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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)___Y______  
Can you record movies/images using your own microscope camera? (Y/N)____N_____  
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: _ Nikon Model: SMZ445 zoom stereo 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.) 
2.2, 2.7, 3.7, 3.8, 4.5, 4.8
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.) _________4.5______Colony selection is key. Picking of additional colonies to ensure attachment in sufficient numbers. 
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? _______________N/A____________________________________

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 protocol is to derive homogeneous human induced pluripotent stem cells. (Intro)


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

1.1. Elias Uhlin: This method can be used to derive Human induced pluripotent stem cells for many purposes, including disease modeling, drug screening, or to derive cells for preclinical cell therapy trials.

1.2. Elias Uhlin: The advantage of this technique is that it is robust and generates homogeneous cells that are maintained in a user friendly, xeno free and fully defined culture system.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Ana Marin Navarro: Since hiPS cells recapitulate the genetic background of the donor tissue and can potentially be differentiated into any disease relevant cell types, they provide excellent tools for disease modeling.
1.4. Kelly Day: The biopsy dissection and colony picking steps are intricate procedures. Seeing them performed by experienced hands assists in the understanding and makes the procedure easier to repeat.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. **Elias Uhlin: Demonstrating the procedure will be Harriet Rönnholm and Kelly Day, two highly-experienced technicians from the iPS core facility at Karolinska Institutet.  
1.5.1. Interview style: Author saying the above
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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

1.6. The collection of patient material and derivation of hiPS cells has been approved by the Ethics Review Board of Stockholm. 


Protocol: (read by voice talent at JoVE)

2. Biopsy handling

2.1. Skin biopsy samples can be stored in PBS plus 1% penicillin-streptomycin for up to 48 hours at 4 °C, but should be processed as fast as possible after being obtained. [1-MED] 

2.1.1. Talent taking out a biopsy from the fridge that is stored in PBS + 1% PEST.

2.2. Submerge the skin biopsy in a 35-mm dish with 2 mL of 70% ethanol for 30 seconds. [1-CU] Add 1 mL of sterile Hank’s Balanced Salt Solution supplemented with 1% penicillin-streptomycin to a new 35-mm dish [2-CU] and transfer the biopsy to the new dish. [3-CU]  

2.2.1. Biopsy is poured to a 35mm plate and then transferred to a 35-mm dish containing 2 mL of 70% ethanol.
2.2.2. *film as written.
2.2.3. Biopsy is transferred to the dish and submerged.  

2.3. Transfer the biopsy to a third 35-mm dish filled with 1 mL of freshly prepared 0.1% dispase solution. [1-CU]

2.3.1. Biopsy is transferred to a new 35-mm dish that already has 1 mL 0.1% dispase solution.

2.4. Using sterile surgical scalpels and forceps, cut the skin biopsy into 1-2 mm3 pieces. [1-CU] Transfer the biopsy pieces with the dispase solution into a 15-mL tube and add an additional 2 mL of dispase. [2-MED]

2.4.1. *film as written.
2.4.2. *film as written.

2.5. Rinse the 35-mm dish with 1 mL of dispase solution and transfer the rinse solution to the 15-mL tube. [1-MED]

2.5.1. *film as written.

2.6. Incubate the biopsy at 4 ᵒC overnight. [1-MED]

2.6.1. Talent putting the 15-mL tube into the refrigerator.

2.7. On the following morning, add 4 mL of 0.1% collagenase 1 to the tube with the biopsy pieces [1-CU] and incubate at 37 ᵒC for 4 hours. [2-MED-TXT]

2.7.1. 4 mL of 0.1% collagenase 1 being added to the 15-ml tube.
2.7.2. Talent putting the 15-mL tube into the 37 ᵒC incubator.  TEXT:  37 ᵒC; 4 h

2.8. Thirty minutes prior to seeding the cells, coat one well in a 6-well tissue culture plate per biopsy dissected with 1 mL of 0.1% gelatin in DPBS. [1-MED] Incubate at room temperature for 30 minutes. [2-MED]

2.8.1. Talent pipetting 1 mL of 0.1% gelatin in DPBS into one well of a 6-well tissue culture plate.
2.8.2. Talent putting the cover on the 6-well plate and then leaves the plate at room temperature in the biosafety cabinet and walks away.

2.9. After 4 hours of incubation with collagenase, centrifuge the digested cells at 300 x g for 3 minutes at room temperature. [1-MED] Aspirate the supernatant and resuspend the digest in 2 mL of fibroblast medium. [2-CU]

2.9.1. Talent putting the 15-mL tube into the centrifuge (plus balance) and starting the spin.
2.9.2. Supernatant is aspirated and then 2 mL of fibroblast medium is added to resuspend the cells.

