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A powerful way to perform quantitative cell analysis at single cell level using cell normalizing adhesive micropatterns is described. The method allows highly reproducible and sensitive results unachievable using conventional cell culture supports. This technique could be used in different cell based assays where cell variability is an issue. 

Long Abstract: (400 words maximum)

High Content Analysis (HCA)  is the automated high resolution analysis of individual cells whereby complex cellular pathways and processes can be studied. To date, most HCA studies are carried out with adherent cell lines grown on homogeneous surfaces, allowing cells to spread and divide in all directions. The result is an inherent variability of cell shape, morphology and behavior, which is slowing down a larger use of HCA in drug development. The discovery that micropatterns could normalize individual cells is a tremendous opportunity to tackle this problem.

Cell shape and internal organization is the outcome of a complex interaction between the cell cytoskeleton and external conditions. In tissue, cells present reproducible shape and internal organization in response to external signals such as cell-cell or cell-ECM contacts. When cells are plated on conventional culture dishes, extracellular spatial information is lost. Under such conditions, cells adopt random morphologies, a highly artefactual situation compared to the tissue environment.

By controlling the location of adhesive and non-adhesive areas, concave shape micropatterns restitute spatial information to the cell and induce a highly reproducible and polarized cell internal organization similar to that found in tissue. 

Here, to illustrate the potential of adhesive micropatterns and cell normalization in High Content Analysis, we conducted a series of assays with blebbistatin, a model drug whose effects on the actin cytoskeleton are very difficult to quantify at low doses using conventional 2D cultures. We first determined cellular parameters for studying blebbistatin effects and show that one can efficiently quantify drug impact on cells at low doses. We also demonstrate that such analyses on adhesive micropatterns can be performed using very few cells (20-60) in contrast to the thousands of cells usually necessary to obtain statistically valid results. 
To cite reference here…
1. Introduction (to be completed)
Below is given a standard protocol for cell seeding, fixation and staining on adhesive micropatterns.

2. Cell preparation and seeding on micropatterns
2.1. CYTOOchips are packaged individually. Remove paper seal and place CYTOOchips in 35 mm culture dishes or in a 6 well plate ensuring that you read “CYTOO” in the lower right corner of the CYTOOchip.
2.2. Collect cells by trypsinization (EDTA alone or “VERSENE” are preferred for cell detachment whenever possible) and centrifuge using your usual settings. Resuspend the cells gently and check that they are properly dispersed under a microscope. Count cells and dilute to a concentration of 15,000 cells per ml. 

2.3. Dispense 4 ml (60,000 cells) into each well/dish. The dish should be moved as little as possible to avoid inducing rotating movements in the medium as this will tend to concentrate cells at the centre. 

2.4. Let the cells sediment for 10 min under the hood then move them to the cell incubator. The adhesion process will start immediately

2.5. After 10-20 min, depending on the cell type, cells will start attaching.

2.6. As soon as cells have attached, change the cell medium and gently flush the coverslip surface using the following procedure:

2.7. Keeping the dish/plate flat, aspirate gently the medium with a pipette from the side of the dish/well. Take care to keep the chip wet while removing most of the medium.
2.8. Add 4 ml PBS and aspirate again first starting at the center of the chip then moving to the sides of the dish/well to aspirate most of the PBS as above. Repeat 3-4 times.
2.9. Check under the microscope for floating cells. If you see floating cells then repeat the washing procedure.
2.10. If you see very few floating cells, aspirate the PBS and replace with fresh medium. Aspirate again and add 2 ml of medium.
Note. Never let the CYTOOchip dry out! Avoid touching the bottom of the well and the chip with your aspirating pipette. Favor slow aspiration. This procedure will remove all cells that have sedimented onto non-adhesive surfaces and limit the number of micropatterns occupied by more than 1 cell.

