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Short Abstract: 

This procedure demonstrates the purification and in vitro expansion of antigen specific CD4+ T cells from whole peripheral blood and their visualization using MHC class II tetramers.
Long Abstract:
Major histocompatibility complex (MHC) class II tetramers allow the direct visualization of antigen specific CD4+ T cells by flow cytometry.  This method relies on the highly specific interaction between peptide loaded MHC and the corresponding T-cell receptor.  While the affinity of a single MHC/peptide molecule is low, cross-linking MHC/peptide complexes with streptavidin increases the avidity of the interaction, enabling their use as staining reagents.  Because of the relatively low frequencies of CD4+ T cells (~1 in 300,000 for a single specificity) this assay utilizes an in vitro amplification step.  Mononuclear cells are purified from peripheral blood by Ficoll underlay.  CD4+ cells are then separated by negative selection using biotinylated antibody cocktail and anti-biotin labeled magnetic beads.  Using adherent cells from the CD4- cell fraction as antigen presenting cells, CD4+ T cells are expanded in media by adding an antigenic peptide and IL-2.  The expanded cells are stained with the corresponding class II tetramer by incubating at 37 C for one hour and subsequently stained using surface antibodies such as anti-CD4, anti-CD3, and anti-CD25.  After labeling, the cells can be directly analyzed by flow cytometry.  The tetramer positive cells typically form a distinct population among the expanded CD4+ cells.  Tetramer positive cells are usually CD25+ and often CD4 high.  Tetramer positive cells may also be enriched or sorted for further phenotypic analysis.
Text: 
1. Peripheral blood mononuclear cell (PBMC) isolation
1.1. Obtain a blood sample – blood should be collected in syringes or blood tubes and anticoagulated with heparin (1:50 ratio) to prevent clotting.  Expect a yield of about 1(106 PBMC per mL of blood – about 40% of which will be CD4+ T cells.
1.2. Aliquot the blood into 50 mL conical tubes, 25 mL per tube.  If blood has separated, gently mix before aliquoting to distribute the plasma
1.3. Add PBS, bringing the total volume to 40 mL and underlay by drawing up 11 mL of Ficoll, inserting into blood tube, and carefully removing the pipet Aid from the pipette.  The ficoll will slowly drain into the bottom of the tube.  Once the level has equalized, slowly remove the pipette from the blood tube and discard.
1.4. Cap the blood tubes and move into the Aerosolve canisters.  Firmly close the canisters and centrifuge at 900(g for 20 minutes – no brake.  It is critical that no brake is applied at the end of this spin as the braking force will disturb the layer of cells.
1.5. After the spin, the PBMCs should form a distinct white layer between the yellow plasma (above) and transparent ficoll (below).  Gently skim off white blood cell layer using a transfer pipette and transfer to new tube.  Some plasma and Ficoll may be drawn up with the PBMCs, but avoid drawing up any of the red cell layer.  Typically two blood tubes can be combined into one cell tube at this step to increase the pellet size.
1.6. Add PBS, bringing the total volume to 50 mL and centrifuge at 500(g for 15 minutes – low brake in aerosolve canisters.

