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Questionnaire
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No. We have a CCD camera integrated with a stereoscope.__  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)  No 
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.) _________________ 3.7, 3.8, 3.10, 3.11, 4.5 and 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.) ___3.10 and 4.8___
E.  Will the filming need to take place in multiple locations? (Y/N) _Yes._ If yes, how far apart are the locations? _Room #803 (Laboratory) and Room #801 (Office) on the 8th floor at the CMS Building (E16), KAIST (within 10 m) 
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 demonstrate the simple fabrication, manipulation, and assembly of modular hydrogel sheets for a 3D cell culture system. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Jaejung Son: This method can help answer key questions in the tissue engineering field, such as how to create more in vivo-like functional engineered tissues with controllable microenvironments. 
1.2. Jaejung Son: The main advantage of this technique is that cellular hydrogel construct can be generated without any costly equipment. Different 3D cell culture conditions will depend on each modular hydrogel sheet.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Chae Yun Bae: The implications of this technique extend toward improved cell-based drug assays and biological studies, because the technique can provide various geometries and compositions of 3D cellular micro- and macroenvironments.  

1.4. Chae Yun Bae: Though this method can provide insight into in vitro cell-based assays, it can also be applied to other systems, such as transplantable scaffold of 3D tissue model. 
Protocol (read by voice talent at JoVE):  
2. Preparation of the Micropatterned Molds
2.1. Begin by producing the desired micro-scale patterns using standard photolithography techniques.[2.1.1 - MED] The example shown in this video will use a liver lobule-like mesh pattern like the one shown here. [2.1.2 - LM]
2.1.1. Talent handles the mold and sets it into the foil dish.

2.1.2.   2.1_53475_Je-Kyun Park_Figure1(1).tif (Video Editor: Show the zoomed-in portion with the 2nd half of the sentence.)
2.2. Next, weigh out 12.5 grams of PDMS and 2.5 grams of the curing agent solution [2.2.1 - MED] and mix the components together thoroughly. [2.2.2 - CU]
2.2.1. *Film as written (There was a typo of numbering as 2.2.2 in the video, like this [image: image1.png]


.) 
2.2.2. *Film as written (Numbering was different from 2.2.1 in the video, like this [image: image2.png]


.) 
2.3. Degas the solution in a vacuum chamber [2.3.1 - MED] and then spread the mixed solution onto the micropatterned surface of the silicon wafer evenly within a foil casting dish. [2.3.2 - CU]
2.3.1. Talent opens vacuum valve with sample positioned inside the chamber.
2.3.1.A. Talent degases the sample in the chamber [CU].
2.3.2. *Film as written
2.4. Next, cure the PDMS by placing the dish onto the flat surface of a 65 °C heated plate for 90 minutes. [2.4.1 - MED - TXT] 
2.4.1. *Film as written (TEXT: 65 °C, 90 min)
2.5. Once cured, remove the PDMS from the casting dish and carefully peel it away from the silicon wafer. [2.5.1 - CU] Cut away the edges of the PDMS and place the patterned portion onto a 100 mm diameter petri dish so that the micropatterned side faces up. [2.5.2 - CU]
2.5.1. *Film as written
2.5.2. Talent cuts off the last edge and moves it into a 100 mm petri dish as described.
2.6. Then, wash the micropatterned PDMS with 70% ethanol followed by distilled water for primary sterilization. [2.6.1 - CU] Afterwards, dry the setup completely for 10 minutes in an oven at 65 °C. [2.6.2 - CU]
2.6.1. *Film as written
2.6.2. Talent places the sample in an oven with the temp set to 65.
2.7. Next, place the micropatterned PDMS molds into a plasma cleaner [2.7.1 - MED] and clean them for 1 minute in order to create a hydrophilic surface. This will facilitate the loading of aqueous liquids.[2.7.2 - CU - TXT]
2.7.1. *Film as written 
2.7.2. Show glow on sample for ~10 sec, then have it turn off. (TEXT: Plasma Clean @ 85 W, 0.73 mbar) 
2.8. Then, coat the surface of the PDMS with 100 mL of the surfactant solution listed in the table of materials. [2.8.1 - CU] Incubate the samples on a laboratory rocker for at least 3 hours. [2.8.2 - MED]
2.8.1. *Film as written
2.8.2. Talent places sample on rocker and starts the rocker motion.
2.9. Next, wash the surfactant solution from the PDMS molds using sterile water [2.9.1 - CU] and dry them completely in an oven at 65 °C for 10 minutes. [2.9.2 - MED] Then, sterilize each micropatterned mold by exposing it to ultraviolet radiation for 30 minutes. [2.9.3 - MED] 
2.9.1. *Film as written  

2.9.2. Talent places sample in the oven preheated to 65. (TEXT: 65 °C, 10 min)
2.9.3. Talent places the mold in the TC hood, closes the sash, and turns on the UV light.