2.10. Remove the gelatin solution from the previously prepared 6-well tissue culture plate. [1-CU] Transfer the cell suspension including any remaining tissue pieces to the 6-well plate. [2-CU] Incubate the cells at 37 ᵒC and 5% CO2 in high humidity. [3-MED-TXT]  

2.10.1. *film as written.
2.10.2. *film as written.
2.10.3. Talent putting the 6-well plate into the incubator.  TEXT: Change medium every 3rd day.

2.11. Fibroblasts are ready to be passaged to a T25 tissue culture flask when 80% confluent. [1-LM-TXT] 

2.11.1. show panel B only of ‘56146fig2large.jpg.  Add overlay text below the image.  TEXT:  Refer to text protocol for expansion of human fibroblasts.

3. Sendai virus vector reprogramming of fibroblasts 

3.1. Fibroblasts at passage 2 to 4 are optimal for reprogramming since reprogramming efficiency is generally higher for lower passage fibroblasts.  [1-MED] 

3.1.1. Talent taking out a T25 flask containing fibroblast from the incubator.

3.2. Aspirate the cell culture medium from the flask and wash the cells with 1 mL of DPBS. [1-MED] Aspirate the DPBS and add 1 mL of 0.05% Trypsin-EDTA. [2-CU] Incubate at 37 ˚C for 5 minutes or until cells are detached.  [3-MED]

3.2.1. Talent aspirating medium from the flask and then pipetting 1 mL DPBS into the flask.
3.2.2. *film as written.
3.2.3. Talent putting the flask into the incubator.

3.3. Add 2 mL of fibroblast medium, resuspend the cells, and transfer the cell suspension to a 15-mL tube. [1-MED] Centrifuge at 300 x g for 3 minutes at room temperature. [2-MED]

3.3.1. *film as written.
3.3.2. Talent putting the 15-mL tube (and balance) into the centrifuge and starting the spin.

3.4. Aspirate the supernatant and resuspend the pellet in 2 mL of fibroblast medium. [1-MED]

3.4.1. *film as written.

3.5. After counting the fibroblasts using a hemocytometer, seed 5 x 104 cells in one well of a 24-well tissue culture plate. [1-MED-TXT]  Incubate cells at 37 ˚C overnight. [2-MED]

3.5.1. Talent at the hood pipetting cell suspension into one well of a 24-well plate. TEXT:  5 x 104 cells/well
3.5.2. Talent putting the 24-well plate into the incubator.

3.6. On the following day, because Sendai virus will be handled, continue the procedure in a designated BSL2 laboratory while using the appropriate personal protective equipment. [1-WIDE] 

3.6.1. Talent (already wearing lab coat, shoe protectors, hair net, and procedure mask) entering a different room while carrying the 24-well plate. Note to videographer:  this is to illustrate switching to a different lab, although a mock experiment without real virus will be performed during the shoot.

3.7. Aspirate the cell culture medium and add 250 µL of Sendai virus solution. [1-CU-TXT] 

3.7.1. Medium is aspirated from the one well of the 24-well plate and then 250 µL of Sendai virus solution is added to the well. TEXT: Refer to text protocol for preparation of virus solution.

3.8. Incubate the plate at 37 ˚C. [1-MED-TXT] 

3.8.1. Talent (wearing lab coat, shoe protectors, hair net, and procedure mask) putting the 24-well plate into the incubator. TEXT: Refer to text protocol for replating of transduced fibroblasts.




4. Picking of colonies and expansion of hiPS cells

4.1. One day before picking the colonies, prepare LN-521 coated 24-well tissue culture plates. [1-MED] Pipette 250 μL of LN-521 solution into one well of a 24-well plate, seal the plate using parafilm [2-CU-TXT] and incubate at 4 ˚C overnight. [3-MED]

4.1.1. Talent setting out a 24-well plate and the LN-521 solution on the work surface.
4.1.2. *film as written. TEXT: LN-521: recombinant human laminin 521
4.1.3. Talent putting the 24-well plate into the refrigerator.

Perfomed by Kelly Day 4.2. – 4.7.1.

