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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  
Can you record movies/images using your own microscope camera? (Y/N)__N.A._______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.4.	Washing steps of extracted tooth follicle 
2.5.	Mince the extracted follicle to pieces of about 1 mm x 1 mm
2.6.	Transfer the minced tissue and PBS/P-S-G solution from the Petri dish into a 50 mL conical centrifuge tube. 
3.4 	Add the transfection complexes dropwise directly to the culture medium and mix gently by rocking the culture plate back and forth
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
The most difficult aspect is to avoid cell contamination during the isolation process, due to possible contamination of the extracted tooth follicle through surgical procedure
To ensure this, we are using wash buffers and culture medium containing antibiotic agents (2.4 and 2.11)
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? ____700 meters; different labs on the same campus.

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hermann Lang: This method can help answer key questions in the field of regenerative medicine, such as whether human dental follicle stem cells could be genetically engineered to improve their therapeutic properties. 
1.2. Katharina Ekat: The main advantage of this technique is that stem cells can be modified by microRNA introduction without the hazard of stable genome integration.

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

	N.A.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

	N.A.


D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

Procedures involving human subjects have been approved by the institutional ethics committee of the University of Rostock. (Permission No. A 2017-0158)




















Protocol: (read by voice talent at JoVE)

2. Isolation of hDFSCs 

2.1. Begin the procedure for enzymatic digestion of the tooth follicle by pre-warming to room temperature human dental follicle stem cell or hDFSC culture medium and PBS/P-S-G solution. [1-MED] Thaw one aliquot each of Collagenase type I and Dispase II stock solutions. [2-MED]

2.1.1. Talent setting out hDFSC culture medium and PBS/P-S-G solution at room temperature.
2.1.2. Talent taking out Collagenase type I and Dispase II stock solutions from freezer and putting them in an ice bucket.

2.2. Prepare a digestion solution by adding 500 µL of the Collagenase type I stock solution and 500 µL of the Dispase II stock solution to 4 mL of basal medium containing 1% antibiotic agent. [1-CU]

2.2.1. 500 µL of Collagenase type I stock solution and 500 µL of Dispase II stock solution being added to 4 mL of basal medium in a tube.

2.3. Katharina Ekat: “To avoid cell contamination during hDFSC isolation, the wash buffers and culture medium used must contain antibiotic agents.” [1-INTERVIEW]

2.3.1. Talent speaking to camera.

2.4. Place an extracted tooth follicle in a sterile Petri dish.  [1-CU-TXT] Add 10 mL of PBS/P-S-G solution to wash the extracted tissue. Aspirate and discard the solution and add fresh PBS/P-S-G solution to repeat the wash. [2-CU] 

2.4.1. A tooth follicle being transferred from a container of 50 mL of PBS/P-S-G solution to a sterile Petri dish.  TEXT: Refer to text protocol for tooth extraction procedure.
2.4.2. 10 mL of PBS/P-S-G solution being added to the petri dish, 
2.4.3. Added shot: ,then solution is aspirated and fresh 10 mL PBS/P-S-G solution is added. 

2.5. Using a sterile scalpel, mince the extracted follicle to pieces of about 1 mm x 1 mm. [2-CU]  

2.5.1. *film as written.
2.5.2. Extracted follicle being minced to pieces with a scalpel. (within the Petri dish containing 10 mL of PBS/P-S-G solution)

2.6. Transfer the minced tissue and PBS/P-S-G solution from the Petri dish into a 50-mL conical centrifuge tube. [1-CU] Wash the Petri dish with 10 mL of PBS/P-S-G solution and transfer the solution into the same tube. [2-CU]

2.6.1. *film as written. Slated 2.6.2
2.6.2. *film as written. Slated 2.6.1

2.7. Centrifuge the conical tube at 353 x g at room temperature for 10 minutes. [1-MED]

2.7.1. Talent putting the tube (and a balance) into the centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later.

2.8. Video editor: this was removed. 
2.9. Add 5 mL of digestion solution to the pelleted tissue. Gently mix the solution and the tissue. [1-CU]

2.9.1. Supernatant is removed from the tube, 5 mL of digestion solution is pipetted into tube and pipetted up and down 3-4 times gently to mix. 

2.10. Incubate the mixture at 37 °C and 5% CO2 in a shaking incubator for 2 hours. [1-MED-TXT]

2.10.1. Talent putting the tube into a 37 °C shaker/incubator.  TEXT: 37 °C; 5% CO2; 2 h

2.11. After 2 hours, centrifuge the digested cell and tissue suspension at 353 x g for 10 minutes at room temperature. [1]

2.11.1. Use shot from 2.7.1. 

2.12. Discard the supernatant and re-suspend the obtained pellet in 6 mL of hDFSC culture medium. [1-CU]

2.12.1. *film as written.