2.11. Place the dish/plate in the cell incubator for at least one hour to allow cells to achieve full spreading.

Note: Using this method between 10-30% of the micropatterns will be occupied by a single cell (other patterns are empty or occupied more by than one cell). As there are about 20,000 micropatterns on each chip, this leaves enough micropatterned cells which can be analyzed in your assay. Work from M Bornens’ lab as well as other teams have shown that just 50-100 cells are sufficient to get a statistically valid result (see references, in particular that in PNAS)

3. Cell Fixation and Immunofluorescent Staining
3.1. Solution preparation (4% PFA-CB 1X- with sucrose) for Cell Fixation

Please see reagent section for the preparation of cytoskeleton buffer (CB) and PFA 5% solution.
- Prepare CB 1X with sucrose: add 1 g of sucrose to 2 mL of CB 1X
- Add 1 mL of this solution in a tube with 4 mL of defrosted room temperature PFA 5% (PFA becomes 4% final)

Note:
· the solution should be prepared on the day of cell fixation

· the solution can be kept at 4°C for a few days only

· CB is recommended for subsequent immunofluorescence labelling of actin filaments and microtubules. Inclusion of sucrose keeps the cell iso-osmotic which also helps preserve internal cell structures.

3.2. Permeabilization with Triton X-100

- Add PBS-0.1% TX-100 and incubate 3 min at RT

- Wash twice with PBS

Note: PFA fixed slides can be kept several weeks at 4°C in PBS before immunostaining.

3.3. Fixation

- Discard medium and without washing, add 4% PFA+CB with sucrose

- Incubate 10 min à RT

- Take off PFA and wash twice with PBS

3.4. Reduction of PFA (Optional)

- Do the second wash with 50 mM NH4Cl for 10 min in order to quench residual PFA crosslinking activity

- Wash with PBS

3.5. Actin immunostaining

- Add FITC conjugated phalloidin diluted 1:2000 in PBS with 1.5% BSA 

- Incubate 1 h at RT.

- Wash 3 times

3.6. Nuclei immunostaining 

- Add Hoechst (1µg.mL-1)

- Incubate 3 min at RT.

- Wash 3 times

3.7. Mounting on slide

- Mount CYTOOchip onto standard microscope slide using Mowiol
4. Automated image acquisition (using MetaMorph)

To be prepared

5. Automated image analysis (using ImageJ macros) 

Note: instead Y-shape pattern, L-shape pattern will be used for the movie

5.1. Create stacks of images for all three channels centered on micropatterns

This step uses the fluorescent micropatterns to delineate regions centered on micropatterns. These regions are recorded and transposed onto stacks of the other remaining channels. Individual images are cropped and then extracted and reassembled into stacks. A RGB-stack is also created from the merge of the three channels.
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5.2. Apply single cell selection filter (using nuclei) counting

The micropatterns might have different occupation status, i.e. single cell, multiple cells or empty. To select for single cells, the macro detects the number of nuclei per image. If the nuclei count is different from 1, the slice is excluded from the stack, generating stacks for each of the three channels and RGB that now contain only single cells. 
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5.3. Eliminate artefactual (not normalized) cells using cell area cut-off filter
To remove dividing and other artefactual cells one should apply another filter using the FITC channel (not shown). Cell area is calculated and those below a certain cut off (about 2 times less than interphase cell area), are removed from the stack. This second filter will need to be adjusted depending on the pattern size.

5.4. Align cell images
From the previous steps, images containing single micropatterned cells were selected. Even though these images were centered on micropatterns, they are not perfectly aligned. To correct this, a special ImageJ realignment plugin function is applied. Overall, this operation results in image realignment in all three channels. This step generates aligned stacks of individual images that can now be used for single cell analysis or creation of Reference Cell™.

5.5. Build a Reference Cell

A Reference Cell for each channel is created by performing a Z-projection on each stack of filtered and aligned images as well as the RGB merge stack. You can choose between several methods for Z-projection, such as median, average, maximum intensity. Finally, apply a LUT (Look Up Tables) to convert the Z-projected image into a color-coded frequency map that facilitates examination and interpretation of the results. 

5.6. Measure the HCA parameters of interest

You can measure the parameters on individual cell images or on the Reference Cell™. 

6. Conclusion

Representative Results 
Relevant images will be provided
Cell seeding step.
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	HeLa cells on micropatterns after flushing with PBS. Very few cells are floating over the cytophobic areas. Round cells are attached (this can be checked by gently shaking the dish).
	HeLa cells after full spreading on crossbow micropatterns




Automated Acquisition Analysis Step:
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Analysis step:


[image: image6.emf]
Tables and Figures:    
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Discussion: Short discussion on critical steps, possible modifications, applications, significance, etc…
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