1.7. Aspirate liquid using a Pasteur pipette, taking care not to disturb the pellet
1.8. Treat with hemolytic buffer by adding 5-6 mL to each tube and gently mixing to remove clumps.  Incubate for no more than 5 minues.
1.9. Add PBS, bringing the total volume to 50 mL and centrifuge at 230(g for 10 minutes – low brake.  Aerosolve canisters are no longer needed for these slower spins.
1.10. Wash two times: Aspirate liquid using a Pasteur pipette, fill tube with PBS and centrifuge at 230(g for 10 minutes.
1.11. Prior to the final wash step, remove an aliquot of re-suspended cells, dilute with trypan blue, and count using a hemocytometer.  This cell count will dictate the reagent volumes used in the T cell separation step.
2. CD4+ T cell separation
2.1. Aspirate liquid and add running buffer to bring the total volume up to 40 uL per 10 million cells.  Usually this requires 30 uL of buffer plus the residual pellet volume.
2.2. Transfer this volume to a 15 mL conical tube.
2.3. Add antibody cocktail from the CD4 isolation kit – 10 uL per 10 million cells, cap tube, and place on ice for 10 minutes
2.4. Remove tube from ice, remove cap, and add 30 uL of running buffer per 10 million cells
2.5. Add magnetic beads from the CD4 isolation kit – 20 uL per 10 million cells, cap tube, and place on ice for 15 minutes
2.6. Add ten volumes of running buffer to wash and centrifuge at 230(g for 10 minutes.
2.7. During the spin, set up the magnet and 5 mL polypropylene tube in your workspace
2.8. Aspirate liquid from cell pellet, add 2 mL running buffer and remove clumps using a transfer pipette
2.9. Using the same transfer pipette, transfer cells into the 5 mL tube and incubate in the magnet for 15 minutes
2.10. Carefully decant the CD4+ cell fraction into a marked 15 mL tube by inverting the magnet and emptying all but the last drop
2.11. Add another 2 mL of running buffer to the 5 mL tube and remove from magnet
2.12. Gently rinse the CD4- cells off the sides of tube and transfer to a marked 15 mL tube
2.13. Add 2 mL T cell medium to each tube, remove aliquots for cell counting and centrifuge at 230(g for 10 minutes.
2.14. Dilute cell aliquots with trypan blue and count using a hemocytometer.  These cell counts will dictate the number of wells used for the expansion culture step.
3. In vitro Expansion culture
3.1. Aspirate liquid from the CD4+ and CD4- cell pellets 
3.2. Based on the cell counts add media to CD4+ cells to adjust the volume to 3 million cells/mL.  Add media to the CD4- cells to adjust the volume to 10 million cells/mL
3.3. The expansion culture requires 3 million CD4- cells per well and 2-3 million CD4+ cells per well.  Typically, CD4+ cells are the limiting population
3.4. Aliquot CD4- cells into the appropriate number of wells on a 48 well plate by adding 300 uL to each.  Place the plate in a 37( incubator for 1 hour
3.5. Remove the plate from the incubator.
3.6. Wash the wells by adding 500 uL of fresh media and gently pipetting up and down 12-20 times using a transfer pipet and removing all of the liquid.  This wash will leave behind a layer of adherent antigen presenting cells.
3.7. When the washing is complete, add just enough media to wet the bottom of each well (roughly 100 uL) – otherwise the adherent cells will dry out
3.8. Add 2-3 million CD4+ cells to each well.  If necessary, add additional media to bring the total volume in each well up to 1 mL
3.9. Add the desired peptide to each well.  The typical concentration for stimulation is 10 ug/mL final.
3.10. Place plate in a 37( incubator for 7 days
3.11. After 7 days, add 50 uL of Hemogen IL-2 to each well.
3.12. On each subsequent day, monitor cell growth using a microscope.  Feed wells that are not yet confluent by removing half of the media, adding fresh media and 50 uL of IL-2.  Split confluent wells by resuspending the cells, moving half of the cells to an empty well, adding fresh media and 50 uL of IL-2.  Return cells to incubator.
3.13. The expanding cells will be ready for tetramer after 13-15 days of culture.
4. Visualizing T cells by tetramer staining
4.1. Purchase or assemble tetramers to match the peptide/MHC combinations that match the stimulated CD4+ T cells
4.2. Remove plate from incubator
4.3. Carefully draw off half of the media from each well
4.4. Transfer an aliquot of cells from each well – typically 75 uL or about 50,000 cells -  into a 5 mL polystyrene FACS tube
4.5. Add tetramer – typically 1 uL per 50 uL total volume - and place in 37o incubator for 1 hour.  It is also advisable to stain a second aliquot of each well with a mismatched tetramer as a negative control.
4.6. Label cells with anti-CD3, anti-CD4, and anti-CD25 antibodies.  Additional or alternative antibody markers can be used.  However, do not use PE labeled antibodies since this channel must be reserved for the tetramers.  At this time, also label any single color or isotype controls using extra cells.
4.7. Incubate antibody labeled cells for 15-30 minutes at 4 degrees
4.8. Wash each tube with 0.5 to 1 mL running buffer and centrifuge at 230(g for 10 minutes.
4.9. Carefully decant liquid from FACS tubes 
4.10. Calibrate Flow Cytometer using reference beads, single color control tubes, isotype controls, etc.
4.11. Analyze each tube using a Flow Cytometer
5. Representative Results

5.1. The tetramer positive cells should be a distinct population among the expanded CD4+ cells (Figure 1).  
5.2. Tetramer positive cells are usually CD25+ and often CD4 high.

