[bookmark: _GoBack]
Sourced from and excerpts taken from and added to the:  CINCINNATI CHILDREN’S  RESEARCH FLOW CYTOMETRY CORE   CELL SORTING GUIDELINES

 The purpose of this document is to provide general guidelines and best practices for preparing samples for cell sorting. Be mindful that every sample type is different and modifications may be needed. 

A successful sort results in good purity and yield of the target population and is dependent on these five things: 
1. Cell harvesting and preparation 
2. Cell staining and fluorochrome choice 
3. Proper controls 
4. Sample and sorting conditions 
5. Sample collection conditions 

1. CELL HARVESTING AND PREPARATION: 
A successful sort is dependent on good sample preparation! 
When harvesting cells prior to staining and/or cell sorting, two important factors need to be minimized for the best sort purity and yield. 
1. Cell death 
2. Cell aggregation 

Following are preparation tips that can help to achieve this goal. 
Preparing Cells from Tissues: 
The goal of preparing tissues for cell sorting is to maximize the yield of functionally viable, dissociated cells. Unfortunately, these types of samples often contain a high percentage of dead cells and debris as a byproduct of the dissociation process, which interferes with the quality of the sort and the resolution of the target population. A good resource (amongst others) for tissue dissociation can be found on the Worthington Biochemical or the Sigma. 
Preparing Adherent Cultured Cells: 
Adherent cultured cells are most commonly removed from the culture substrate by treatment with trypsin. Trypsin formulations and conditions vary depending on the cell type but incubating cells with too high a trypsin concentration for too long will damage cell membranes and kill the cells. In addition, trypsin can alter cell surface antigens and therefore alter binding of detection antibodies used to identify target populations. To inactivate trypsin use of a trypsin inhibitor such as Soybean trypsin inhibitor is better than serum, as serum adds back divalent cations that facilitate cell adhesion/aggregation. To inhibit cell aggregation, EDTA can be added as a divalent cation chelator as described in Section 4 (Sample conditions for sorting). An alternative for dissociation of adherent cultured cells is Accutase or Accumax, which can aid in dissociating cell clumps especially for use in flow cytometry applications.  
Cell Enrichment/Depletion and Red Blood Cell (RBC Lysis): 
Whether to perform enrichment or depletion depends on the frequency of the target population and the specimen type. Depletion of unwanted cells that constitute a larger population in your sample and RBC lysis cut down the sorting time and increase the efficiency of rare event sorting. Depletion/Enrichment can be done by using either magnetic bead based technology (such as AutoMACS) or by using density gradient centrifugation. Reagents like Lympholyte (Cedarlane) can be used for enriching lymphocytes from non-lymphoid organs by density gradient. 
Samples abundant with RBCs should be treated with ACK (Ammonium-Chloride-Potassium) lysis buffer that can be made or purchased from a variety of companies. 

Cell Filtration: 
Cell clumping can also be reduced by filtering samples during processing and just prior to analysis or cell sorting. Depending on the size of your cells, a 70μm cell strainer insert or a 35-μm cell strainer tube ( Facs Facility use 40um strainers, available upon request) can be used to collect the filtered sample. Filter the sample immediately prior to sorting or analysis (even if you filtered before staining). 
Dead Cells: 
Cell death should be minimized at every step of sample preparation. Hank’s Balanced Salt Solution (HBSS) or a culture medium such as RPMI-1640 without phenol red is a better choice to maintain live cells than PBS. The addition of 2% BSA or 2% FBS and 25mM HEPES buffer pH 7.0 comprises the Basic Cell Sorting Buffer that has been found to maintain pH and cell viability. Dead cells typically have high auto-fluorescence and bind non-specifically to antibodies resulting in high background and/or false positives. Dead cells release nucleic acids and other intracellular material that cause intact cells to clump. Dead cells can be removed using a ficoll gradient and/or cell clumping minimized by DNase I treatment for 15 to 30 minutes in a solution of 100 μg/mL DNAse and 5 mM MgCl2 in HBSS at room temperature. Wash the cells once in the presence of 5 mM MgCl2 in HBSS. Gently suspend the cells in Staining Buffer (or PBS) containing MgCl2 and 25-50 μg/mL DNase (as a maintenance dose) prior to and during the sort. A dead cell discriminator such as 7AAD or PI should be included to eliminate dead cells from the sorted population. For an extensive listing of viability dyes, visit web sites of various manufacturers
Prepare Enough Cells: 
Cell loss occurs during every manipulation at each stage of preparation. A realistic estimate of the number of cells needed will be based on these losses and sorting efficiency. Sorting efficiency is an electronic calculation made by the cell sorter. Sorter-specific algorithms and rate of flow interact with sample characteristics such as cell size, type, cell death, cell population distribution and cell concentration to affect sorting efficiency. Empirically, dim and/or cultured cells tend to have lower sorting efficiencies than bright, primary cells such as mouse bone marrow cells. Typical sorting efficiencies for cultured fibroblasts will a have a lower efficiency, than clean, bright preparation of primary lymphocytes, which may sort at 99% depending on relative abundance of target population and gating strategies. Preliminary experiments with cell preparation and staining are recommended on the cell analyzers so that the number of cells needed for the sort will be available. 

