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Research programme and achievements 

Balanced antibody production underlies healthy immune protection and is the basis of 
most successful vaccines. This part of our immunity is driven by B lymphocyte responses 
to foreign antigens. A central focus of my lab is to explain the molecular mechanisms that 
enable specific and efficient responses of B lymphocytes to antigenic challenge and 
provide insight into why they sometimes contribute to immune pathology such as immune 
deficiency, autoimmunity and B cell cancers. In the past five years, my lab has particularly 
focused on the role of cellular biomechanics in antigen recognition by the B cell antigen 
receptor (BCR) expressed on B cell surfaces. Using novel imaging methods, 
nanotechnology, CRISPR-based genetics and mouse models, we showed that BCR 
mechanosensing, along with specific BCR signalling and endocytic trafficking, plays an 
important role in T cell-dependent clonal selection of B cells in germinal centres (GCs), a 
critical process in the development of protective, but also pathogenic antibodies.  
Our major findings were:  
1. Mouse and human GC B cells bind antigens through immune synapses with unusual 

BCR patterning and with altered intracellular signalling and cytoskeletal dynamics. 
This results in enhanced cellular forces on the BCR, which increase the stringency of 
antigen affinity discrimination during antigen uptake, thus regulating T-cell driven B 
cell clonal expansion and selection. These results indicate that B cell mechanics of 
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immune synapses with cell-presented antigens significantly contribute to selection of 
high-affinity somatically mutated BCR variants in the GC and therefore to the affinity 
maturation of the antibody response. 

2. The B cell affinity-dependent uptake of antigens from antigen-presenting cells is 
regulated by the mechanical properties of the antigen presenting cells’ membranes. 
Increased membrane stiffness promotes affinity discrimination, while low membrane 
stiffness promotes sensitivity of low-affinity BCRs. We identified follicular dendritic 
cells as a stiff stromal cell subset mechanically promoting B cell affinity discrimination 
in the GC. 

3. Mechanical B cell extraction of antigens requires formation of dynamic F-actin foci 
produced by the Arp2/3 complex, and also depends on contractility provided by the 
non-muscle myosin IIa. Consequently, myosin IIa is important for B cell antigen 
uptake from follicular dendritic cells in vivo and is essential for B cell responses.  

4. Using whole-genome CRISPR screening, we comprehensively characterised 
endocytic components of B cell antigen uptake. We uncovered a key role of a 
previously unrecognised, clathrin-independent endocytic pathway mediated by 
Endophilin A2. We showed that in addition to the BCR, Endophilin A2 regulates 
endocytosis of a number of key receptors in B cells and is particularly required for GC 
B cell responses in vivo. 

5. Determining one of the first full structures of the IgM antibody and describing its 
unique dynamics.  
 

In the future, we will focus on the role of follicular dendritic cell-based antigen 
presentation for the development of the protective antibody responses and on the 
intracellular wiring of B cell signalling and endocytic pathways in B cell activation and 
pathology. We aim to:  
1. Determine the mechanism regulating antigen and vaccine capture, retention and 

presentation by follicular dendritic cells in vivo.  
2. Determine the role of B cell mechanics in selection of broadly neutralising antibodies 

against HIV.  
3. Identify the wiring of BCR signalling pathways differentially regulating class-switched 

IgG and IgE B cell differentiation into antibody-secreting cells in allergy.  
4. Determine the role of altered BCR signalling in the growth of IgM- and IgG-switched 

follicular and diffuse large B cell lymphoma.  

Research outputs 

Nowosad, C. R., Spillane, K. M., and Tolar, P. (2016) Germinal center B cells 
recognize antigen through a specialized immune synapse architecture. Nat 
Immunol 17, 870-77. DOI: 10.1038/ni.3458  
Using new high-throughput imaging designed for rare cell subsets, we revealed that 
germinal centre B cells form uniquely patterned immune synapses to bind antigens. The 
separation of antigen into small clusters, along with specific cytoskeletal organisation 
results in enhanced mechanical forces transferred onto the B cell receptor-antigen bonds, 
increasing the mechanical affinity-discrimination power of germinal centre B cells 
compared to other B cell subsets. The work implicated germinal centre B cell mechanics 
in selection of high-affinity B cell clones in antibody responses and introduced novel DNA 
nanosensors for measuring cellular forces.   
 

https://doi.org/10.1038/ni.3458


Spillane, K. M., Tolar, P. (2017) B cell antigen extraction is regulated by the physical 
properties of antigen presenting cells. J. Cell Biol. 216, 217–230. DOI: 
10.1083/jcb.201607064 
We demonstrated that mechanical forces and not enzymatic liberation are the 
physiological mechanism for acquisition of antigens by B cells from live presenting cells. 
Using DNA-based nanosensors we showed that B cell affinity discrimination is regulated 
by physical properties of the antigen-presenting cells and identified follicular dendritic cells 
as a stiff antigen presenting subset that promotes B cell affinity discrimination in germinal 
centres.   
 
Hoogeboom, R., Natkanski, E.M., Nowosad, C. R., Malinova, D., Menon, R. P., Casal, 
A. and Tolar, P. (2018) Myosin IIa promotes antibody responses by regulating B cell 
activation, acquisition of antigen, and proliferation. Cell Rep. 216, 2342-2353. DOI: 
10.1016/j.celrep.2018.04.087 
We showed that the non-muscle motor myosin IIa is important for B cell extraction of 
antigens from presenting cells in vivo and also for B cell development, proliferation and 
antibody production. These results established the importance of acto-myosin forces in B 
cell antigen extraction in vivo.  
  
Kwak, K., Quizon, N., Sohn, H.W., Saniee, A., Manzella-Lapeira, J., Holla, P., 
Brzostowski, J., Lu, J., Xie, H., Xu, C., Spillane, K. M., Tolar, P. and Pierce, S.K. 
(2018) Intrinsic properties of human germinal-center B cells set antigen-affinity 
thresholds. Sci. Immunol. 3, eaau6598. DOI: 10.1126/sciimmunol.aau6598 
We showed that affinity discrimination of human germinal centre B cells is mediated by 
their altered intracellular signalling, specialised cytoskeletal arrangements and enhanced 
cell mechanics. Imaging of these cells revealed that antigen extraction occurred through 
actin based pod-like structures at the periphery of immune synapses, which transduce 
high forces on the B cell receptor. This work implicated mechanical affinity discrimination 
in the function of human germinal centre B cells.  
  
Roper, S. I., Wasim, L., Malinova, D., Way, M., Cox, S., Tolar, P. (2019) B cells extract 
antigens at Arp2/3-generated actin foci interspersed with linear filaments. eLife 8. 
DOI: 10.7554/eLife.48093 
Super-resolution imaging revealed previously unrecognised actin foci that mediate antigen 
extraction in B cell synapses. We identified the actin polymerisation pathways that 
generate these structures and defined the role of their dynamic formation in antigen 
uptake.  
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