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pathways involved using drugs known to target specific 
components of the phagocytic machinery. The effectiveness 
of PP2 (an SFK inhibitor), piceatannol (an Syk inhibitor), 
and wortmannin (a phosphoinositide 3-kinase [PI3K] in-
hibitor) was verified by immunoblotting with an antibody 

for phosphorylated AKT, a downstream target of both SFK 
and PI3K signaling (Fig. 10 A).

Inhibition of Syk or PI3K had no effect on the segrega-
tion of SIRPα and FcγRI or on the reorganization of FcγRI into 
concentric rings upon activation of cells with hIgG (Fig. 10 B). 

Figure 10.  Src-family kinase signaling, but not Syk or PI3K signaling, is indispensable for reorganization of macrophage surfaces. (A) Immunoblots of 
phosphorylated AKT in nonactivated (PLL) or hIgG-activated human macrophages pretreated with vehicle (DMSO), as a control, 10 µM PP2 (left), 100 µM 
piceatannol (PCT; middle), or 1 µM wortmannin (Wort; right). Blots represent two independent experiments. (B) TIRF image of FcγRI (white; bars, 20 µm) 
and dSTO​RM images (bars, 5 µm) of FcγRI (green) and SIRPα (red) at the surface of human macrophages incubated with vehicle (DMSO), PP2, PCT, or 
Wort, pretreated as in A. Cells were then seeded onto slides coated with PLL (nonactivated) or hIgG for 10 min and stained with anti–FcγRI-AF488 and 
anti–SIRPα-AF647 mAbs. In each condition, regions outlined by the white squares (middle column) are shown enlarged (right column). Bars, 1 µm. (C) CBC 
histograms for FcγRI and SIRPα in cells pretreated as in A and seeded onto slides coated with PLL (gray) or hIgG (DMSO, dark gray; PP2, red; PCT, green; 
and Wort, blue) for 10 min, as indicated. Data are from a minimum of 30 cells from three independent donors. Bars show mean ± SD. (D) NND analysis 
from data shown in C. Each symbol represents the median NND of all paired single-molecule localizations from one cell. Horizontal lines and error bars 
represent mean ± SD. ns, not significant; ****, P < 0.0001; one-way ANO​VA with Tukey’s post-hoc test. (E) Histogram distributions of the NND between 
the centroids of nanoclusters from one channel and the centroid of their nearest neighbor from the second channel (≥20,000 clusters from a minimum of 
10 cells per condition).
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Both CBC analysis and centroid NND analysis showed equiv-
alent segregation of receptors in control-treated cells or cells 
treated with either of the two drugs (Fig. 10, C–E). In contrast, 
when SFKs were inhibited, SIRPα and FcγRI remained colocal-
ized after stimulation of cells with hIgG (Fig. 10, B and C) with 
a mean NND between localizations (62 ± 22 nm) and a mode 
for the centroid NND (71 ± 1 nm) similar to DMSO-treated 
control cells in nonactivating conditions (mean NND between 
localizations of 62 ± 23 nm and mode of the centroid NND of 
52 ± 3 nm; Fig. 10, D and E). In addition, the assembly of Fc re-
ceptor rings was abrogated by PP2 (Fig. 10 B). Thus, membrane 
proximal signaling by SFKs is important for the nanometer- and 
micrometer-scale reorganization of the macrophage cell surface.

Discussion

It is well established that immune cell receptors and ligands are 
organized into micrometer- and submicron-scale domains at 
cell surfaces and immune synapses (Bunnell et al., 2002; Davis 
and Dustin, 2004; Harwood and Batista, 2008; Orange, 2008). 
Recently, however, the development of superresolution micros-
copy techniques has extended this view by providing evidence 
that many proteins are organized in plasma membrane domains 
on a nanometer scale (Garcia-Parajo et al., 2014).

A previous study indicated that FcγRII is constitutively 
expressed as monomers and upon ligation increases its lateral 
mobility and clustering (Jaumouillé et al., 2014). Here, exploit-
ing recent developments in superresolution microscopy, we re-
vise this model of the macrophage cell surface by establishing 
that the activating receptors FcγRI and FcγRII, and the inhib-
itory receptor to prevent phagocytosis of self, SIRPα, are con-
stitutively organized in discrete nanometer-scale domains at the 
surface of primary human macrophages, with SIRPα forming 
smaller but more numerous nanoclusters than the Fc receptors.

