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Mechanisms of action and disease: 
immune synapses

• Imaging natural killer cell surveillance

• Super-resolution imaging of f-actin
organisation at NK cell synapses



Natural killer cells 
and T cells can

readily kill tumour cells 



Lanier LL. Annu Rev Immunol. 2005;23:225-74.

NK cell

e.g. MICA

Natural killer cell immune synapse
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The immune synapse



Lenalidomide (Revlimid) increases immune 
synapse formation between NK cells and mantle

cells 
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Microtweezers and confocal microscopy
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Image reconstruction 
from confocal z-stack

Microtweezers & confocal 
microscopy

Resolution improved by x5

Speed increased 10-100 fold
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T cell synapses: distinct clusters of LAT and SLP -76

Purbhoo MA et al. Science Signal. 2010;121:ra36.



LAT and SLP -76 Dynamics



Optical Tweezers for 
high resolution imaging

NKG2D-GFP 
Resolution improved by x5

Speed increased by 10–100 fold
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Microclusters at NK cell synapses 
assemble into rings through which secretion occurs



How do lytic granules pass through the 
actin mesh that underlies cell membranes?

• Actin is cleared from the centre of the synapse



Structured Illumination Microscopy (OMX)
40nm Beads

1. FWHM ~105nm    
2. FWHM ~98nm



Actin Organisation at the Immune Synpase
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Organisation of Actin Mesh

The mean hole length is 
increased to ~250nm



Determination of lytic granule size



Granule penetrable areas



Two colour 3D super-resolution imaging to 
simultaneously image f-actin and perforrin



Granules polarize to predicted 
penetrable areas

MICA-Fc MICA-Fc + ICAM-1



Periodicity in actin structure defines 
secretory domains

No. of granules falling on penetrative area / penetrative area 

No. of granules falling on non-penetrative area / non-penetrative area 
Odds ratio = 
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Summary

• Signalling microclusters of NKG2D organize 
around a central secretory domain

• Cortical actin is not cleared from the centre of 
the NK cell synapse 

• Periodicity of cortical actin opens up in the 
central synapse, where lytic granules dock
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The immune synapse



The kinetic -segregation model 
for receptor triggering

Tim Springer, expanded by Simon Davis and Anton van der Merwe.

Resting cell

10 nm

antigen presenting or target cell

tyrosine phosphorylation 

Close-contact zone

phosphatase

CD45 and/or CD148

kinase

* * **

Small
receptors with 
tyrosine 
containing motif



Modifying the extracellular-domain size of 
NK ligands

HLA-single-chain trimer construct (SCT): 

• HLA-Cw6

• Peptide

• β2-microglobulin

MICA (activating ligand of NKG2D) HLA-C (inhibiting ligand of KIR )



Colocalization requires matched protein sizes
HLA-GFP HLA-Cherry Overlay

YTS-KIR

target

r = 0.77 0.14
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target

Overlay
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HLA-CD4-GFP HLA-CD4-Cherry Overlay
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Importance of matched size

matched size colocalization good signal 
integration

mismatched size poor colocalization poor signal integ ration 

CD4 spacer

MICA HLA-Cw6

NKG2D KIR2DL1

++++ ++

Matched Mismatched Matched  



Optimal inhibition requires matched sizes



Colocalization of MICA and HLA -Cw6 
requires matching size



Conclusions

• Elongation of NK cell ligands abrogates their 
ability to trigger receptor-signaling

• Synaptic location of proteins can be 
determined by their size

• Optimal signal integration of inhibitory and 
activatory receptors requires matching 
receptor/ligand dimensions



Summary

• The cortical actin mesh opens up for lytic 
granule secretion

• Activating and inhibitory ligand sizes are critical
for NK synapse organisation and signal 
integration

• Drugs, e.g. lenalidomide, could act by 
influencing the supramolecular dynamics at 
synapses
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