4.2. On the following day, aspirate the LN-521 solution from the one well of the 24-well plate and add 500 μL of E8 into the well. [1-MED-TXT]

4.2.1. Talent aspirating the LN-521 solution from the well and then adding 500 μL of E8 into the well. TEXT: E8: Essential 8 Medium

4.3. The use of a hairnet and procedure mask is recommended while picking colonies under the stereomicroscope. [1-MED] 

4.3.1. Talent (already wearing hairnet and procedure mask) putting a 24-well plate under the stereomicroscope to check the colonies.

4.4. Colonies are ready to be picked when they reach a size of greater than 1-mm in diameter, display sharp edges, and are growing in homogeneous monolayers.  [1-LM] Do not pick colonies with fussy borders and large uncompact heterogeneous cell masses. [2-LM]

4.4.1. show panel D only of ‘56146fig2large.jpg.  
4.4.2. show panel G only of ‘56146fig2large.jpg.  

4.5. Cut each colony with a scalpel into smaller pieces in a grid-like pattern. [1-SCOPE] Use a 200-µL pipette to mechanically scrape the cell sheets from the dish [2-SCOPE] and then transfer the sheets to a well of a 24-well tissue culture plate previously coated with LN-521. [3-CU]  

4.5.1. A colony being cut with a scalpel into smaller pieces in a grid-like pattern. (like in Figure 2E)
4.5.2. A 200-µL pipette being used to scrape the cell sheets from the dish.
4.5.3. Cell sheets being transferred to a well of a 24-well plate (from 4.2).

4.6. Kelly Day: “Colony selection is critical to the success of this protocol. A few additional colonies should be picked to ensure attachment in sufficient numbers.” [1-INTERVIEW]

4.6.1. Author speaking to camera.

4.7. Allow the cells to attach without changing the E8 medium for 48 hours.  [1-MED-TXT] 
4.7.1. Talent putting the 24-well plate into the incubator.  Please get multiple usable takes; shot will be repeated later. TEXT: After 48 h, change E8 medium daily.

4.8. Enzymatically passage the cells when the colonies have reached a size of greater than 5 mm. [1-MED] Aspirate the cell culture medium from the cells and wash with 250 µL of DPBS. [2-CU] Aspirate the DPBS and add 250 µL of commercial trypsin solution.  [3-CU] Incubate at 37 ˚C for 3 minutes. [4]

4.8.1. Talent putting a 24-well plate into the biosafety cabinet.
4.8.2. Medium is aspirated from the well and 250 µL of DPBS is added to the well.DPBS is aspirated from the well and 250 µL of commercial trypsin solution is added to the well. (4.8.2-4.8.3 were taken as one shot and merged)
4.8.3. Talent is putting the 24-well plate back into the incubator

4.9. [bookmark: _GoBack]Observe that the cells [1-MED] have started to round up.  [2-LM] Detach cells from the plate by rinsing the cells with commercial trypsin solution. [3-MED] 

4.9.1. Talent checking the cells under the microscope.
4.9.2. Rounded up IPS cells 20X.jpg
4.9.3. Talent is rinsing the cells of the well by pipetting up and down a few times.

4.10. Add 500 µL of E8 medium to a 15-mL tube and transfer the cells in the commercial trypsin solution to the tube. [1-MED] Centrifuge at 300 x g for 3 minutes. [2-MED]

4.10.1. *film as written.
4.10.2. Talent putting the 15-ml tube into the centrifuge and starting the spin.

4.11. Aspirate the supernatant from the 15-ml tube and resuspend the cell pellet in 500 µL of E8 medium. [1-CU]

4.11.1. *film as written.

4.12. Count the cells using a hemocytometer [1-MED] and seed 2.5 to 5 x 104 cells in another previously prepared LN-521 pre-coated well containing 500 µL of room temperature E8 medium. [2-MED-TXT]  Add ROCKi (Voiceover: pronounced “rock inhibitor”) to a final concentration of 10 µM. [3-CU]

4.12.1. Talent at the microscope counting cells in a hemocytometer.
4.12.2. Talent pipetting cell suspension into a well of a 24-well plate that contains E8. TEXT: 1.25-2.5 x 104 cells/cm2
4.12.3. ROCKi being added to the well.

4.13. Incubate the cells at 37 ˚C. [1-TXT] 

4.13.1. Talent putting the plate into the incubator TEXT: Change E8 medium daily.

5. Results: Successful generation of defined and xeno-free hiPS cells from fibroblasts

5.1. Using this protocol, human induced pluripotent stem cell colonies emerged from transduced fibroblasts at about day 12 post-transduction. [1-LM] 

5.1.1. panel C only of ‘56146fig2large.jpg.’