In nonactivated cells, nanoclusters of FcγRI, but not 
FcγRII, are associated with nanoclusters of SIRPα. Ligation 
of SIRPα recruits the phosphatase SHP-1, which likely acts lo-
cally. Thus, the proximity between FcγRI and SIRPα is likely to 
be important for SIRPα-mediated inhibition of the Fc receptor 
signaling. Disruption of filamentous actin organization induced 
the segregation between SIRPα and FcγRI even in nonactivat-
ing conditions. This suggests that the constitutive association 
between the two receptors is regulated to at least some extent 
by the actin cytoskeleton.

For T cells and B cells, activating signals are concurrent 
with the segregation of phosphatase activity from kinase activ-
ity (Chang et al., 2016). Here, stimulation with hIgG induced 
segregation of FcγRI and SIRPα nanoclusters. This likely hin-
ders the ability of SIRPα signaling to suppress FcγRI signaling 
and thereby provides a positive feedback to amplify or sustain 
cellular activation. In contrast, coligation of SIRPα with CD47 
abrogated the segregation of SIRPα and FcγRI nanoclusters 
and promoted the recruitment of pSHP-1Y536 to the proximity of 
FcγRI nanoclusters, thereby helping prevent cellular activation. 
Previous imaging has not detected these nanoscale rearrange-
ments at the cell surface, because they could not be resolved by 
standard light microscopy.

Interaction with IgG also induced the reorganization of 
FcγRs at a micrometer scale. After cross-linking, FcγRs were re-
cruited to the frustrated phagocytic synapse, where they formed 
periodically spaced concentric rings. Live imaging of FcγRI 

showed that the reorganization of the receptor into concentric 
rings is coincident with cell spreading on activating surfaces. 
An expanding integrin wave is known to extend beyond the pe-
rimeter of the receptor–ligand engagement zone and facilitate 
the zippering of FcγRs onto the target (Freeman et al., 2016). It 
is possible that this actin-tethered integrin wave may play a role 
in positioning FcγRs in concentric rings, such that the rings of 
Fc receptor mark out the spaced teeth of a phagocytic zipper.

Mechanistically, the reorganization of FcγRI into con-
centric rings, as well as the segregation of SIRPα and FcγRI 
nanoclusters, is dependent on the actin cytoskeleton. Assem-
bly of the ring-shaped structure of FcγRI is also dependent 
on formins but independent of myosin II activity. In con-
trast, myosin II activity is important for the internalization 
of SIRPα triggered by FcγRI ligation. Moreover, inhibition 
of SFKs, which are essential for an efficient phagocytic re-
sponse, prevented these rearrangements of the macrophage 
cell surface. Thus, impairing the actin cytoskeleton or block-
ing the phagocytic signal, either by inhibiting the activating 
signal with pharmacological drugs or by ligating the inhibi-
tory receptor, hindered both the segregation between FcγRI 
and SIRPα and the reorganization of FcγRI into concentric 
rings, pointing to these behaviors being an important feature 
of the phagocytic response.

In summary, the high-affinity Fc receptor FcγRI is 
kept in close proximity to the inhibitory receptor SIRPα by 
the actin cytoskeleton in nonactivated macrophages. Upon 
ligation of FcγRI, nanoclusters of FcγRI segregate from 
nanoclusters of SIRPα. This occurs concurrently with a mi-
crometer-scale reorganization of activating Fc receptors into 
concentric rings, dependent on SFK signaling. Coligation of 
SIRPα abrogates this segregation of nanoclusters, promotes 
the recruitment of pSHP-1Y536 to the proximity of FcγRI, and 
prevents the assembly of Fc receptor rings. Altogether, these 
data reveal an unexpected nanometer- and micrometer-scale 
rearrangement of the macrophage cell surface concurrent 
with signal integration.