Discussion: 

Understanding the role of CD4+ T cells in immunity is fundamentally important.  However, antigen specific CD4+ T cells are difficult to detect and isolate using traditional methods.  In contrast, MHC class II tetramers allow the direct visualization of CD4+ T cells with the desired antigen specificity.  This video demonstrates the isolation, purification, and in vitro amplification of CD4+ T cells and their subsequent visualization using tetramers.  Tetramers are fluorescent protein conjugates consisting of soluble biotinylated class II α/( dimers conjugated around a fluorescent labeled streptavidin core (Figure 2). The tetramers used in this video were produced in our laboratory using insect cell cultures (1).  However, class II staining reagents can be obtained from several sources.  The tetramer assay is effective in visualizing T cell specific for either foreign or self antigens, but the strength of interaction is inherently much lower for self antigens.  Several variations of the assay are possible.  For example, CD4+ T cells can be further fractionated prior to stimulation (e.g. into memory and naïve populations), stimulated using a whole protein or peptide pools (2), or various treatments may be added to different wells to measure their influence on the antigen specific response.  Since only a portion of each well is needed for tetramer analysis, the remaining cells can stained with tetramer for sorting or reserved for other purposes. The setup for each individual experiment will be dictated both by the characteristics of the sample and by the scientific question being asked.  For design purposes it is critical to know the HLA type of the blood donor because this will influence the epitopes used for expansion and will dictate the corresponding tetramer that must be used.  Knowledge of the disease or immunization status may also be crucial for interpreting results.  It is important to carefully maintain the cells during the amplification step, since unhealthy cells can give very poor results.  Also, proper machine setup, gating and negative controls are important for obtaining high quality flow cytometry results.
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments

	Class 2 Laminar flow biosafety cabinet
	Thermo Forma
	1200
	Or equivalent

	50 mL conical Tube
	VWR
	47747-182
	Or equivalent

	1X PBS (Ca/Mg free)
	HyClone
	SH30028.02
	Or equivalent

	Ficoll-paque PLUS
	GE Healthcare
	17-1440-03
	foil wrapped to protect from light

	Pipet Aid XP
	Drummond
	4-000-101
	Or equivalent

	10 mL pipet
	Corning/Costar
	CLS4492
	Or equivalent

	Aerosolve Canisters
	Beckman
	359481
	with 50 mL inserts

	Centrifuge
	Beckman
	GS-6R
	Or equivalent

	Transfer pipets 
	Samco
	202-20S
	Or equivalent

	Pasteur pipets
	VWR
	14672-200
	Or equivalent

	Hemolytic Buffer
	<na>
	<na>
	8.3 g/L NH4Cl, 1.0 g/L NaHCO3, 0.04 g/L disodium EDTA

	Trypan blue
	Sigma
	T6146
	0.2% in PBS

	Hemocytometer
	VWR 
	15170-208
	

	15 mL conical tube
	VWR
	05-527-90
	Or equivalent

	Running Buffer
	<na>
	<na>
	PBS + 2mM EDTA + 5g/L BSA

	MACS CD4+ T Cell Isolation Kit II
	Miltenyi Biotec
	130-091-155
	Or Equivalent

	EasySep® Magnet
	Stem Cell Technologies
	18000
	

	5 mL polypropylene tube
	Falcon
	352063
	

	RPMI 1640 
	Invitrogen
	22400-089
	with 25 mM HEPES

	Pooled human serum
	<na>
	<na>
	drawn from healthy donors, heat inactivated and filtered

	Pen Strep
	Invitrogen
	1570-063
	Or equivalent

	500mL 0.22 micron bottle top filter
	Nalgene
	595-3320
	Or equivalent

	48-well plate
	Costar
	3548
	Or equivalent

	37( CO2 incubator
	Sanyo Scientific
	MCO-18AIC
	Or equivalent

	20 mg/mL synthetic peptide
	<na>
	<na>
	Custom synthesis from any peptide vendor

	5 mL FACS tube
	Falcon
	352008
	Polystyrene

	Peptide loaded class II tetramer (as described)
	<na>
	<na>
	Prepared by the BRI tetramer core

	Anti-CD3
	BD pharmingen
	347344
	Or equivalent

	Anti-CD4
	eBioscience
	17-0049-73
	Or equivalent

	Anti-CD25
	eBioscience
	11-0259-73
	Or equivalent

	Facs Calibur Flow Cytometer (BD)
	BD Biosciences
	342975
	Or equivalent
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Figure legends
Figure 1.  Representative tetramer staining results.  The upper left panel shows forward scatter verses side scatter and the lymphocyte size gate (R1).  The upper right panel is gated for R1 and shows ant-CD4 versus anti-CD3 and the CD3+ (R2) and CD4+ (R3) gates.  The lower left panel is gated for R2 and shows anti-CD4 versus tetramer.  The lower right panel is gated for R3 and shows ant-CD25 versus tetramer.  The quadrants for both tetramer plots should be set using an irrelevant tetramer.
Figure 2. Schematic of MHC class II tetramer.  The red core represents the streptavidin-PE molecule.  The green and black extentions represent the MHC class II α/( dimers.  The complex is joined by the high affinity interaction between biotin and streptavidin.