2.13. Seed the cell suspension in a 25-cm2 cell culture flask [1-MED] and incubate the cells at 37 °C. [2-MED-TXT]

2.13.1. Talent at the hood pipetting cell suspension into a 25-cm2cell culture flask and then adding medium to the flask.
2.13.2. Talent putting the flask into the incubator. TEXT: 37 °C; 5% CO2; 20% O2

3. Transfection of hDFSCs

3.1. After cell harvest and characterization of hDFSCs as described in the text protocol, seed hDFSCs in a 24-well cell culture plate. [1-MED-TXT] Incubate at 37 °C, 5% CO2 and 20% O2 for 24 hours. [2-MED]

3.1.1. Talent at the hood pipetting hDFSC suspension into the wells of a 24-well cell culture plate.  TEXT: ~ 4 x 104 cells/well
3.1.2. Added shot: CU
3.1.3. Talent putting the 24-well cell culture plate into the incubator. Please get multiple usable takes; shot will be repeated later.

3.2. On the following day, dilute 40 pmol of microRNA in 66.7 µL of reduced serum medium and vortex the solution [1-MED] Dilute 0.67 µL of cationic lipid-based transfection reagent in 66.7 µL of reduced serum medium, vortex the solution, and incubate at room temperature for 5 minutes. [2-MED]

3.2.1. Added shot: 66.7 µL of reduced serum medium being pipetted into two tubes
3.2.2. 0.8 µL of the 50 µM miR stock solution being pipetted into the first tube containing reduced serum medium
3.2.3. 0.67 µL of transfection reagent being pipetted into the second tube containing reduced serum medium
3.2.4. Added shot: tubes are vortexed and then set aside at RT.

3.3. After 5 minutes, add the pre-diluted microRNA to the pre-diluted transfection reagent. [1-CU] Mix the solution and incubate at room temperature for 15 minutes. [2-MED-TXT]

3.3.1. Pre-diluted microRNA being added to the pre-diluted transfection reagent.
3.3.2. Talent vortexing the solution and then setting the tube aside at RT. TEXT: room temperature; 15 min

3.4. Next add the prepared transfection complexes dropwise directly to the culture medium on cells. [1-CU] Mix gently by rocking the 24-well cell culture plate back and forth. [2-CU]

3.4.1. Transfection complexes being added dropwise directly to the culture medium on cells.
3.4.2. 24-well cell culture plate being gently rocked back and forth.

3.5. Incubate the cells at 37 °C for 24 hours. [1-TXT]

3.5.1. Use shot from 3.1.2. TEXT: 37 °C; 5% CO2; 20% O2; 24 h

4. Analysis of Transfection

4.1. Twenty-four hours after transfection, collect the supernatant of samples in respective 15-mL conical centrifuge tubes. [1-MED] 

4.1.1. Talent pipetting supernatant from one well of the 24-well plate (from 3.5) into a 15-mL conical centrifuge tube. SLATED 4.1.2

4.2. Wash the cells with 1 mL of PBS, and transfer the PBS into the respective centrifuge tube. [1-CU] Add 500 µL of Trypsin/EDTA to the cells [2-CU] and incubate the 24-well plate at 37 °C for 3 minutes. [3-MED]

4.2.1. 1 mL of PBS is pipetted into one well and then the PBS is transferred to a 15-mL centrifuge tube.
4.2.2. 500 µL of Trypsin/EDTA being added to each well of the 24-well plate.
4.2.3. Talent putting the 24-well plate into the 37 °C incubator.

4.3. Stop the trypsinization by adding 1 mL of culture medium to the cells and transferring the solution into the respective centrifuge tube. [1-CU]

4.3.1. 1 mL of culture medium being added to one well and then the solution is transferred to a centrifuge tube.

4.4. Centrifuge the cells at 300 x g and 4 °C for 10 minutes. From here on keep the cells and reagents on ice unless stated otherwise. [1-MED-TXT]

4.4.1. Talent putting the 2 tubes into the centrifuge and starting the spin. TEXT: 300 x g; 4 °C; 10 min 

4.5. Discard the supernatant.  [1-MED] Re-suspend the cells in 100 µL of staining buffer and transfer the cell solution to a 1.5-mL microcentrifuge tube. [2-CU]

4.5.1. Talent discarding the supernatant from the samples.
4.5.2. 100 µL of staining buffer being pipetted into one tube (on ice) and mixed 
4.5.3. Added shot: and then the cell suspension is transferred to a 1.5-mL microcentrifuge tube.