Materials and methods

Generation of macrophages
Peripheral blood from healthy donors was acquired from the Na-
tional Health Service blood service under ethics license REC 05/ 
Q0401/108 (University of Manchester). Peripheral blood mono-
nuclear cells were isolated by density gradient centrifugation 
(Ficoll-Paque Plus; Amersham Pharmacia Biotech). Human mono-
cyte-derived macrophages were derived as described previously 
(Davies and Gordon, 2005). In brief, CD14+ cells were isolated by 
positive selection from peripheral blood mononuclear cells using 
magnetic beads (CD14 MicroBeads; Miltenyi Biotec) and cultured at 
106 cells/ml in serum-free media (X-Vivo 10; Lonza) supplemented 
with 1% human serum (Sigma-Aldrich). After 24 h, monocytes were 
washed with PBS (Sigma-Aldrich) to remove nonadherent cells and 
cultured in X-Vivo media with 1% human serum. After 3 d of incu-
bation, adherent cells were washed with PBS and cultured in standard 
DMEM-based media (Sigma-Aldrich) supplemented with 10% FBS 
(Invitrogen), 1% penicillin and streptomycin (Gibco), 1% l-gluta-
mine (Gibco), and 1% Hepes (Sigma-Aldrich) for 6 days to generate 
monocyte-derived macrophages, phenotyped to be CD14+, CD11a+, 
CD3−, CD56−, and CD19−. Cells were washed with PBS, and media 
was replaced every 3 d.
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Flow cytometry
To assess surface expression of SIRPα and FcγRI, cells were washed 
and blocked with 2% FBS/PBS for 30 min at 4°C and then stained 
with Zombie Aqua viability dye (BioLegend), anti–CD14 mAb (clone 
61D3; eBioscience) conjugated with FITC and anti–SIRPα mAb (clone 
SE5A5; BioLegend) or anti-FcγRI (clone 10.1; BioLegend), respec-
tively, conjugated with Allophycocyanin (APC) or isotype-matched 
control mAbs (mouse IgG1 isotype control, clone MOPC-21; BioLeg-
end; conjugated with FITC or APC) for 30 min at 4°C. To assess sur-
face expression of FcγRII, cells were washed and blocked as before and 
then stained with Zombie Aqua viability dye, anti–CD14 mAb (clone 
61D3; eBioscience) conjugated with APC, anti–FcγRII mAb (clone 
FLI8.26; BD), or isotype-matched control mAb (mouse IgG2b isotype 
control, clone MPC-11; BD) for 30 min at 4°C, washed twice with 2% 
FBS/PBS, and incubated with fluorescently labeled anti–mouse IgG2b 
secondary antibody (Invitrogen) conjugated with AF488 for 30 min at 
4°C.  Finally, cells were washed in 2% FBS/PBS, fixed in 2% PFA/
PBS, assessed by BD FACS Canto II flow cytometer (BD), and ana-
lyzed (FlowJo_V10 software).

For phenotyping, monocyte-derived macrophages were stained 
with anti–CD14 mAb (clone 61D3; eBioscience), anti–CD11a mAb 
(clone HI111; BD), anti–CD3 mAb (clone UCHT1; BioLegend), anti–
CD56 mAb (clone HCD56; BioLegend), and anti–CD19 mAb (clone 
HIB19; BioLegend) or isotype-matched control mAb (mouse IgG1 
isotype control, clone MOPC-21, conjugated with APC or phycoeryth-
rin [BioLegend] or FITC [BD]). Anti–CD14 and anti–CD11a mAbs  
are conjugated with APC and FITC, respectively, whereas anti–CD3, 
anti–CD56, and anti–CD19 mAbs are conjugated with phycoerythrin.

ELI​SA
Primary monocyte-derived macrophages were incubated on chambered 
glass coverslips coated with PLL, human CD47-Fc, or human IgG, as 
indicated, at 37°C for 24 h. Cell supernatants were recovered and cen-
trifuged at 350 g for 10 min at RT to remove cell debris. M-CSF pro-
duction was quantified in the supernatants by sandwich ELI​SA (DuoSet 
ELI​SA; R&D Systems), according to manufacturer’s instructions. The 
plates were developed with TMB ELI​SA substrate (Sigma-Aldrich), 
and the reaction was stopped with 1 N H2SO4. Absorbance was mea-
sured at 450 nm using a 570-nm reference line.

Drug treatments
Primary human macrophages were pretreated with 10 µM of either the 
SFK inhibitor PP2 (Sigma-Aldrich) or the myosin II inhibitor blebbi-
statin (Sigma-Aldrich), with 100 µM of the Syk kinase inhibitor piceat-
annol (Sigma-Aldrich), or with 0.5 µM jasplakinolide (Sigma-Aldrich) 
for 30 min, or with 1 µM of either latrunculin A (EMD Millipore) or 
the PI3K inhibitor wortmannin (Sigma-Aldrich), or with 10  µM of 
the formin inhibitor SMI​FH2 (Sigma-Aldrich) for 10 min, in PBS at 
37°C. As a control, cells were incubated with DMSO. After incubation, 
cells were resuspended in culture medium and plated onto coverslips 
under nonactivating or activating conditions for 10 min, as indicated, 
before being fixed and stained for imaging.