3. Fabrication of Freestanding Cellular Hydrogel Sheets
3.1. Begin by culturing HepG2 (pronounced: hep-G-2) cells using standard techniques. [3.1.1 - MED] Once the cells are 70%–80% confluent, wash the cells once using PBS. Then, harvest the cells by adding 1 mL of 0.05% trypsin-EDTA [3.1.2 - MED] and incubating them for 4 minutes at 37 °C. [3.1.3 - MED]
3.1.1. Talent pulls plate out of incubator and sets it in hood.
3.1.1.A. Talent sets plate in hood.
3.1.2. Talent rinses cells and adds trypsin-EDTA.

3.1.3. Talent places plate in the incubator.
3.2. Once detached, collect the cells in a centrifuge tube [3.2.1 - CU] and pellet them at 250 x g for 3 minutes. [3.2.2 - MED] Remove the supernatant and then resuspend the cells in 1 mL of PBS. [3.2.3 - CU]
3.2.1. Talent pipettes cells into tube and closes the lid

3.2.2. Talent closes lid on centrifuge and starts it spinning. (TEXT: 250 x g, 3 min)
3.2.3. *Film as written
3.3. Count the number of single distributed cells in PBS using an automated cell counter. [3.3.1 - MED]
3.3.1.A. Talent loads the cells into counter chip.
3.3.1. Talent loads cells chip into counter.

3.4. Then, pellet the cells again at 250 x g for 3 minutes. [3.4.1 - MED] Remove the PBS supernatant and add enough of a 1% sodium alginate solution to the cells so that the final seeding density is between 5 and 10 million cells/mL. [3.4.2 - CU]
3.4.1. Talent places tube with cells into centrifuge

3.4.2. *Film as written
3.5. Mix the cell solution gently using a pipette [3.5.1 - CU] and then incubate the cell/hydrogel suspension in a 5% CO2 humidified incubator at 37 °C. [3.5.2 - MED]
3.5.1. *Film as written

3.5.2. Talent places the cells into the incubator.
3.6. While the cells incubate, place the micropatterned PDMS molds into a plasma cleaner and clean them for 1 minute at 85 W to create a hydrophilic surface. [3.6.1 - MED - TXT]
3.6.1. Talent places the molds into the plasma cleaner and begins cleaning process. (TEXT: 85 W, 1 min)
3.7. Mix the cell/hydrogel suspension by gently pipetting up and down and then steadily load 7.2 microliters of the suspension at the edge of the micropattern in the mold.  [3.7.1 - CU]
3.7.1. *Film as written

3.8. Then, gel the cell/hydrogel suspension by producing a mist of the cross-linking reagent with a humidifier at a rate of 250 mL/hr and spraying it onto the hydrogel precursor for 5 minutes. [3.8.2 - MED/CU] Ensure that this procedure covers the topographic surface of the PDMS molds within a range of 5 cm. [3.8.2.A - CU]  
3.8.1. *Film as written
3.8.2. Talent sets up mist and adjusts rate (if possible).
3.8.2.A. *Film as written 
3.9. Following the cross-linking process, turn off the humidifier [3.9.1 - MED] and fill the PDMS molds with PBS. [3.9.2 - CU]
3.9.1. *Film as written
3.9.2. *Film as written
3.10. Using a 200 microliter pipette, dispense PBS gently around the edge of the hardened hydrogel sheets in order to detach each of the hydrogels. [3.10.1 - CU] Then, pick up each floating hydrogel sheet using an end-cut 1000 microliter pipette tip.[3.10.2 - CU]
3.10.1. *Film as written
3.10.2. *Film as written
3.10.2.A.
[3.10.2 - ECU]
3.11. Transfer each sheet of the hydrogel into individual wells of a 12 well plate containing 1 mL of prewarmed DMEM [3.11.1 - CU] so that they float on the surface of the media.[3.11.2 - ECU] Culture the cells like this for one week, exchanging the culture medium every other day. [3.11.3 - MED - TXT] 
3.11.1. *Film as written
3.11.2. Top down view of the floating construct.
3.11.2.A.
[3.11.2 - Even more ECU]
3.11.3. Talent places the culture in the incubator. (TEXT: 37 °C, 5% CO2)
4. Assembly of Multi-layered Hydrogel Sheets
4.1. Next, produce a PDMS frame which contains 170 micron high pillar structures at the lower surface as described in the accompanying text protocol. [4.1.1 - CU - TXT]
4.1.1. Talent holds finished product. (TEXT: W: 18 mm, H: 18 mm, D: 4 mm)
4.1.1.A. Talent shows the back side of the product.
4.2. During fabrication, place a specialized polycarbonate mold on the silicon wafer for the PDMS frame to create an interior frame with a width of 8 mm, a height of 9 mm, and a depth of 2 mm. [4.2.1 - CU - TXT]
4.2.1. Talent places the specialized polycarbonate mold on the silicon wafer (TEXT: W: 8 mm, H: 9 mm, D: 2 mm)
4.3. Once sterilized, place the PDMS frame onto a quarter of a piece of nylon filter paper set in a 60-mm petri dish. [4.3.1 - CU]
4.3.1. *Film as written
4.4. Remove the hydrogel sheets from the incubator [4.4.1 - MED] and transfer the first of the modular hydrogel sheets into the interior of the PDMS frame using an end cut 1000 microliter pipette tip. [4.4.2 - CU]
4.4.1. *Film as written
4.4.2. *Film as written