4.6. Add 0.5 µL of amine reactive dye to each sample in order to distinguish between live and dead cells, gently mix the solution, [1-CU] and incubate at 4 °C for 10 minutes. [2-MED-TXT]

4.6.1. 0.5 µL of amine reactive dye being added to cells in one 1.5-mL microcentrifuge tube (on ice) and mixed gently.
4.6.2. Talent putting the two 1.5-mL microcentrifuge tubes into the 4 °C.  TEXT: 4 °C; 10 min

4.7. Add 1 mL of PBS to the cells [1-CU] and centrifuge at 300 x g and 4 °C for 10 minutes. [2-MED]

4.7.1. 1 mL of PBS being added to each microcentrifuge tube. (on ice)
4.7.2. Talent putting the 2 tubes into the centrifuge and starting the spin. 

4.8. Discard the supernatant and re-suspend the cells in 100 µL of PBS. [1-CU] Add 33 µL of paraformaldehyde and mix the solutions. [2-CU] Store the samples at 4 °C protected from light until flow cytometric measurements. [3-MED]

4.8.1. Supernatant from one tube is removed 
4.8.2. Added shot: and 100 µL of PBS is added to tube and cells are resuspended. (on ice)
4.8.3. 33 µL of ice-cold PFA being added to a tube and solution is mixed.
4.8.4. Talent putting all tubes into the fridge.

4.9. Transfer the samples to tubes suitable for flow cytometric measurements [1-MED] and perform flow cytometric measurements using the gating strategy described in the text protocol. [2-WIDE/MED]

4.9.1. *film as written.
4.9.2. General footage of talent at the flow cytometer, performing analysis.


5. Results: successful isolation and genetic modification of hDFSC 

5.1. The isolated human dental follicle stem cells showed all characteristics described for the definition of mesenchymal stromal cells; cells were plastic-adherent and displayed a fibroblast-like morphology under standard culture conditions. [1-LM]

5.1.1. 58089fig1.jpg

5.2. Flow cytometric analyses revealed that hDFSCs expressed a panel of certain surface antigens, [1-LM] including CD29, [2-LM] CD44, [3-LM] CD73, [4-LM] CD90 [5-LM] and CD105, [6-LM] while CD45 and CD117 were absent. [7-LM]

5.2.1. 58089fig2large.jpg.
5.2.2. 58089fig2large.jpg. Emphasize the two plots in the topmost left panel. 
5.2.3. 58089fig2large.jpg. Emphasize the two plots in the left second row panel.
5.2.4. 58089fig2large.jpg. Emphasize the two plots in the left bottommost panel.
5.2.5. 58089fig2large.jpg. Emphasize the two plots in the topmost right panel.
5.2.6. 58089fig2large.jpg. Emphasize the two plots in the right second row panel.
5.2.7. 58089fig2large.jpg. Emphasize the four plots in the third row panels.

5.3. The adipogenic, osteogenic and chondrogenic differentiation potential of cells under specific in vitro culture conditions was confirmed by immunostaining [1-LM] of fatty acid binding protein 4, [2-LM] osteocalcin [3-LM] and aggrecan. [4-LM]

5.3.1. 58089fig3large.jpg.
5.3.2. 58089fig3large.jpg. Emphasize panel A.
5.3.3. 58089fig3large.jpg. Emphasize panel B.
5.3.4. 58089fig3large.jpg. Emphasize panel C.

5.4. The gating strategy used for the quantification of cytotoxicity and Cy3-labeled microRNA uptake efficiency 18 hours post-transfection [1-LM] confirmed microRNA-uptake in 100% of viable cells. [2-LM]  Comparable amounts of dead cells in transfected [3-LM] and untransfected samples [4-LM] indicate that microRNA is introduced efficiently without cytotoxic effects. 

5.4.1. 58089fig4.jpg. 
5.4.2. 58089fig4.jpg. Emphasize panel B.
5.4.3. 58089fig4.jpg. Emphasize panel A.
5.4.4. 58089fig4.jpg. Emphasize panel C.


6. Conclusion (said by authors on camera)
6.1. Paula Müller: Following this procedure, other methods such as transdifferentiation can be performed in order to answer additional questions like cellular plasticity.
   



Provided Media

5.1. 58089fig1.jpg
5.2. 58089fig2large.jpg.
5.3. 58089fig3large.jpg.
5.4. 58089fig4.jpg. 


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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