Immunoblotting
Primary human macrophages were pretreated as described in the previ-
ous paragraph and plated onto PLL- or hIgG-coated slides for 10 min at 
37°C. After incubation, adherent cells were rinsed twice in ice-cold PBS 
and disrupted with ice-cold lysis buffer containing 10 mM Tris-HCl, pH 
7.4, 100 mM NaCl, 1mM NaF, 1 mM orthovanadate, 0.5% NP-40, and 
protease inhibitors (cOmplete EDTA-free protease inhibitors; Roche). 
Lysates were cleared by centrifugation and reduced in Laemmli buffer, 
resolved by SDS-PAGE, transferred to nitrocellulose membrane, and 

immunoblotted with anti–phospho-AKT Ser 473 (clone 193H12; Cell 
Signaling Technology) and anti-actin (Sigma-Aldrich) antibodies.

Sample preparation for imaging
Chambered glass coverslips (#1.5 Lab-Tek II; Nunc) were coated with 
0.01% PLL (Sigma-Aldrich) and used for imaging of unstimulated 
cells or coated with 10 µg/ml hCD47-Fc (R&D Systems), 10 µg/ml 
hIgG, 10 µg/ml hIgG1, or 10 µg/ml hIgG2 (freshly resuspended in 
150  mM NaCl; all from Sigma-Aldrich) in PBS at 4°C (overnight), 
as indicated, for stimulation of cells. Cells were allowed to settle on 
the slides for 5, 10, or 30 min at 37°C, fixed with 4% PFA/PBS for 
15 min at RT, and washed three times in PBS. In other experiments, 
we confirmed that similar results were obtained when cells were fixed 
with 4% PFA/PBS for 1 h or with 4% PFA/0.2% glutaraldehyde for 30 
min. Samples were blocked in 3% BSA/PBS for 1 h at RT followed 
by incubation with the appropriate fluorescently labeled mAbs, diluted 
in 3% BSA/PBS for 1  h at RT. Whenever intracellular staining was 
required cells were first permeabilized and blocked with 3% BSA/0.2% 
Triton X-100/PBS at RT for 1 h before incubation with the antibody. 
Samples were then washed, postfixed with 4% PFA/PBS for 5 min at 
RT, and imaged. Primary monoclonal antibodies used for microscopy 
were anti-SIRPα (clone 4C7; AbD Serotec) conjugated in-house with 
AF647 (Invitrogen), anti–FcγRI-AF488 (clone 10.1; BioLegend), 
anti-FcγRII (clone FLI8.26; BD) conjugated in-house with Atto488 
(Invitrogen) or AF647, and anti–PTPN6(Tyr536)-AF647 (Bioss). All 
in-house–labeled antibodies had six or seven dyes per antibody.

SLBs
Preparation of liposomes and planar bilayer formation are described 
in detail elsewhere (Dustin et al., 2007). In brief, for coupling of 
streptavidin-conjugated hIgG, prepared using a Streptavidin Con-
jugation kit (Abcam) according to the manufacturer’s instructions, 2 
mol% DOPE-cap-Biotin in 1,2-dioleoyl-sn-glycero-3-phosphocholine 
were deposited onto clean glass coverslip of the flow chamber (sticky-
Slide VI 0.4; Ibidi). As a control, planar bilayers were coupled with 
streptavidin-AF647 (Molecular Probes). Lipid droplets were trapped 
by overlaying glass coverslips cleaned using peroxidated H2SO4. 
Chambers were flooded with Hepes buffered saline supplemented with 
0.1% BSA and flushed to remove excess liposomes, leaving deposited 
1,2-dioleoyl-sn-glycero-3-phosphocholine bilayers containing 2 mol% 
DOPE-cap-Biotin. Bilayers were uniformly fluid as measured by pho-
tobleaching/recovery. After blocking for 30 min with Hepes buffered 
saline supplemented with 2% BSA, fluorescently labeled (or unlabeled) 
hIgG was incubated on bilayers for 30 min. Protein concentrations re-
quired to achieve desired densities on bilayers were calculated from 
calibration curves constructed from flow-cytometric measurements of 
bilayer-associated fluorescence of attached proteins on bilayers form 
on glass beads, compared with reference beads containing known num-
bers of the appropriate fluorophore (Bangs Laboratories). All lipids 
were purchased from Avanti Polar Lipids, Inc. Cells were allowed to 
settle and form contacts with the bilayer for 10 min before being fixed 
with 4% PFA for 15 min, labeled, and imaged by dSTO​RM.

