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[Abstract] To enable cells to move forward, cell surface integrins are internalized into an endosomal
compartment and subsequently intracellularly transported to be re-exposed at a new site on the cell
membrane. Leukocytes are the fastest migrating cell type in the human body, which express the
leukocyte-specific integrin LFA-1. Here, we describe a flow cytometry-based assay that allows the
quantification of LFA-1 internalization and its re-expression on the cell surface in T lymphocytes. An
advantage of using flow cytometry-based assay over biochemical methods is the low number of
needed cells. This protocol can be also used to measure recycling of other receptors.
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[Background] Leukocytes need to be quick to extravasate from the vascular in order to defeat
invading pathogens. To become effector cells, T lymphocytes need to migrate in the lymph nodes
where they can encounter their specific antigen (Ley et al., 2007). LFA-1, which is the major integrin
used by T lymphocytes to adhere and migrate, binds to its ligand intercellular adhesion molecule-1
(ICAM-1) on the endothelial or the antigen presenting cell (Evans et al., 2009). The reuse of LFA-1 is a
dynamic process as it is internalized and intracellularly transported to be re-exposed to a new sight on
the cell membrane for the cell to move forward (Svensson et al., 2012). The lysosomotropic amine
Primaquine can be used to block intracellular transport and when used in T cells LFA-1 dependent
migration is impaired (Stanley et al., 2012). The exact mechanism how LFA-1 is internalized and
recycled isn’t fully understood. One method to investigate the internalization and re-exposure of LFA-1 in
low number of cells is to label cells with the non-blocking antibody for LFA-1 (TS-2) and analyze the
internalization and re-exposure of LFA-1 at different time points by flow cytometry (Samuelsson et al.,
2017).
Materials and Reagents
1. Plastic wares
a. Pipette tips (2 μl, 20 μl, 200 μl and 1 ml)
b. 96-well polystyrene round-bottom microwell plates (Thermo Fisher Scientific, Nunc, catalog
number: 12-565-214)
c.

Microcentrifuge tubes (SARSTEDT, catalog number: 72.690.001)

d. 15 ml conical tubes (SARSTEDT, catalog number: 62.554.502)
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2. Cells (here we use human primary T lymphoblasts purified from whole blood. Other cell types
can also be used)
3. Bovine serum albumin (BSA) (Sigma-Aldrich, catalog number: A7030)
4. Primaquine diphosphate (PQ) (Sigma-Aldrich, catalog number: 160393)
5. Paraformaldehyde, 16% w/v aq. soln., methanol free (VWR, catalog number: 43368.9M)
6. Buffers
a. Phosphate buffered saline (PBS) (Thermo Fisher Scientific, catalog number: 14040133)
b. Hanks balanced salt solution with or without Ca2+/Mg2+ (HBSS) (Thermo Fisher Scientific,
Gibco, catalog numbers: 14025092 and 14175095)
c.

HEPES (Thermo Fisher Scientific, catalog number: 15630080)

7. Antibodies
a. LFA-1 antibody: Antibody purified from hybridoma TS2/4.1.1 (TS2/4.1.1, ATCC, catalog
number: HB-244)
b. Secondary Alexa Fluor® 647 donkey anti-mouse IgG (H+L) (Thermo Fisher, catalog
number: A-31571)
Equipment
1. Pipettes (0-2.5 μl, 2-20 μl, 20-200 μl, 100 μl-1 ml)
2. Incubator
3. Swing-out Centrifuge for microplates
4. Flow cytometry (BD Biosciences, model: LSR II)
Software
1. Flowjo, LLC (software for cytometry analysis)
Procedure
A. Labeling of surface LFA-1 (see Figure 1 for an overview)
1. Take 3.4 x 107 cells and wash in 15 ml ice cold HBSS wash buffer (Recipe 1).
2. Centrifuge at 300 x g for 10 min at 4 °C.
3. Remove 1 x 106 cells for unstained control and fix these in 200 μl 3% PFA in migration buffer
(Recipe 2) for 20 min on ice and wash in 1 ml ice cold migration buffer twice and resuspend in
200 μl ice cold 2% FBS in PBS and store until analysis at 4 °C.
4. Resuspend 3.3 x 107 cells (Note 2) in 1 ml of ice cold 10 μg/ml TS2/4.1.1 antibody in migration
buffer.
5. Incubate on ice for 30 min.
6. Wash once with 10 ml ice cold migration buffer.
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7. Centrifuge at 300 x g for 10 min at 4 °C.
8. Resuspend in 6 ml ice cold migration buffer and keep on ice until being used.