[bookmark: two]2. CELL STAINING AND FLUOROCHROME CHOICE: 
A successful sort is dependent on good resolution of sorted populations! 
If there are any questions about fluorochrome choice or cell staining procedures, please consult our staff. 
Fluorochrome Selection: 
Consider doing a preliminary analysis of your experiment before bringing your cells for sorting. Generally, “positive” populations that are dim and only minimally separated from a slightly dimmer "negative" population will lead to a poor analysis and/or a poor sort. 
A thoughtful balance of fluorochrome brightness with cellular marker abundance is important for optimal resolution of cell populations. Please refer to the fluorochrome brightness chart on the “About Our Core” > “Combined Stain Index and symphony spread matrix verified “

Spectral Overlap: 
Another important consideration in panel design is the amount of spectral overlap between fluorochromes. Spectral spill-over from a very brightly stained channel into a detector that requires high-sensitivity can be a real problem. This problem of overlapping emission spectra can be minimized with the use of one of the many “Spectra Viewers” available online, or the Heat Map in “About Our Core” > “Combined Stain Index and symphony spread matrix verified “

Blocking Non-specific Binding: 
An ideal antibody would have a high affinity to only one, specific cellular epitope. Unfortunately, non-specific binding can be a problem even when using a correctly-titrated antibody. In these cases, a blocking reagent is needed. Usually, a blocking reagent contains a high concentration of species-specific immunoglobulin that can bind to the Fc-receptors that are often responsible for the non-specific binding of the staining antibody. Specific antibodies to Fc receptors can also be purchased and have been used successfully, see the manufactures’ website for more information. 
Titrating Antibodies: 
The optimal concentration for antibody labeling is when the ratio of antibody to antigen reaches a point of saturation. Too low and there will not be enough antibody to saturate all of the high-affinity binding sites; this will limit brightness, make small pipetting errors significant and make  quantitative conclusions about cytometric data suspect. Too high an antibody concentration will waste reagent, and could actually lower the signal-to-noise ratio due to high non-specific binding to low-affinity sites. Antibody titration can reveal the proper range where small changes in antibody concentration or cell number have little effect, but non-specific binding is minimized. For more specific information about antibody titration see this protocol from Current Protocols in Cytometry. 

Using Viability Dyes: 
[bookmark: three]Most investigators are interested in sorting live cells – even when the end application of the sorted cells may be for DNA and RNA analysis. Dead cells may exhibit high non-specific binding and can then contaminate sorted populations and can lower RNA quality by releasing RNases. Careful cell preparation to produce single, viable cells and reduce clumping will help, but viability dyes such as propidium iodide, 7AAD or the various Live/Dead dyes are able to distinguish cells with intact membranes (live) from those with leaky membranes (dead or dying cells.
3. CONTROLS: 
A successful sort is dependent on proper controls! 
Proper controls are essential for setting voltages, compensation and in identifying the gates for the population of interest. This is true for ANY fluorescent marker (e.g. GFP, viability dye). 
Unstained and Single Stained Control(s): 
Unstained controls are essential for determining background fluorescence and single stained controls are used to calculate the correct compensation values before a sort. Incorrect compensation can result in the wrong cells being sorted. Please bring an unstained/nonfluorescent control AND single stained controls for each fluorochrome/dye/fluorescent protein being used in your experiment to each and every sort appointment. 
Fluorescence Minus One Controls or FMO’s: 
A fluorescence minus one (FMO) control contains all fluorochromes of the multicolor cocktail except one. They represent the combinatorial background fluorescence from other channels into the channel of interest and aid in setting sort gates properly. Many researchers are resistant to using FMO controls on a routine basis because they consume cells, reagents and time, but in many cases they are needed to validate the gating strategy of a reagent panel particularly if you are using the panel for the first time. For more information on FMO’s, see Nature Reviews Immunology 4, 648-655 

[bookmark: four]4. SAMPLE AND SORTING CONDITIONS: 
A successful sort is dependent on appropriate sample and sorting conditions! 
The presorted cells should be in a buffer that maintains live, clump-free cells in suspension for the duration of the sort. In addition, it is vital to select the correct instrument settings for the cell type being sorted. 
Cell Sorting Buffer:     
Culture media is not an ideal sort buffer as high pressure during sorting increases the partial pressure of CO2 which in turn leads to a drop in pH. Therefore, a buffer with strong pH buffering capacity like 25mM HEPES is recommended to avoid cell death after sorting. Also, media containing phenol red dye can result in increased fluorescence background. High protein concentration in the sample buffer is known to adversely affect the scatter properties of cells. Therefore, cells should be resuspended in a low protein buffer, such as Ca++/Mg++ free PBS (or phenol red-free HBSS) to help reduce clogging and increase efficiency. 
Cell concentration in Basic Cell Sorting Buffer should be in the range of 10 to 20 x 10^6 cells/mL and if you have fewer than 5 x 10^6 cells, then a volume of 300uL should be used. Not all cell types can handle the recommended concentrations. Final cell concentrations may need to be adjusted (diluted) by the sorter operator to avoid aggregation of the sample so please bring extra sorting buffer to your appointment. The following is a suitable buffered medium, however, modifications may be necessary for your particular sample. This buffer can be filtered and stored at 4°C and antibiotics may be added to prevent microbial growth.

