at room temperature for 10 minutes for nanoparticle formation to occur.

3.3.1. MED: Talent vortexes tube after combining contents

3.3.2. CU: Shot of tube after vortexing

3.4. While the nanoparticles are forming, replace the medium in a previously seeded tissue culture flask with 7.8ml fully supplemented DMEM.

3.4.1. MED: Talent replaces medium. Text Overlay (See text protocol for details).

3.5. Transfer the nanoparticle solution to the tissue culture flask and spread it evenly before placing in the incubator.

3.5.1. MED: Talent transfers nanoparticle solution to flask and spreads evenly

3.5.2. MED: Talent places flask in incubator. Text Overlay (37 °C, 5% CO2).
3.6. After 2 hours, replace the nanoparticle containing media with DMEM. After 4 hours the cells are ready for in-vivo injection.

3.6.1. MED: Talent changes media

3.6.2. CU: Talent holds up flask of cells ready for injection

4. Cell Injections
4.1. When the transfected cells are ready, count and resuspend the cells at a density of 10x106 cells per ml in PBS.
4.1.1. WIDE: Talent retrieves cells

4.1.2. MED: Talent resuspends cells at correct density
4.2. To ensure that each mouse receives an equal amount, separate the cell suspensions into eppendorf tubes at a volume of 110 µl.  
4.2.1. MED: Talent separates the cell suspension

4.3. Next, anesthetize a mouse that has previously undergone hindlimb ischemia. After confirming anesthesia by toe pinch, clean the injection site.

4.3.1. MED: anesthesia is confirmed by toe pinch, thenTalent cleans the injection site of an anesthetized mouse. Text Overlay (2.5% isofluorane, 1 L/min oxygen flow rate, See text protocol for hindlimb ischemia procedure)

4.4. With a 27G syringe, resuspend the cells and draw up 100 µl of the suspension.
4.4.1. CU: Talent resuspends cells in syringe

4.5. Inject half of the cell suspension into the adductor muscle region and then inject the other half into the calf muscle region.  After injecting, leave the syringe in place for at least 15-30 seconds to prevent leakage.
4.5.1. CU: Talent injects cell suspension into the adductor muscle region

4.5.2. CU: Talent injects cell suspension into the calf muscle and leaves the needle in place for a few seconds before withdrawing 

4.6. When the injections are complete, keep the animal warm until fully recovered.

4.6.1. MED: Talent places animal in recovery cage, warming blanket should be visible

5. Bioluminescence Imaging
5.1. For bioluminescence imaging, confirm anesthesia with a toe pinch, and then clean the injection site as shown earlier.

5.1.1. MED:  anesthesia is confirmed by toe pinch, then Talent prepares mouse for injection

5.2. Fill an insulin syringe with 100 µl of D-luciferin and inject it intraperitoneally before placing the animal in the IVIS luciferase imaging chamber.
5.2.1. MED: Talent fills syringe with D-luciferin. Text Overlay (15 mg/ml )

5.2.2. MED: Talent places animal in imaging chamber

5.3. Image the mice with an exposure time of 1 minute. 
5.3.1. MED/CU: computer screen while going through the process of acquiring Note from videographer: “Lab will also provide a still frame.”
5.4. When the image is acquired, mark the region of interest, in this case, the ischemic limb at the cell-injection site.   
5.4.1. SCREEN/CU: the computer screen 
5.4.2. LAB MEDIA: Figure 5.4.1 BLI
5.5. Continue to measure the luciferase signal every 3-5 minutes until the signal reaches a peak and begins to decline.  This is the value used for comparison across mice and over time points.
5.5.1. MED: Talent acquires image
5.5.2. SCREEN/CU: computer screen demonstrating the increase in ROI from two different luciferase image acquisitions
5.6. When complete, remove the mice from the chamber and keep the animal warm until fully recovered.
5.6.1. MED: Talent places animal in recovery chamber

6. Tissue Harvest Procedure
6.1. Tissues are harvested at select time points after transfection.
6.1.1. WIDE: Talent walks into work area

6.2. After euthanasia (5% isofluorane, cervical dislocation), cut the skin surrounding the hindlimb circumferentially at the distal abdominal region and proximal to the hindlimb.  
6.2.1. CU: Talent cuts skin as described
6.2.1.1  Final cutting of skin towards the end of procedure
6.3. After pulling the skin back, amputate the limb between the pelvic and femur joint. Finally, the medial adductor and the gastrocnemius muscles are isolated for further analysis.
6.3.1. CU: After the skin has been pulled back, talent amputates limb

6.3.2. CU: Talent isolates the adductor muscle
7. RESULTS: Angiogensis after Nanoparticle Transfection
7.1. These images portray the synthesis of C32-122.  Here, acrylated terminated C32-Ac was formed by a Michael addition reaction between a monomer with diacrylate end groups (C) and a monomer with primary amine end group (32) (7.1.2).  In this example, end-modified PBAE polymers can be formed by adding amine terminated monomers for enhanced transfection efficiency (7.1.3).  
7.1.1. LAB MEDIA: Figure 1, including title “Poly(β-amino)ester synthesis”
7.1.2. LAB MEDIA: Figure 1, top row, panel A, highlight the compounds designated by “C” and then “32” and then the combination “C32-Ac”

7.1.3. LAB MEDIA: Figure 1, highlight the compounds in panel B
7.2. A successful transfection is apparent by the over-expression of green fluorescent protein as seen here.
7.2.1. LAB MEDIA: Figure 3
7.3. This bioluminescence imaging data shows a mouse at day 0 and day 14 after injecting GFP-luciferase positive adipose-derived stem cells into the hindlimb.
7.3.1. LAB MEDIA: Figure 4, label left panel Day 0 and right Day 14
7.4. Representative Doppler images demonstrate the induction of ischemia in one side of the murine hindlimb at day 0, and successful blood reperfusion 14 days after the injection of VEGF-overexpressing adipose-derived stem cells.

7.4.1. LAB MEDIA: Figure 5, label left panel Day 0 and right Day 14
7.5. RT-PCR confirmed the successful up-regulation of VEGF, the encoded therapeutic protein, in the treated group 4 days after the cell injection, whereas no expression was detected in the PBS control.

7.5.1. LAB MEDIA: Figure 6
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/index/Details.stp?ID=1597

8. 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. You may revise the given prompts if necessary to better fit your protocol.
8.1. Lorenzo: Other methods that apply a combined stem cell and gene delivery approach can be performed in order to identify novel therapeutic targets for promoting tissue regeneration.

8.2. Michael: After watching this video, you should have a good understanding of how to synthesize biodegradable polymers for non-viral gene therapy and use these polymers to program stem cells for the treatment of ischemia in-vivo. 
8.3. Fan Yang:  Using this non-viral gene delivery method to specifically overexpress therapeutic factors may be useful toward the treatment of a broad range of degenerative diseases.

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.  

Figure 1.tif
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Figure 4.tif

Figure 5.tif

Figure 6.tif

Figure 7.tif

Figure concept.tif

(Figure concept PBAE synthesis.tif)

(Figure concept nanoparticle formation.tif)

(Figure concept transfection.tif)

(Figure concept cell injection.tif)
Figure P5.tif
Figure 5.4.1 BLI
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


