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Short abstract : This video depicts an easy technique for printing micropatterns of fibronectin onto a polystyrene dish, thus allowing the control of the cells adhesion et shape.

Long abstract : The described protocol is a simple, fast and efficient method to make adhesive micropatterns to control individual cell shape and adhesion pattern. It is based on the use of an elastomeric stamp with micro-features to print the proteins on the substrate of choice. The entire process can be subdivided into three main parts. The first part describes the fabrication and use of the poly-dimethylsiloxane (PDMS) stamp. It can be performed in any lab without specific equipment. The second part is about the actual printing of proteins onto the dish. The stamp is inked with extracellular matrix proteins and dried. Proteins are then printed on a tissue culture polystyrene dish. The non printed areas are back-filled with poly-L-Lysine-poly-ethyleneglycol (PLL-PEG). The complete procedure to produce micro-patterned substrates with stamps can be completed in less than two hours. The last part describes cell deposition on the micro-patterned substrate.


Acknowledgments : I would like to thanks Joanne Young for helping me with the pronunciation of “thoroughly”and Apple for releasing for free the old version of iMovie.

Materials :
Silicon master used to make the mold, can be fabricated in collaboration with a lab dedicated to micro-fabrication or purchased from a company (Biotray, Lyon, France)
TCPS (Dominique Dutscher, 35mm, ref 353001)

Reagents : 
Phosphate Buffer Saline (PBS)
Solution of Fibronectin from bovine plasma (1 mg/mL (in 0.5 M NaCl, 0.05 M Tris, pH 7.5), cell culture tested, sterile purchased from Sigma (REF #F1141)
Poly-dimethylsiloxane (PDMS) purchased from Dow Corning, Sylgard® 184 kit, 1kg.
PLL(20)-g[3,5]-PEG(2) (SurfaceSolutions, Switzerland)
Parafilm
Trypsin (0,5g/L)-EDTA(0,2g/L) (Invitrogen/Gibco, 25300-054)
DMEM or DMEM-F12 (Invitrogen/Gibco, 31331-028)
SVF (Dominique Dutscher, ref 500105). 
Penycilin-streptomycin (Invitrogen/Gibco, 15140-122).
Flasks for cell culture (Sigma, 75cm2, 430641)
Pipettes


Equipement : 
Oven (e.g. Fisher bioblock Scientific, B33887)
Laminar flow hood
Inverted microscope
Scalpel


Protocole :

Stamp fabrication 
1- PDMS and curing agent (both included in the Sylgard kit 184) are thoroughly mixed in a plastic beaker in a 1:9 ratio. This induces formation of many bubbles.
2- PDMS mix is degassed with a centrifugation step (5 minutes at 4000 rpm). 
· Note: alternatively, a vacuum can be used to remove air bubbles. The duration depends on the vacuum strength. A too strong vacuum induces rapid air bubbles growth but the mix can spread over the beaker edges.
 

3- A 5 mm thick layer of degassed PDMS mix is cast on the resist master and cured 3 hours at 60°C in the oven.
· Note : A too long cooking could induce a strong resist-PDMS binding resulting in master destruction at next step.
4- The PDMS layer is gently pealed-off. 
· Note : The microstructures can be seen at the surface of the PDMS layer on a classical bench microscope.
5- The region of interest containing the chosen micropattern geometries can be visually located on a simple microscope with transmitted light. About 1cm2 stamps were manually cut out of it with a scalpel. 
Stamps must be stored in a close package to be kept away from dust. They can be kept for months before being used.

Stamping :

1-  Incubate Fibronectin or other adhesion protein for 20 minutes on the stamp. Just put the solution and spread it with the tip
2-  Wash three times with PBS by adding and removing a drop of PBS
3-  Let the stamp go dry and as soon as wet zones disappeared, apply the stamp on the polystyrene and leave it for a minute
4-  Carefully remove the stamp and plunge it into water to wash proteins.
5-  Add PLL-g-PEG on the stamped zone and incubate under a parafilm for 30 minutes 
6-  Add PBS to remove the parafilm and wash 2 times with PBS

Cell Deposition :
The described micro-patterned substrates have been used successfully with the following cells: HeLa-B, RPE-1, MCF10A, MCF7, NIH3T3, HepaRG, MDCK and human mesenchymal stem cells.

Method

1- Adherent cells are washed in PBS and detach from their flask with trypsin-EDTA (for 5 to 10 minutes, depending on the dilution used and the cell type), or Versen EDTA.
2- Complete culture medium (DMEM or DMEM-F12 + 10% SVF + 1% penicylin and streptomycin) is added to the flask and collected cells are centrifugated 3 minutes at 1500 rpm.
3- Supernatant is removed and cells are resuspended in culture medium at 150 000 cells/mL.
4- Cell solution is added on the micropatterned substrate (glass slide or TCPS dish). The final density should be about 10 000 cells per cm2. The whole is placed in the incubator.
5- After a given time that varies from one cell line to the other (10 minutes for RPE1 and one hour for HeLa-B) it is checked under the microscope that a sufficiently large proportion of cells have attached to the micro-patterns. 
6- Non-attached cells are removed with a flow of medium added to one side of the dish and aspirate on the other. 
· Note : pay attention not to aspirate all the medium without adding some more at the same time otherwise the dewetting of the solution due to PEG physico-chemical properties could dry the attached cells.
7- Attached cells are put back in the incubator to let them spread fully.
8- One hour later cells can be fixed or video-recorded.


Discussion :  
This technique allows the control of the geometry of the cell and can therefore be very useful in a whole lot of applications like studying cell polarity or the orientation of the division axis. 
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