Basic Cell Sorting Buffer: 
• 1x PBS (Ca/Mg++ free) or HBSS (preferred) 
• 0.5-2% BSA or up to 2% heat-inactivated FBS [dialyzed against Ca/Mg free PBS] 
• 25mM HEPES pH 7.0 

These are the supplements that are highly recommended to reduce cell aggregation: 
• 1mM EDTA (chelates Ca/Mg ions that promote cell aggregation) A maximum of 5 mM EDTA could be used to prevent macrophages/monocytes from sticking to tubing; Some activated cells become clumpy and the chelators (EDTA) help reduce cation-dependent cell to cell adhesion. 
OR 
• 10U/ml DNase- (to remove DNA-induced cellular aggregation) If there are a large number of dead cells in the prep, it is likely that there is soluble DNA from the dead cells that will come out of solution. This DNA will start to coat the cells and lead to severe clumping. The addition of 10U/mL  

Note: DNase should not be used in combination with EDTA, as EDTA chelates the ions required for DNase function.

Filtering Your Cells: 
It is important that you filter your cells immediately prior to the sort. Even if you filtered your cells during the sample prep, they should be filtered immediately before sorting using a 35-μm cell strainer tube, 40um cell strainer. 

Selecting Sorting Conditions:
 sheath pressure and nozzle size can greatly impact cellular function and experimental outcome for downstream applications. Selecting the correct parameters is largely dependent on cell size and morphology in the sorted sample. While the sorter operator will determine the appropriate settings, the client should make sure that they communicate all necessary experimental details for this to occur.  


[bookmark: five]5. SAMPLE COLLECTION CONDITIONS: 
A successful sort is dependent on optimal collection conditions! 
Optimal Collection Media: 
The collection media is the post-sort solution that receives the droplets containing target cells in sheath from the sorter. If the sheath is PBS, the calcium chloride in most culture media is not compatible with the phosphate component of the PBS leading to precipitation of calcium phosphate crystals when a large number of cells are sorted. The optimal collection media will depend on the downstream experiments planned for the sorted cells, but below are some suggestions. 
Fetal Bovine Serum 100% to 50% in PBS 
OR 
Your own culture media with antibiotics 
OR 
PBS if collecting cells for RNA or DNA 
OR 
Lysis buffer from RNA isolation kit (e.g. buffer RLT from Qiagen kit) 
Lysis buffer dilution could be a problem depending on number of cells collected and nozzle size. For tips on sorting for RNA analysis, visit the Vermont Cancer Center website. 
Collection options: 
All collection tubes should be filled 1/3 full with the appropriate collection media.






Collection options: 

	Tube type
	Number of sorted populations

	1.5ml or 2ml microfuge
	Up to 4

	12x7m ml tube
	Up to 4

	15ml conical
	Up to 2

	Multiwell plates 96/384 or slides
	One population at a time 




Sterility: 
All tubes, plates, slides and buffers that are brought for collection should be sterile irrespective of the sterility requirement of your downstream process (even if it is for RNA/DNA/Protein). We require this to maintain an aseptic environment in the instruments and to avoid contamination of the actual sterile sorts. RNase free tubes should be considered if collecting the cells directly into RNA lysis buffer. 
Tube pre-coating: 
If recovery of live cells is the sorting goal, pre-coat the tubes with 1% BSA to avoid sorted cells sticking to the sides of the tubes. Fill the tubes with 1% BSA in PBS, cap and invert for at least half an hour prior to the sort. However, if performing Western blot for downstream analysis, tubes should not be treated with external protein. 
Post sort analysis: 
A small sample of the sorted cells can be analyzed to determine the effectiveness of the sort. Post sort analysis may be required if the result of the sort is to be published.

Expectation , sample condition


5. Case study 
“A few small adjustments to sorting to improve my yield. 
The first was sorting INTO media which is 90% FCS and 10% RPMI.
Sorting with the 85µm nozzle made a difference.

I also altered my thaw/recovery/stain protocols a bit, 
I did NOT leave thawed cells to recover for minimum 4 hours, instead straining out dead clumps of cells,
I mixed my thawed cryovial of cells straight into warm media quickly instead of cold media slowly,” 


Expectation , recovery , viability.

If the sample being presented for sorting is mostly dead, then the expectation is that the sort won’t give the expected results in terms of viability, functionality or purity.
See following page for an example of a sample with substantial cell dead. The discriminating parameters here are
FSC(size) and SSC ( granularity). This would be improved by use of a viability dye.
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