5.2. Colonies were ready to be picked at about 3 to 4 weeks post-transduction; preferred features include flattened compact cell masses, growth as homogeneous monolayers, and sharp edges. [1-LM]

5.2.1. panel D only of ‘56146fig2large.jpg.’

5.3. These bright field images show an early-passage homogeneous fully reprogrammed hiPS (Voiceover:  pronounced “human I.P.S.”) cell line compared to a highly heterogeneous cell line. [1-LM]

5.3.1. panel H only of ‘56146fig2large.jpg.’

5.4. The loss of the Sendai virus vector was confirmed [1-LM] by the absence of Sendai virus vector specific markers in hiPS cells at passage 12, [2-LM] in contrast to hiPS cells at passage 3. [3-LM]

5.4.1. panel A only of ‘56146fig3large.jpg’
5.4.2. panel A of ‘56146fig3large.jpg’ Circle the blank space in the first three lanes from the left in the lower blot. 
5.4.3. panel A of ‘56146fig3large.jpg’ Circle the first 3 bands from the left in the upper blot. (SeV B, KLF4 SeV, cMYC SeV)

5.5. Immunocytochemistry staining of derived cells [1-LM] for pluripotency markers OCT4, (Voiceover:  pronounced “oct four”) [2-LM] SSEA4 (Voiceover:  pronounced “S.S.E.A. four”) [3-LM] and NANOG (Voiceover:  pronounced “nanog”) yielded a homogenously positive result. [4-LM] 

5.5.1. panel B only of ‘56146fig3large.jpg’
5.5.2. panel B of ‘56146fig3large.jpg’ Highlight or zoom into OCT4 panel.
5.5.3. panel B of ‘56146fig3large.jpg’ Highlight or zoom into SSEA-4 panel.
5.5.4. panel B of ‘56146fig3large.jpg’ Highlight or zoom into NANOG panel.

5.6. mRNA expression of endogenous pluripotency genes was shown by real time-PCR. [1-LM]

5.6.1. panel D only of ‘56146fig3large.jpg’  Circle the NANOG band and OCT4 band.

5.7. Cell cultures containing partially reprogrammed cells that did not express pluripotency factors were discarded. [1-LM]

5.7.1. panel C only of ‘56146fig3large.jpg’  

5.8. The differentiation potential of hiPS cells was assessed by formation of embryoid bodies. [1-LM]

5.8.1. panel E only of ‘56146fig3large.jpg’  

5.9. Real time-PCR after 21 days of embryoid body differentiation [1-LM] detected mRNA expression of endoderm-, [2-LM] mesoderm- [3-LM] and ectoderm-specific markers, [4-LM] which confirmed the derived hiPS cells were capable of differentiation to the three germ layers. [5-LM]

5.9.1. panel F only of ‘56146fig3large.jpg’ 
5.9.2. panel F of ‘56146fig3large.jpg’  Circle the AFP and GATA4 bands. (endo)
5.9.3. panel F of ‘56146fig3large.jpg’  Circle the RUNX and HAND1 bands. (meso)
5.9.4. panel F of ‘56146fig3large.jpg’  Circle the N-CAM and NESTIN bands. (ecto)
5.9.5. panel F of ‘56146fig3large.jpg’  (without circling any bands)

6. Conclusion (said by authors on camera)
6.1. Elias Uhlin: Once mastered, this technique can be done with approximately 22 hours of hand-on time during a period of about 16 weeks. 
6.2. Elias Uhlin: The derived hiPS cells have the potential to differentiate to any cell type of the adult human body to answer questions relevant to your research field.
6.3. Elias Uhlin: After watching this video, we hope you have a good understanding of how to perform the steps necessary to derive hiPS cells from skin biopsies.


Provided Media

2.11. panel B only of ‘56146fig2large.jpg. 
4.4. panel D and panel G of ‘56146fig2large.jpg.  
4.9. Rounded up IPS cells 20X.jpg
5.1. panel C only of ‘56146fig2large.jpg.’
5.2. panel D only of ‘56146fig2large.jpg.’
5.3. panel H only of ‘56146fig2large.jpg.’
5.4 panel A only of ‘56146fig3large.jpg’
5.5. panel B only of ‘56146fig3large.jpg’
5.6. panel D only of ‘56146fig3large.jpg’  
5.7. panel C only of ‘56146fig3large.jpg’  
5.8. panel E only of ‘56146fig3large.jpg’  
5.9.panel F only of ‘56146fig3large.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.
 2017, Journal of Visualized Experiments