Confocal imaging
Confocal imaging (TCS SP8; Leica Biosystems) was performed using 
a 100× 1.4-NA oil-immersion objective. Cells were plated onto PLL- or 
hIgG-coated slides for 10 min and then fixed and stained with NucBlue 
Live Cell Stain (Invitrogen), the membrane dye Vybrant DiD (1,1- 
Dioctadecyl-3,3,3,3-tetramethylindodicarbocyanine; Invitrogen), and 
anti–FcγRI-AF488 mAb (clone 10.1; BioLegend). Images were taken 
with a frame rate of 600 Hz and 250 nm z-stepping. ImageJ (National 
Institutes of Health) was used for 3D rendering.
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TIRF and live-cell imaging
TIRF and live-cell imaging (N-STO​RM; Nikon) were performed using 
a 100× 1.49-NA oil-immersion objective. For TIRF imaging, cells 
were plated onto PLL- or hIgG-coated slides for 10 or 30 min and then 
fixed and stained with anti–FcγRI-AF488 (clone 10.1, Biolegend) or 
anti-FcγRII (clone FLI8.26; BD) conjugated in-house with Atto488 
(Invitrogen) as described previously. For live-cell imaging, cells were 
stained with anti-FcγRI-AF488 mAb as previously described for FACS 
experiments and imaged immediately as they landed onto PLL- or 
hIgG-coated slides. The emitted fluorescence was collected by the 
objective onto an electron-multiplying charge-coupled device camera 
(IXON Ultra 897; Andor Technology). The frame rates used in the 
experiments were 100 ms (for PLL) or 200 ms (for hIgG) per frame 
for a maximum of 10 min. A focus lock system was used to keep the 
sample in focal plane. 

dSTO​RM imaging
dSTO​RM imaging (SR GSD; Leica Biosystems) was performed using 
a 160× 1.43-NA oil-immersion objective in TIRF mode. Dual-color 
dSTO​RM imaging was performed with primary antibodies directly 
conjugated with AF647 and AF488 acquired in sequential manner. 
First, 642-nm laser light was used for exciting the AF647 dye and 
switching it to the dark state. Second, 488-nm laser light was used for 
exciting the AF488 dye and switching it to the dark state. An additional 
405-nm laser light was used for reactivating the AF647 and AF488 flu-
orescence. The emitted light from both dyes was collected by the same 
objective and imaged onto the electron-multiplying charge-coupled de-
vice camera at a frame rate of 10 ms per frame. A maximum of 5,000 
frames per condition were acquired. For each receptor, the specificity 
of the labeling was confirmed by staining cells with isotype-matched 
control antibodies (Fig. S3). These controls showed a negligible 
level of nonspecific binding (no more than 3% of the total number of 
localizations per cell).

dSTO​RM data analysis
Because dual-color dSTO​RM imaging is performed in sequential mode 
by using two different optical detection paths (dichroic and emission 
filters are different), an image registration is required to generate the 
final two-color dSTO​RM image (Bates et al., 2012; Bálint et al., 2013). 
Therefore, fiducial markers (TetraSpek Fluorescent Microspheres; In-
vitrogen) of 100 nm, which were visible in both 488-nm and 647-nm 
channels, were used to align the 488-nm channel to 647-nm channel. The 
images of the beads in both channels were used to calculate a polynomial 
transformation function that maps the 488-nm channel onto the 647-nm 
channel, using the MultiStackReg plug-in of ImageJ to account for dif-
ferences in magnification and rotation, for example. The transformation 
was applied to each frame of the 488-nm channel. dSTO​RM images 
were analyzed and rendered as previously described (Bates et al., 2007; 
Huang et al., 2008) using custom-written software (Insight3, provided 
by B. Huang, University of California, San Francisco). In brief, peaks 
in single-molecule images were identified based on a threshold and fit 
to a simple Gaussian to determine the x and y positions. Only localiza-
tions with photon count >400 photons were included, and localizations 
that appeared within one pixel in five consecutive frames were merged 
together and fitted as one localization. The final images were rendered 
by representing the x and y positions of the localizations as a Gaussian 
with a width that corresponds to the determined localization precision. 
Sample drift during acquisition was calculated and subtracted by re-
constructing dSTO​RM images from subsets of frames (500 frames) and 
correlating these images to a reference frame (the initial time segment).

