
Constitutively active WASp in X-linked neutropenia leads to compromised B 
cell division and accelerated plasma cell differentiation 

Efficient B cell immune responses rely on regulated actin dynamics for multiple cellular 
processes, including cell migration, cell-cell interaction and immune synapse formation. 
Mutations that lead to loss-of-function of WASp in B cells result in reduced marginal zone B 
cells and spontaneous germinal center formation associated with breakdown of self-tolerance. 
Activating mutations in WASp has been recently found to cause X-linked neutropenia (XLN). 
By examining B cells from six XLN patients including two de novo mutations R268W and 
S271F in WASp, we found that XLN patients had normal naïve B cells and plasmablasts, but 
reduced IgA+ B cells and memory B cells from peripheral blood, and reduced B cell 
proliferation upon activation in vitro. Interestingly, analysis of B cells from a newly identified 
patient with de novo R431W mutation in WASp showed dramatically decreased cell 
proliferation in vitro and unresponsivness to BCR stimulation, which was associated with 
increased genotoxic stress upon activation. Analysis of XLN mouse models carrying the 
corresponding patient mutations WASp L272P or WASp I296T, showed a 2-fold reduction in 
germinal center B cells in spleen, and increased generation of plasmablasts and plasma cells. 
In vitro, XLN B cells showed reduced Ig class switching and aberrant cell division, and 
increased production of Ig switched plasma cells. These results show that overactive WASp 
predisposes for pre-mature differentiation into plasma cells at the expense of cell proliferation 
and Ig class switching. 

Germinal center is a transient structure formed in 
the secondary lymphoid organs upon antigen 
challenge. It is the microenvironment where high 
affinity antibody against the antigen can quickly 
evolve (Fig 1.).  

Current work is to study how mutations leading to 
overactive WASp affect the B cell response in 
germinal centers. To study this, we first analyzed 
the B cell subsets in periphery blood from 6 XLN 
patients who has following mutations respectively: 
R268W, L270P, F271S, I290T, I294T, S272P. 
Percentage of B cells in total PBMCs were largely 
unaltered in patients comparing to healthy 
controls. Based on the surface expression of CD24 
and CD38, we could identify transitional B cells, 
naïve B cells, memory B cells and plasmablasts. 
There was an increased tendency of transitional B 
cells in XLN patients while proportion of naïve B 
cells was normal comparing to controls. However, 
the memory B cell subset was consistently lower 
in patients than in controls. In addition, XLN 
patients had reduced proportion of IgA+ B cells in 
periphery blood than controls, which is corresponding to 
the relatively lower level of serum IgA in the patients(Fig 
2). 

Figure 1. Germinal center response. 

Figure 2. B cell subsets. 



 To understand the mechanism 
underlying the reduced memory B cell 
population, we took use our XLN mouse 
models that harbors I296T or L272P 
mutation in WASp. In vivo analysis 
showed reduced germinal center B cell 
response and accelerated output of plasma cells 
in XLN mice compared to wildtype mice upon 
SRBC challenge. To analyze if this is 
caused by a B cell intrinsic defect, we took 
use of an in vitro culture system to induce 
germinal center like B cells(Fig 3).  Since 
germinal center B cells undergo rapid cell 
proliferation, we first examined the B cell 
proliferation capacity. XLN B cells showed 
reduced proliferation compared to 
wildtype cells, and there was a significant 
reduction of cells in the division 8 from XLN 
than from wildtype cultures.  

Meanwhile, there was an increased plasmablast generation in XLN culture compared to wildtype 
culture. To confirm these findings, we cultured sorted naïve B cells from patients and found 
significantly compromised cell proliferation of patients’ B cells than controls’ B cells(Fig 4). On the 
other hand, there seems to have increased formation of plasma cells from patients’ B cell culture 
than controls(Fig 5). 

 Live cell imaging revealed that up to 13% of XLN B 
cells experienced abnormal cell divisions 
compared to 0% in wildtype B cells(Fig 6).   

These faulty cell divisions seemed to lead to 
increased genotoxic stress as marked by Rh2ax 
level in XLN germinal center B cells. In turn, the 
increased genotoxic stress accelerated plasma cell 
differentiation via ATM mediated upregulation of 
Blimp1.  

In summary, cell division is perturbed in XLN 
germinal center B cells due to overactive WASp. 
Increased faulty division of XLN B cells compromised 
the proliferation capacity of the mutant B cells, and 
also imposed the cells into increased risk of 
genotoxic stress. This in turn triggered the DNA 
damage response and accelerated generation of 
plasma cells.  

Figure 3. Inducible Germinal center system. 

Figure 4. Human B cell culture. 

Figure 5. Human plasmablasts. 

Figure 6. B Cell division. 