4.5. Align the edge of the modular hydrogel sheet with the PDMS frame using an empty 200 microliter pipette tip. [4.5.1 - CU] Repeat this process with additional hydrogel sheets until a stack of 4 to 6 layers is achieved. [4.5.2 - CU]
4.5.1.A. [4.5.1 - MED]
4.5.1. *Film as written
4.5.1.A.2. Additional video using stereoscope for extreme close up of 4.5.1. [4.5.1.A.2 - LM]
4.5.2. Talent adds the final layer to the stack of sheets.
4.5.2.A. Additional video using stereoscope for extreme close up of 4.5.2. [4.5.2.A - LM]
4.6. Next, remove the culture medium by flowing it out through the pillar structures at the bottom of the PDMS frame. [4.6.1 - CU] Then add 2 microliters of a 2% alginate solution at one corner of the multi-layer construct. [4.6.2 - CU]
4.6.1. *Film as written
4.6.2. *Film as written
4.7. Using the humidifier, spray a mist of the cross-linking reagent at a rate of 250 mL/hr onto the multi-layer construct for 30 seconds to attach the edges of each layer together. [4.7.1 - MED/CU]
4.7.1. *Film as written
4.8. Then, rinse the multi-layered construct gently with 400 μL of DMEM [4.8.1 - CU] and remove the PDMS frame using a pair of tweezers. [4.8.2 - MED] Then, add an additional 4 mL of DMEM. [4.8.3 - CU]
4.8.1. *Film as written
4.8.2. *Film as written

4.8.3. *Film as written
4.9. Detach the multi-layered construct from the filter paper by gently wiping it with a cell lifter [4.9.1 - CU] and then use filter paper to transfer it to a 6-well plate containing 3 mL of DMEM. [4.9.2 - CU]
4.9.1.A. [4.9.1 - MED]
4.9.1. *Film as written
4.9.2. *Film as written

4.10. Culture the cells in a floating manner, with the hydrogel construct as a multi-scale cellular scaffold in the 6-well plate for at least one week. [4.10.1 - MED - TXT] Exchange the culture medium every other day. [4.10.2 - MED]
4.10.1. Talent places the plate into the incubator (TEXT: 37 °C, 5% CO2) 
4.10.2. Talent adds bottle of media to the TC hood with the plate sitting in the middle ready for media exchange.
5. Results: Fabrication and Manipulation of Freestanding Cellular Hydrogel Sheets
5.1. The result of a layer-by-layer assembly of liver lobule-like micropatterned hydrogel sheets is shown here where human liver carcinoma cells, fluorescing green, and NIH-3T3 fibroblasts, fluorescing red, were grown together in co-culture on the combined mesh. [5.1.1 - LM]
5.1.1. Figure 3a (Video Editor: Highlight the green/red cells when mentioned. You should be able to create 2 color masks in Photoshop and use them to block out the other color.)

5.2. Using the technique presented here, many pattern variations can be created including hexagonal pillars, thin meshes, hole arrays, and multiple microcomb-like microfibers in the form of a thin hydrogel construct on the order of 100 to 200 μm. These structures provide a rich 3D culture environment for many different cell types. [5.2.1 - LM]
5.2.1. Figure 2b,c,e,f (Video Editor: Label Figure 2b as “Hexagonal Pillars”, Figure 2c as “Thin Meshes”, Figure 2e as “Hole Arrays”, and Figure 2f as “Microcomb-like Microfibers”)
6. Conclusion (said by authors on camera) 
6.1. Jaejung Son: After watching this video, you should have a good understanding of how to create cellular hydrogel sheets for engineering in-vivo like 3D culture system from the bottom up. 
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.  

Insert your media filenames here.

2.1_53475_Je-Kyun Park_Figure1(1).tif 
- a photomask image
5.1.1_53475_Je-Kyun Park_Figure 3a.tif
- human liver carcinoma cells, fluorescing green, and NIH-3T3 fibroblasts, fluorescing red
5.2.1_53475_Je-Kyun Park_Figure 2b.tif
- Hexagonal Pillars
5.2.1_53475_Je-Kyun Park_Figure 2c.tif
- Thin Meshes
5.2.1_53475_Je-Kyun Park_Figure 2e.tif
- Hole Arrays
5.2.1_53475_Je-Kyun Park_Figure 2f.tif
- Microcomb-like Microfibers
4.5.1.A.2_53475_Je-Kyun Park_Movie_1.avi
- First sheet alignment (Using a stereoscope at 7x)
4.5.2.A_53475_Je-Kyun Park_Movie_2.avi

- Final sheet alignment (Using a stereoscope at 7x)
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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