Quantitative cluster analysis was based on Ripley’s K function 
(Ripley, 1977) and univariate Getis and Franklin’s local point pattern 

analysis (Getis and Franklin, 1987; Perry, 2004). The x and y coordi-
nate list of localizations was used and multiple regions of 5 × 5 µm 
were selected for each cell, giving the median value per cell. Spatial 
pattern analysis using Ripley’s K function was performed with SpPack 
(Perry, 2004). Quantitative color scale cluster maps based on univariate 
Getis and Franklin’s local point pattern analysis method were gener-
ated using a custom MAT​LAB script as described previously (Owen 
et al., 2010) with a sampling radius of 50 nm. 2D pseudocolor density 
maps were created by interpolating a surface plot with L(50) as the z 
axis on a grid of resolution 5 nm. Binary maps, generated from density 
maps, were used to measure cluster sizes and the number of clusters 
per square millimeter in ImageJ by using the particle analysis function. 
Varying label density analysis was performed as described previously 
(Baumgart et al., 2016).

CBC analysis
CBC mediated analysis between two receptors was performed using an 
ImageJ plug-in (Ovesný et al., 2014) based on an algorithm described 
previously (Malkusch et al., 2012). To assess the correlation function 
for each localization, the x-y coordinate list from 488-nm and 647-nm 
dSTO​RM channels was used. For each localization from the 647-nm 
channel, the correlation function to each localization from the 488-nm 
channel was calculated. This parameter can vary from −1 (perfectly 
segregated) to 0 (uncorrelated distributions) to +1 (perfectly colo-
calized). The correlation coefficients were plotted as a histogram of 
occurrences with a 0.1 binning. The NND between each localization 
from the 647-nm channel and its closest localization from the 488-
nm channel was measured and plotted as the median NND between 
localizations per cell.

To assess protein cluster colocalization, centroid NND were cal-
culated using an ImageJ plug-in as described in the preceeding para-
graph. Dual-color dSTO​RM images were converted into binary maps, 
and the x and y coordinates of cluster centroids were identified in each 
image using the particle analysis function in ImageJ. The NND from the 
centroid of a cluster in the 488-nm channel to the closest centroid of a 
cluster in the 647-nm channel was measured and plotted as a histogram 
of occurrences with a 10-nm binning. Experimental data were com-
pared against randomized equivalents where the red (647-nm) channel 
images were randomly assigned new centroid coordinates within a re-
gion of interest delineating the cell boundary. The mode of the histo-
grams was determined by fitting the distribution to a Gaussian function.

Statistical analysis
Samples were tested for normality with a Kolmogorov–Smirnov test. 
The statistical significance of differences between two datasets was 
assessed by a two-tailed t test assuming unequal variance; multi-
ple comparisons were made with one-way analysis of variance with 
Tukey’s post-hoc test. All statistical analysis was performed using Ori-
gin software (OriginLab).

Online supplemental material
Fig. S1 shows the phenotyping of macrophages and the analysis of 
SIRPα, FcγRI, and FcγRII surface expression by flow cytometry. Fig. 
S2 shows the nanometer-scale organization of SIRPα and FcγRI at 30 
min of incubation. Fig. S3 shows the reorganization of FcγRI into con-
centric rings at the phagocytic synapse by confocal microscopy and 
isotype-matched control staining for all antibodies used in this study. 
Fig. S4 shows that the engagement of FcγRs is required for their reor-
ganization into concentric rings. Fig. S5 shows that SIRPα inhibition of 
FcγRI segregation and reorganization into concentric rings persists at 
30 min of activation. Video 1 shows live TIRF imaging of the distribu-
tion of FcγRI at the surface of macrophages during cell spreading under 
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nonactivating conditions. Video 2 shows live TIRF imaging of the for-
mation of FcγRI concentric rings at the surface of macrophages during 
cell spreading under activating conditions. Video 3 shows a representa-
tive confocal Z-stack and 3D projection of the distribution of FcγRI at 
the surface of macrophages under activating conditions. Video 4 shows 
a representative confocal Z-stack and 3D projection of the distribution 
of FcγRI at the surface of macrophages under nonactivating conditions. 
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