
Nat Commun. 2015 Feb 3;6:6168.  
 
Toll-like receptor ligands sensitize B-cell 
receptor signalling by reducing actin-
dependent spatial confinement of the 
receptor. 
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Super resolution microscopy uses single point 
emitters to go beyond the diffraction limit 
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Can use data calculated from SPT trajectories (state 
dependent diffusion, dimer off rates) to parameterize 
spatial stochastic models 



The Players 



Figure 1: TLR priming increases the sensitivity of B cells to membrane-bound antigens.	
  

Anti-Igκ (surrogate antigen) 

Antigen presenting cells (APCs) expressing anti-Igκ antibody bind B Cell Receptors (BCRs) on B cells .  

APCs classified as 
low Ag or high Ag 
expressing cells APC 

B cells 



Figure 1: TLR priming increases the sensitivity of B cells to membrane-bound antigens.	
  

Activation of the TLRs increased BCR signaling (pTyr, pErk and pAKt) at low Ag density.	
  

APC:B cell assay 

Anti-Igκ coated coverslip: B cell assay 

*
* * *



Control B cells 
(BAFF) 

LPS-treated B cells 

Tracking mIgM-QD labeled BCRs on B cells 	
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Figure 2: TLR ligands increase BCR mobility and decrease BCR confinement.	
  

Tracked receptors can be classified as confined or free based on moment scaling spectrum (MSS) analysis   

Tracking non-engaged BCRs with 
IgM Fab-QD that binds to the BCR 

B-cells + LPS  

B-cells incubated O/N  with LPS 
to activate TLRs then plated on 
coverslips with anti-MHCII (no 
actovation) or antigen (activation) 
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Hidden Markoff Model divides tracks into confined vs free segments and allows the measurement of how 
quickly receptors switch from confined to free (kslowà kfast) or from free to confined (kfast à kslow). 

TLR signaling makes it more likely for the BCRs to switch from confined to free (Keff > 1). 



Figure 2: TLR ligands increase BCR mobility and decrease BCR confinement.	
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Stimulation of TLR signaling by 
LPS or CpG DNA increases the # 
of freely diffusing BCR 

The affect of TLR signaling on BCR diffusion is concentration and time dependent. 



Figure 3: BCR confinement and diffusion are controlled by the actin cytoskeleton. 

Disrupting the actin cytoskeletion with latrunculin treatment also 
increases BCR free diffusion 



Figure 4: TLR signaling enhances actin dynamics and activates cofilin. 

After TLR activation: 
 
Increased F-actin rich 
cell ruffling after TLR 
activation 

Increased F-actin 
severing activity. 
(Fluorescent F-actin)  

MyD88 links TLR to 
downstream signaling 

TLR activation creates more dynamic F-actin networks.  Rapid turnover and reassembly leads to more transient actin barriers. 

Increased de novo actin 
polymerizing activity 

Increased GTP-bound 
Rap1 that increases 
actin dynamics 

Dephosphorylation/activation of  
cofilin 



Figure 5: TLR enhancement of BCR mobility is dependent on actin severing. 

 
Reduced ruffling 

 
Reversal of LPS-triggered changes in diffusion 

TLR signaling primes the BCR for activation by increasing F-actin severing 

Blocking peptides prevent binding of cofilin to F-actin 



Figure 5: TLR enhancement of BCR mobility is dependent on actin severing. 
 
Treatment with cell-permeant cytotoxic necrotizing factor activates RhoA  and stabilizes actin filaments 

Either blocking peptides that limit actin severing or stabilizing actin filaments by activating Rho A 
reverses LPS-triggered changes in cell ruffling and BCR diffusion. 

 
Reduced ruffling 

 
Reversal of LPS-triggered changes in diffusion A20 B-cell line  



Figure 6: Cofilin activity controls BCR confinement. 

SSH (Slingshot) is 
the phosphatase 
that activates 
cofilin 

 
Abnormal actin 
filaments 

 
Decreased 
mobility/ 
increased 
confinement 

Slingshot is needed to release BCR from confinement zones. 



Figure 7: TLR ligands increase BCR–BCR collisions and antigen independent tonic signalling. 
 
B-cell survival requires tonic, antigen independent BCR signaling.  

TLR activation may increase BCR collisions and increase tonic signaling  

 
BCR-BCR collisions detected with merge/split algorithms 



Figure 8: B-cell responses to APC-bound antigens are dependent on actin dynamics that correlate with 
cofilin activation. 

Inhibiting actin dynamics limits B-cell response to APCs expressing low levels of antigen. 
 



Figure 9: Marginal Zone (MZ) B cells have greater cofilin activation, BCR mobility and BCR signalling than 
Follicular (FO) B cells. 

MZ B cells à T cell independent activation RAPID RESPONSE 
FO B cells à T cell dependent activation 

TLR activation is may be important in priming MZ Bcells for activation. 



Figure 10: Model for TLR-induced transition of B cells to a primed state. 

Cross talk of the TLR and BCR pathways involves changes in membrane dynamics, priming cells for BCR 
clustering and signaling.  Different B-cell types may have a more or less stable actin cytoskeleton creating 
differentially sensitive B-cells.  
 
 This mechanism may also be important for other interacting pathways. 