Figure 1. An overview of the assay for recycling of LFA-1
B. Labeling of intracellular LFA-1
1. Take 1 ml of TS2-stained cells and divide into 3 microcentrifuge tubes (330 μl cells/tube) and
add 0 μl from freshly made 30 mM PQ (Note 3) to one tube (control, 0 μM PQ) and 1.1 μl PQ to
the second tube (100 μM PQ) and finally 3.3 μl PQ to the third tube (300 μM PQ).
2. Take 110 μl into each well in a 96-well plate from each condition in Step B1 to make triplicates
for time point 150 min and incubate for 30 min at 37 °C.
Note: We repeat this procedure for the 120 min, 90 min, 60 min, 30 min, and 0 min time-points.
Two minutes before each time point (Note 4), we prepare the PQ samples as described in Step
B1. Precisely at the time points we take out the 96-well plate and add 110 μl into each well to
make triplicates. The 96-well plate is returned to the 37 °C incubator after each step.
3. After final incubation take out the 96-well plate and put on ice and add the last triplicates
(110 μl/well) for the 0 min time point.
4. Add 100 μl of ice cold migration buffer into all wells and centrifuge the plate at 300 x g, 4 °C for
2 min.
5. Resuspend cells in ice cold 2 μg/ml donkey anti-ms-AF647 in ice cold migration buffer with 0.1%
BSA for 20 μl/sample.
6. Incubate on ice for 20 min.
7. Wash twice each with 200 μl ice cold migration buffer and centrifuge the plate at 300 x g, 4 °C
for 2 min.
8. Fix cell with 3% PFA in ice cold migration buffer for 20 min at 4 °C.
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9. Wash twice each with 200 μl ice cold migration buffer and centrifuge the plate at 300 x g, 4 °C
for 2 min.
10. Resuspend in 200 μl 2% FBS in PBS and transfer to FACS tube.
11. Analyze samples using flow cytometry or store at 4 °C until analysis.
Data analysis
1. For flow cytometry analysis, collect 30,000 gated events using FSC-A and SSC-A to avoid dead
cells for each sample.
2. Cells are then analyzed by using FSC-A and FSC-H to gate for single cells and then FL-4 to
create histograms for the different time points and calculate Mean Fluorescence Intensity
(MFI).
3. To remove background from all samples subtract the MFI from unstained cells and calculate
the mean of triplicates from each time point and condition.
4. To calculate relative % of surface expression, we use the time point 0 min as 100%;
Relative % of surface expression = Divide the mean of the given time point by the mean of time
point 0.
As integrins first internalize you will first see a reduction and then after some time a
re-exposure of integrins on the surface. In the samples treated with PQ the re-exposure will be
lower compared to non-treated cells (see Figure 2 for an example).

Figure 2. An example of a result of LFA-1 recycling in presence and absence of PQ
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Notes
1. Take 6 x 105 cells per sample and use in triplicate for each time point. So for one condition with
6-time points, the total amount of the cells is 6 x 105 x 3 x 6 = 1.08 x 107 cells.
2. Make a fresh 30 mM stock of Primaquine diphosphate (PQ) in PBS (= 13.86 mg/ml).
3. To prepare the next step, you need more or less 2 min to prepare. And you need to adjust this
time to suit you.
4. Here you can use a new 96-well plate for each time point and adjust time and use 2 plate
centrifuges if you want to avoid taking out and in the plates from the incubator.
Recipes
1. HBSS wash buffer
HBSS without Ca2+/Mg2+
10 mM HEPES
Precool on ice before use
2. Migration buffer
HBSS with Ca2+/Mg2+ without phenol red (Gibco)
5 mM Mg2+
10 mM HEPES
Precool on ice before use
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